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Demographic and Epidemiological Aspects
of Aging 1
Della Grace Thomas Parambi, M. K. Unnikrishnan,
Akash Marathakam, and Bijo Mathew

Abstract

With the unprecedented surge in geriatric populations, public health policies
should prioritize plans for ensuring independence and dignity of elders. Demo-
graphic transformations have social, political, and economic implications that
influence funding and provisioning geriatric care. While maximum life span is
genetically determined, East Asia has shown the fastest improvements in life
expectancy at birth, increasing from 45 years (1950) to 74 years (2005). 65-year
olds would increase from 12.5% to 20% in the USA by 2030, while China and
India would encounter larger numbers. Health promotion schemes and health care
management strategies have propelled an abrupt rise in the survival rates of
elders, accompanied by the increasing need for trained personnel, specialized
care, and budgetary policies to earmark funds from young taxpayers to pay for
geriatric care. “Compression of morbidity” hypothesis optimistically proposes
that age-related disease and disability can be postponed to terminal years of life.
Education, supportive technologies, and treatments improve the quality of life of
elderly citizens in developed industrialized societies, but the obesity epidemic is a
looming threat. Bioethicists warn that rising geriatric populations demand
detailed plans to avert bankruptcy of insurance companies. It is important to
understand that the infirmity of old age is, at least partly, the inevitable outcome of
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deleterious mutations accumulating in post-reproductive life. Reproductive suc-
cess being key to survival, harmful mutations that express in early reproductive
period of life are selectively deleted, while deleterious mutations expressing in
post-reproductive life would accumulate. Antagonistic pleiotropy proposes that
genes serving a favorable outcome in early life would accumulate, even if harmful
in later life, leading to senescence. Genes promoting inflammatory repair in early
life have been implicated in chronic inflammatory diseases of old age. Public
health policies, especially in lifestyle disorders, can learn from evolutionary
biology, but such research is scanty. While global mortality rates have plummeted
towards the end of the twentieth century, death rates from Alzheimer’s disease,
heart disease, cerebrovascular disease, influenza, and pneumonia registered expo-
nential increases with age. Most common chronic conditions among elderly
Americans are hypertension, coronary heart diseases, chronic joint symptoms,
and stroke. Patterns in comorbidity-co-occurrence of chronic conditions help
assess disease burden and prevalence. Hypertension, cholesterol, sedentary life,
obesity, and smoking have been associated with mortality from CHD, cancer, and
stroke. Lung, colon, prostate, bladder, and rectum cancers show the highest
incidence in men, whereas breast, uterine, colon, rectum, and lung cancers are
the highest in women. An OECD report suggests that dementia affects 30% of
those aged 85–89. Epidemiological data on “functional impairment” or “disabil-
ity,” reveal that greater understanding of the occurrence, causes, and
consequences of disability help formulate preventive therapies for minimizing
disability. Metrics of disability can be a powerful tool for estimating adverse
reactions, presence and severity of multiple pathogeneses, including physical,
cognitive, and psychological, as well as their potential synergistic effects.
Activities of daily living (ADL), instrumental activities of daily living (IADL),
and objective assessment of physical performance help assess capacity for inde-
pendent community life, an essential aspect of long-term geriatric care.

Keywords

Aging · Demography · Epidemiology · Life expectancy · Disability · Mortality

Aging is an inescapable outcome of a long life that each of us values highly. While
the ability to live long is, at least partly, the gift of modern healthcare, the absolute
conquest of aging per se may not yet be a priority in public health. On the other hand,
ensuring a life of independence, respectability, and dignity is indeed the foremost
public health concern in a world that is progressively getting older every day, with a
significant proportion of the geriatric population suffering from chronic ailments
without any definite cure.

Today, the geriatric community comprises a greater portion of humanity than at any
other time in history. Yesteryears teach us that demographic transformations have
influenced and will continue to have a far-reaching impact on the social, political, and
economic status of all sections of the society (US Census Bureau n.d.; Wang et al.
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2012). According to WHO, in about 5 years, the number of people 65 years or older
would outnumber the children under 5 years.

It is estimated that the geriatric population that touched 524 million in 2010
would soar to 1.5 billion in 2050. This dramatic increase in the population of old
people has won considerable attention and has been a subject of extensive debate and
discussion. The current and future of geriatric health profiles constitute a boundless
concern of the world today (United Nations n.d.-a; Kinsella and Phillips n.d.;
Population Division. U.S. Census Bureau 2000). United Nations population projec-
tion study (Fig. 1.1) also reveals that the population of 85 years and older is expected
to rise by 351% between 2010 and 2050 (Fig. 1.2).

Fig. 1.1 Young children and old population as a percentage of world population (Source: United
Nations: Population Division; Department of Economic and Social Affairs: POP/DB/WPP/
Rev.2017/POP/F09-1)

Fig. 1.2 Population projection study from 2010 to 2050 between ages
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1.1 The Average Life Expectancy Is Increasing

The bioscientific, medical model of disease and longevity suggests that particular
genotypes might live much longer than actually predicted (Yashin et al. 1998;
Toupance et al. 1998; World Health Organization. National Institute on Aging,
National Institutes of Health, U.S. Department of Health and Human Services
2011). An anthropological study suggests that the average length of life in Japan
has risen to 83 years today and at least 81 years in several other countries. Most
dramatic progress was observed in East Asia, where life expectancy at birth
increased from 45 years in 1950 to 74 years in 2005. Such data are in tune with
life expectancy improvements, which constitute a major part of the socio-politico-
structural changes spreading across the world at different scales (Oeppen and Vaupel
2002; Christensen et al. 2009).

It was only in the early 1980s that the demographers started analyzing the
increase in life expectancy, driven by decline in fertility and mortality (Linda
2004; Simmons 1945; Treas and Logue 1986; Kinsella and Taueber 1993; Martin
1987). Adults 65 years or older now constitute 12.5% of the population of the USA
and are predicted to grow by 20% by 2030. Highly populated countries like China
and India would witness a greater numerical surge than developed countries like the
USA (Fig. 1.3) (National Centre for Health Statistics 1978; United Nations n.d.-b).

Health promotion schemes and health care management strategies in many
countries have propelled an abrupt rise in the survival rates of persons 85 years
and older. There has been a steadily rising academic interest on account of the
looming public health crisis from an aging population, accompanied by the

Fig. 1.3 Projected population of aged 65 and older in India and China (source: United Nations.
World population prospects)
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increasing need for trained personnel, specialized care, and challenging budget
constraints. Many developed countries have to earmark funds from young taxpayers
to meet the rising public health costs of geriatric care.

1.2 Biodemography of Aging (James 2003)

The challenges of a booming life expectancy in the 1980s were a hot topic for every
gerontologist. James Fries (1980, 1996) one among the most prominent experts, in
his widely cited article, has asserted that there are two kinds of deaths: premature and
senescent. Premature deaths occur as unanticipated events such as accidents or
diseases. Senescent death, on the other hand, knocks down a person when he or
she approaches his or her maximum life span. Every human being has a maximum
life span, distributed around 85 years with a mean deviation of 7 years (Cheung et al.
2005). According to the Fries theory, nothing can be done to alter the maximum life
span, which is innate, fixed, and beyond the influence of any possible natural,
behavioral, or medical therapies. This reminds us of Aristotle who compared
premature death to a fire extinguished by splashing water and senescent death to a
fire burning itself out. He also proposed that every human is born with a certain
amount of fuel and that no fuel could be added to surmount the maximum potential
life span.

Fries, Prof of Medicine, Stanford University, in 1980, proposed that illness can be
postponed to the few final years of terminal life. This is known as “compression of
morbidity” hypothesis, a noteworthy idea with significant and optimistic
implications of practical value in public health. In a study that followed up thousands
of University of Pennsylvania alumni for more than two decades, researchers
showed that the compression of morbidity hypothesis is valid. If the age of onset
of the first chronic infirmity could indeed be postponed, the therapeutic burden from
the geriatric populations could also be minimized, much against the notion that any
aging society would continue to consume more and more resources. Evidence for the
possibility of delaying the onset of infirmity is mixed, at best. A review on the
compression of morbidity has reported cross-national evidence in its support. Edu-
cation, availability of supportive technologies, and medical treatments have been
found to improve the quality of life of older persons in developed industrialized
societies. However, if this is to continue to the next generation, the obesity epidemic
should be contained. Nutritional abundance and higher incomes, thanks to modern
technology, have aggravated the obesity epidemic.

American bioethicists, in their eloquent arguments for rationing medical care,
hypothesize that increasing longevity and the consequent rise in the population of the
elderly, demands meticulous plans to avert the possible bankruptcy of insurance
companies. Faria (2015), professor of neurosurgery, Mercer University School of
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Medicine, has also added more resourceful approaches with the implementation of
Obama care. Reforms should also focus on convincing Americans who are accus-
tomed to receive medical care by third-party payers.

1.3 The Inevitability of Aging: Lessons from Evolution

Many theories explain the universality of the aging phenomenon (Fabian and Flatt
2011; Rose and Evolutionary 1991; Rose and Charlesworth 1980; Hughes et al.
2002). JBS Haldane and Medawar proposed the theory of deleterious mutations
accumulating in the post-reproductive period of life. Medawar argued that reproduc-
tive success being key to survival, harmful mutations that express in early life,
i.e. during the reproductive period, are selectively deleted over the course of multiple
generations. On the other hand, deleterious mutations in genes that express in post-
reproductive life would accumulate, because selection pressure eases after reproduc-
tive age. Selection pressure also favors higher fertility rates among the young
because of high mortality rates from injury and disease. Thus, over a period of
many generations, the cumulative load of deleterious mutations that express late in
life would result in infirmity that generally accompanies aging.

Hamilton (1966, 1996) proposed that the accumulation of favorable mutations
promoting early reproductive fitness would eventually increase mortality and
decrease fertility later in life, even without harmful mutations or trade-off effects.

George Williams developed on the idea of accumulating deleterious mutations in
later life to propose what is now called the theory of antagonistic pleiotropy
(Williams 1957). Williams argues that genes often serve multiple functions at
different time points in the lifetime of a living being. Such pleiotropic genes,
which express a favorable outcome in early life and a harmful outcome in later
life, are likely to accumulate over many generations. On the other hand, genes with
harmful outcomes in early life would be lost. Thus, over a period of many
generations, there would be a tendency to accumulate pleiotropic genes that result
in senescence. Antagonistic pleiotropy has been demonstrated in humans, at least
circumstantially. It has been shown that genes whose expression promotes inflam-
matory repair in early life are also implicated in many chronic inflammatory diseases
that characterize geriatric populations. A higher pro-inflammatory ratio of cytokines
TNFα/IL-10 was shown to be associated with death from cardiovascular ailments in
geriatric populations. This is compatible with the antagonistic pleiotropy hypothesis
because higher ratios of TNFα/IL-10 would protect individuals from infection
during the reproductive stage of life (Van Den Biggelaar 2004).

Public health policies, especially in lifestyle disorders, can learn a great deal from
the lessons in evolutionary biology. There is already an impressive array of
researchers working in this direction, but the impact is yet to be felt in mainstream
public health research.
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1.4 Epidemiology of Aging

The advocacy of International Cooperation in National Research in Demography
(CICRED) has endeavored to create demographic compilations summarizing multi-
ple characteristics of elderly populations (rural/urban residence, marital status, and
labor participation), in addition to the preparation of individual country reports
(Minino et al. 2007). Such compilations have helped the international community
in the development of relevant monographs for many developing and developed
countries.

1.5 Mortality

A plethora of mortality reports (Bureau of the Census 1991) implicates heart disease,
followed by cancer, as the most common causes of death, in younger individuals. On
the other hand, the five major causes of death in the total populations are listed as
heart disease (Hadley and Rossi 2005; Centers for Disease Control and Prevention,
National Center for Health Statistics n.d.; Lolak et al. 2006), cancer (Blank and
Bellizzi 2008; Extermann and Aapro 2000; Extermann and Hurria 2007; Balducci
2003; Wells and Balducci 1997; Balducci and Extermann 2000; Hayat et al. 2007),
stroke (Lakatta 1985), lower respiratory tract infections, and Alzheimer’s disease.
An exponential increase in mortality rate with age is seen for heart disease, cerebro-
vascular disease, influenza, and pneumonia. An even steeper rise is observed for
Alzheimer’s disease (Launer et al. 1999; Obadia et al. 1997; Lobo et al. 2000; Suh
and Shah 2001; Rice et al. 2001). On the other hand, cancer and lower respiratory
tract infections do not show a steep rise with age, probably because victims under
this category are likely to be cigarette smokers who die young. The case is similar to
severe diabetics among who, a disproportionately large fraction die young. Mortality
rates have witnessed a dramatic fall towards the second half of the twentieth century
when compared to the first.

1.6 Disease Status

According to a study by the National Institute of Aging, the most commonly
reported chronic conditions in the USA among the older population were hyperten-
sion, coronary heart diseases, and chronic joint symptoms and stroke.

1 Demographic and Epidemiological Aspects of Aging 7



Prevalence and incidence of chronic conditions are also dependent on race and
ethnicity (Fries 1980). The concept of comorbidity-co-occurrence of multiple
chronic conditions (Neale and Kendler 1995; Fried et al. 2004; Barnett et al. 2012;
Wolff et al. 2002; Freid et al. 2012; Guralnik 1996) is a useful indicator in assessing
both disease burden and prevalence. Table 1.1 shows age-related degenerative
changes in the body and the diseases that possibly arise as a consequence (Khaw
1997).

Widespread research in lifestyle disorders and functional impairment has
provided immense insight into identifying multiple risk factors (B.P, cholesterol,

Table 1.1 Diseases associated with aging

Age-related change Diseases

High blood pressure and cholesterol Heart attack and stroke

Low carbohydrate metabolism Diabetes

Bone loss Fractures and osteoporosis

Amyloid plaques in brain Dementia, AD, Parkinson’s disease

Damage to respiratory system Bronchitis, emphysema

Damage to cartilage Arthritis

Opacity of lens and increased ocular pressure Cataract and glaucoma

Uncontrolled cell proliferation Cancer

8 D. G. T. Parambi et al.



sedentary life, obesity, and smoking) for fatal conditions such as CHD, cancer, and
stroke.

Cancer mortality rates do not directly reflect the incidence rates of diagnosed
cancers. Data generated by the SEER survey by “National Cancer Institute and
Cancer Registries” have shown that highest incidence in men are seen for lung,
colon, prostate, bladder, and rectum and in women for breast, uterine, colon, rectum,
and lung cancers. However, incidence of prostrate, breast, and lung cancers drop at
the oldest ages.

According to WHO, by 2030, non-communicable diseases are expected to
constitute more than one half of the total disease burden, while infectious and
parasitic diseases would account for 30% and 10%, respectively, in low-income
countries (Frenk et al. 1991; Brandling-Bennett 1991; Oakes et al. 1991).

Prevalence estimates for Alzheimer’s disease, the most common form of demen-
tia, vary markedly between nations probably because diagnoses and reporting
systems are not standardized.

A report by the Organization for Economic Cooperation and Development
(OECD) suggests that dementia affected 30% of those aged 85–89. The projections
by the “Alzheimer’s Disease International” indicate that 115 million people world-
wide are affected by AD/dementia.

1.7 Disability and Longer Lives

When resolving “functional impairment” or “disability,” among population
subgroups, we should particularly pay attention to geriatric populations, which
constitute the largest numbers. Recent epidemiological data reveal that a greater
understanding of the occurrence, determinants, and consequences of disability in the
older community offers insight into various preventive therapies for minimizing
disability. Disability status has also been identified as one of the most powerful tools
for estimating adverse reactions, presence and severity of multiple pathogeneses,
including physical, cognitive, and psychological, as well as their potential synergis-
tic effects on health status (Manton et al. 1986; Manton and Myers 1987).

Tools used for assessing disability were gradually adapted from those employed
in clinical research for assessing the effects of medical conditions such as stroke on
physical and mental functioning, work ability, and the need for formal and informal
care of older people. Instead of assessing basic tasks (such as standing, reaching, and
gasping) as measures of disability; activities of daily living (ADL) and instrumental
activities of daily living (IADL) are selected for assessment because they are more
essential for independent living in the community. There is no single instrument
which exactly fits into the measurement of disability. Lack of standardization of
different techniques makes it difficult to compare disability ratings across various
studies (Lauretani et al. 2008; McDermott et al. 2008; Semba et al. 2007; Bandeen-
Roche et al. 2006; Onder et al. 2005; Chang et al. 2004; Valenti et al. 2004; Ferrucci
et al. 2002; Guralnik et al. 2001; Simonsick et al. 2001).
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There are two terms being constantly employed in understanding the dynamics of
disability progression (Guralnik and Ferrucci 2003).

1. Progressive disability: Indicates passive decline of health that results from one or
more ongoing chronic conditions.

2. Catastrophic disability: Occurs instantaneously in response to stroke or hip
fracture.
A survey by the National Institute on Aging under National Institute of Health,
USA, shows that progressive disability is rising faster than catastrophic disability.
This long-term survey among the older population with severe ADL disability
observed that catastrophic disability is seen in younger people, while the propor-
tion of victims with progressive ADL disability is much higher among older
people (Fig. 1.4).

Many investigations towards the assessment of the dynamics of disability among
old people have focused on the pathological changes that trigger the onset of
disability. Theoretical pathway, one among the postulates proposed, takes away
pragmatic support and states that impairment and functional limitations, follow
disease and lead to disability. Functional limitations are fundamental to assessment
and are defined as restrictions experienced while executing basic physical and
mental activities.

Objective measures for assessment of physical performance in research and
clinical settings have been widely appreciated and regarded as indicators of func-
tional limitations and can be used to measure actual disability. Researchers claim that
objective performance is also a measure of assessment of function and disability over
a discrete period of time, across different countries and cultures.

Fig. 1.4 Percentage of “catastrophic and progressive disability among old ages
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Disability has been steadily gaining attention on account of more and more
research data being generated on disability status with complex patterns of disease,
epidemiological details, etc. Tackling disability is intimately connected to the long-
term geriatric care.

1.8 Summary

We live in a steadily aging society. The proportion of elderly citizens in the world’s
population is rising alarmingly. Modern medicine has helped us to fight disease and
prolong life, but we have been less successful in combating the debility of senes-
cence. Despite all the breakthroughs in genomics, proteomics, and metabolomics,
overcoming the disability, morbidity, and prostration in old age has been mostly
ineffective. Paradoxically, geriatric care-needs are the highest among the rich devel-
oped industrial societies. The problem is more than what meets the eye. In a few
decades from now, the developing economies, with much larger populations thriving
on a much lower income, will have to grapple with a much greater burden.
Institutionalized care of the old is not yet a priority for the developing countries.
Without technological resources, skilled workforce with multiple competencies, the
impending geriatric burden is likely to be the biggest drain on healthcare resources
and money.

Institutionalized geriatric care should become the foremost public health priority
in the very same societies where family is the exclusive care giver. Larger families
and greater intimacy between individual family members make geriatric care a part
of the accepted family norm in poorer societies. However, during the course of the
demographic transition towards nuclear families with fewer children and better
incomes, the tables have turned. The need for institutionalized care places a much
greater budgetary burden upon the government. In this context, the government
should formulate feasible strategies for training in specialized care, expanding
insurance cover, generating supportive technologies, and creating a skilled work-
force, in addition to legally empowering helpless elders who are vulnerable to
exploitation.

Conquering senility does not seem to be, at least for now, a realistic scientific
goal. Given the implications of the evolutionary baggage built into the dynamics of
survival, public health policy makers should pay more attention to the biological
compulsions along the path towards senescence. Focus should be on preventive
strategies, the looming obesity epidemic, for instance. In this context, the only way
forward appears to be a concerted effort by public health policy initiatives built on a
healthy economic foundation.

1 Demographic and Epidemiological Aspects of Aging 11
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Ageing Phenotypes 2
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Abstract

People growing old face several problems like loss of body function and
increased risk for diseases. Maintaining good health and body function is vital
for healthy ageing. Biological complexity and diversity of the ageing process
render no simple, reliable and single technique to measure someone’s healthy
ageing. Hence to know about the key features of healthy ageing, (1) the healthy
ageing phenotypes (HAP) with five domains such as physiological and metabolic
health, physical capability, cognitive function, psychological and subjective
wellbeing and social wellbeing, and (2) the way to measuring the HAP are
discussed in this chapter. This chapter covers very limited conceptual and practi-
cal problems in recognizing and measuring the healthy ageing phenotypes. In
specific, the present chapter describes some aspects of HAP, yet which is not
adequately detailed before. The conceptualization of HAP is at the early stage of
research. The data discussed in the present study helps other researchers to assess
the possible utility of the tools to measure the HAP and enable them to include
still more tools in respective domains of HAP for their enhanced assessment.
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2.1 Introduction

Ageing is a common natural biological process in all organisms, leading to progres-
sive and harmful changes in the body. The world’s population continues to age,
characterized by growth in both the number and proportion of older people. Cur-
rently, 10% of the world’s population is 60 years or above, and it is predicted that this
number will increase to 20% by 2050. The fundamental process of ageing is experi-
enced as a lethargic deterioration resulting in infirmity, illness and death. However,
the animal and human studies reveal that the process of ageing is malleable, which
can be slowed and associated with disease progression. Hence ageing has been
termed as the substrate on which age-associated diseases grow. The major
determinants of ageing process is behavioural factors (diet, alcohol consumption,
smoking and physical activity) and social factors (including relationships, roles and
support), which could robustly be linked with health and wellbeing in older age
(Khaw et al. 2008; Van Dam et al. 2008). However, scientific evidences reveal that
the long-term efficiency of pragmatic and lifestyle-based interferences alters these
two factors and thereby improves healthy and wellbeing in later life, which is still
being researched. A way to overcome this problem is to identify different
perspectives in the area of ageing research. We have accepted the conception of
‘Healthy Ageing Phenotype’ which is intended to encapsulate the potential to be
engaged socially, productive and to function separately in both physical and cognitive
levels (Franco et al. 2007). Ageing phenotype may also be defined as a state of being
alive, while having extremely conserved neuro-endocrine control systems, metabolic
and hormonal function at cellular and molecular levels (Franco et al. 2009). In
addition, the spark workshops are tactical meetings in which many scientists from
diverse disciplines and perspectives share informative knowledge, construct novel
concepts and assess alternative idea for future research activities. In this meeting, the
international expertises from complementary areas linked to ageing research assem-
ble to: (1) find definitions of the ‘Ageing Phenotype’, (2) identify possible
mechanisms to increase healthy life expectancy of the people and (3) highlight the
areas of ageing research which are important for the future (Franco et al. 2007).

2.2 Ageing: The Human Frailty

The significance of measuring changes in ageing is underlined by the fact that the
world population is ageing. Scientific literatures have reported that 29% of European
people above 65 years will be affected from ageing by 2080. This is because of the
combination of increased life expectancy and decreased birth rate (Franco et al.
2007). Indeed, many countries have elevated the age of retirement to sustain the
workforce and to diminish the pension burden linked with greater longevity. The
incessant development in the prevention of mortality as a result of advances in
income, hygiene, sanitation and infection control, nutrition, education and medicine
is generally believed to account for the increases in longevity. Moreover, ageing
plays an important role in most common complex ailments and increases the burden
of chronic disease (Franco et al. 2009). These pressures highlight the significance of
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finding ways to allow people to healthy ageing and to maintain good health and high
level of welfare. However, the progression of targeted interventions may be an
efficient additional resource and would be supportive to differentiate those who
are ageing healthy from those who are ageing unwell. Therefore, we need to assess
the healthy ageing phenotypes which help to maintain good health, improve quality
of life and economy healthcare costs and enable aged people to participate produc-
tively in society and to offer their stability, improve the capacity for synthetic
problem-solving, augmented ability to manage conflicts and ability to consider
perspectives from other age groups (Murray et al. 2015; Rowe and Kahn 2015).

2.3 Healthy Ageing Phenotypes

Advancement in healthcare systems improves the longevity of the human life but not
the fertility rates (Vaupel 2010). Globally people growing older with good health
and functioning is considered as a prerequisite for successful ageing. It is not
happening at most of the instances. Unavoidably, ageing is accompanied with social
care, more years of ill health and a high rate of medical expenses at later years of life
(Oeppen and Vaupel 2002; Yates et al. 2009). With the biological complexity, and
the heterogeneity, of the ageing process, it is also not possible to measure the reliable
healthy ageing of a particular individual with a single parameter. Also, there are no
agreed definitions or phenotypes to measure healthy ageing (Franco et al. 2009). Still
research on attaining healthy ageing associated with positive health and wellbeing in
older people are under-researched. To recognize alternative side points in attaining
healthy ageing, people from different countries, disciplines, and perspectives gath-
ered to share their knowledge in finding clear definitions of Healthy Ageing
Phenotypes (HAP), potential mechanisms and interventions and critical area to be
focused on the future on ageing research (Franco et al. 2007).

HAP is defined as the condition of being alive with proper functioning of body
systems. HAP is a multi-dimensional one and is determined by age, gender, and
environmental factors. HAP is believed to measure in five different categories:
(1) physiological and metabolic health, (2) physical capability, (3) cognitive func-
tion, (4) psychological wellbeing and (5) social wellbeing and which are assumed to
modify or reduce the premature death, prevent morbidity and disability (Fig. 2.1)
(Depp and Jeste 2006).

2.4 Physiological and Metabolic Health

Because of the changes in lifestyle and work pressure, stressors such as alcohol and
smoking become temporary relief in due course. Chronic exposure to such stressors
leads to the loss of homeostatic mechanism that is necessary to maintain the normal
body functions (Caspersen et al. 1985). Loss of such homeostatic mechanisms
eventually leads to the metabolic dysregulation, early signs of pre-disease
symptoms, if not managed, ultimately leading to the functional loss, chronic disease
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and finally death. Mortality is an ageing-related phenotype, which is often
interlinked with the result of physiological and metabolic health (Table 2.1).

Physical activity refers to the outcome of skeletal muscles movement or exercise
that consumes energy. Recent longitudinal cohorts review claimed that physical
activity has been consistently interrelated with a decrease in weight gain, obesity,
cardio metabolic diseases such as cardiovascular diseases and type II diabetes and
age-related disorders like dementia and Alzheimer’s disease (Reiner et al. 2013).
There are literatures indicating that functioning of vital organs, inflammation,
metabolic process and body mass index (BMI) are the crucial biomarkers of ageing,
associated with physiological and metabolic health. Central adiposity plays a vital
role in ageing and age-related risks. An increase in the BMI to a level of 5 kg/m2

leads to an increase in the all-cause mortality rates to 30%, vascular mortality to
40%, diabetic, renal and hepatic mortality to 50–120%. Further, higher BMI results
in impaired cognitive functions (de Hollander et al. 2012; Prospective Studies
Collaboration 2009; Gallucci et al. 2013). In addition, rise in the level of blood
pressure and glucose concentration are crucial predictors of greater ageing-related

Fig. 2.1 Mechanisms and phases of divergence from the Healthy Ageing Phenotype
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mortality, and is also connected with poorer cognitive function in later years of
living (Einarson et al. 2011; Sarwar et al. 2010). In 2002, Lewington et al. (Prospec-
tive Studies Collaboration 2002) stated that difference of 20 mmHg or 10 mmHg in
Systolic BP or Diastolic BP, respectively, is associated with twofold more mortality

Table 2.1 Tools to quantify elected domains and sub domains of the Ageing Phenotype

Domain Subdomain Tools

Physiological and
metabolic health

Cardiovascular
function

✓ Blood pressure
✓ Blood lipids

Lung function ✓ Forced expiratory volume (FEV1)
✓ Blood glucose

Glucose
metabolism

✓ Glycated haemoglobin (HbA1C)

Body composition ✓ Body mass index (BMI)

Physical capability
strength

Strength ✓ Handgrip strength

Locomotion ✓ Gait speed

Endurance ✓ Walk endurance test

Dexterity ✓ Pegboard dexterity test

Dexterity ✓ Standing balance test

Cognitive function Episodic memory ✓ Story recall
✓ Speed reaction time
✓ Symbol digit modalities test

Executive function ✓ Word list recall
✓ Paired associate learning

Life satisfaction ✓ Stroop
✓ Trail making tests A and B

Positive and
negative affect

✓ Satisfaction with life scale (SWLS)
✓ Positive and negative affect schedule
(PANAS)

Psychological
wellbeing

Quality of life ✓ Control, autonomy, pleasure and self-
realization, quality of life scale (CASP-19)
✓ WHO quality of life-BREF (WHOQOL-
BREF)

Mental health ✓ Centre for epidemiological studies depression
scale
✓ Warwick-Edinburgh mental wellbeing scale (
WEMWBS)

Resilience ✓ Psychological resilience scale

Social wellbeing Social network ✓ NIH Toolbox: friendship
✓ PROMIS: satisfaction with social roles and
activities

Social functioning ✓ Revised UCLA loneliness scale
✓ Social support behaviour scale

Perceived
emotional/social
support

✓ NIH Toolbox: emotional support
✓ Instrumental support
✓ Loneliness

Sense of purpose ✓ Perceived rejection scale
✓ NIH Toolbox: psychological wellbeing
✓ Meaning and purpose
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from several vascular causes. Lungs behavioural functions can be assessed with
biomarkers like forced expiratory volume (FEV1). But the evidence of cognitive
waning in an association of FEV1 is limited. Apart from these, there are other
biomarkers, which are used to assess the cardiovascular functions connected with
age-related disorders. However, they are still investigated on their beneficial use over
identified ones (Weuve et al. 2011; Danesh et al. 2008; Emerging Risk Factors
Collaboration 2010; Zittermann et al. 2011; Di Angelantonio et al. 2009).

2.5 Physical Capability

Cooper et al. (2010a, b) described the healthy ageing as a functional and physical
ability of one to perform day-to-day life activity normally. Hence, seizing physical
capability is an important measure to measure the HAP. Seizing physical capability
deploys variety of measurement tools that capture different functions ranging from
measuring hand strength to walking endurance. Although there are several simple
and convenient to use test like balancing, gait speed, prediction of sit-up time
longevity and so on, rise of considerable variation still question the testing protocols.
To overcome these issues, standardized protocols for assessing the motor functions
have been addressed by NIH Toolbox (Rantanen et al. 2012; Studenski et al. 2011;
Reuben et al. 2013). This NIH Toolbox has been aimed and designed to answer
standard questions from domains such as strength, locomotion, endurance, dexterity
and balance to assess the HAP through motor functions. This NIH Toolbox test is
applicable to the person above age 3. However, there are some test like timed up and
go and timed sit-to stand tests, which are mobility-specific assessment criteria in
older adults. The level of accurateness of the test largely depends on age of interest,
incorporation of broad range of test and their complexity. Looking to the recent
developments and the advancement in technology, these tests have now become
more sensitive with increased difficulties. Such test may fail in the people ageing less
healthy (Reuben et al. 2013; Hodes et al. 2013).

2.6 Cognitive Functions

Several aspects of cognitive functions decline on the onset of ageing process and
hence offer a potential biomarker that can used to assess the healthy cognitive
ageing. However, measure of these functions is highly interlinked (Salthouse
2010; Tucker-Drob and Salthouse 2011). Cognitive processing speed is an efficient
measure that calculates the overall cognitive functions (Deary et al. 2010). Assess-
ment of physical activity such as time taken for visual inspection and speeded
reaction are responsive measures to measure the cognitive processing speed and
also used to compare with the performance based measure of routine activities
(Shipley et al. 2007; Langlois et al. 2013).Other cognitive functions that contribute
unique pattern of change in response to age include episodic memory and executive
function. Indices of these functions have significant part in assessing the dementia in
later life like Alzheimer’s disease (Verhaeghen 2011; Snowden et al. 2002).
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Measuring the cognitive functions suggestion may vary among the researchers.
However, several guidances can aid in selecting the cognitive function test. Subjec-
tive rating done by the participants shows relatively insignificant results, which is
often influenced by the participant’s mood and personal thinking (Stewart 2012;
Gershon et al. 2012). Future tools measuring the cognitive functions also are able to
maximize the participants with cognitive defects. In addition, Lezak et al. (2004)
tabulated the recent advances and tools that measure the cognitive weakness.

2.7 Psychological and Subjective Wellbeing

The effects of psychological (PW) and subjective wellbeing (SW) are directly
proportional to the age of the individuals. PW and SW significantly increase at the
latter adulthood as of the cognitive and physiological dysregulation. This can be
overcome by the individual themselves to accommodate the changes of ageing and
to accept the real life situations. This phenomenon of correcting oneself in response
to PW and SW is termed as wellbeing paradox (Baltes et al. 1990). Hence, PW and
SW are potential markers of HAP, which includes the phenotypic changes and the
indices of adaptive mechanism of wellbeing. PW and SW are complementary to each
other but have separate assessment self-report. SW assesses the ability of a person in
positive terms, which includes the level of high positive thoughts (PT) and life
satisfaction and low negative thoughts (NT). PW assess the successful approaches
and their solutions to overcome the obstacles of later life (Keyes et al. 2002).

There are more evidences that validate SW as potential marker for ageing
phenotype. Meta-analyses done by Arent et al. (Arent et al. 2000) on PT and NT
in older adults were strongly evidenced SW as the marker of HAP. Moreover, there
are several tools including satisfaction with life scale and the life satisfaction index
used in intervention studies which detect the changes in the SW components in older
adults with good qualifications (Diener et al. 1985; Wood et al. 1969). However
several intervention studies have included the life satisfaction measure, the results of
those surveys ended up with lack of sensitivity and conceptual reliability. Subjective
rating of health is a dominant predictor of SW (Idler and Benyamini 1997). Particu-
larly, SF-36 (Short Form Health Survey), which assess the generic, coherent and
easily administered quality of life, is more popular among subjective rating health,
which is in intervention studies with healthier adults.

Similar to SW, the components of PW also gained considerable interest in terms
of measuring the HAP (Ryff 1989). In PW, healthy ageing in older adults can be
attained by successful commitment of age-related challenges, which include the
aspects of challenged thriving such as autonomy, self-acceptance, personal growth
and positive relation in communities. Meta-analysis also clearly indicated that,
similar to SW, the scales of PW also respond to life style intervention studies and
forecast the problems of healthy ageing (Ryff and Keyes 1995; Sin and
Lyubomirsky 2009). Resilience is a key factor that is closely related to PW and
provides a key pathway to attain successful ageing in the older adults (Windle et al.
2011). Resilience is a concept or process that aids the recovery of older adults from
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stress or trauma. This process helps the aged people to think, negotiate, manage and
adapt to a particular situation. A study byWindle et al. (Windle et al. 2008) measures
the responsiveness of the resilience process and appears to be the best suited measure
for measuring healthy ageing.

2.8 Social Wellbeing

Apart from the issues disused earlier, engagement in social relationships and per-
sonal interest are also considered as serious issues of living with proper health in
later years of life. Social wellbeing is a broad area with social relationship and
personal development, which holds a number of models for ageing components
(Rowe and Kahn 1987; World Health Organization 2015). However, though social
wellbeing is considered as key outcome in ageing process, absence of proper
definition and measures hold its ability to develop a HAP tool suitable for measuring
healthy ageing. Yet factors that contribute to social wellbeing which include inte-
gration, engagement, participation, networks, ties, connections and connectedness
suggest that active social participation is well interconnected with beneficial health
outcomes and reduced mortality rates (Moen et al. 1992; Thomas 2011; Sirven and
Debrand 2008; Kawachi and Berkman 2001; Kaplan et al. 1988; Cornwell et al.
2008). Nevertheless, some aspects of social wellbeing are crucially important and
amenable to change. In the line of measuring the HAP, this diversity has further
become a significant hindrance to the identification of appropriate measurement
tools.

In conclusion, to quantify the HAP, there is an utmost need for the development
of measurable markers that aids the intervention studies. This chapter covers very
limited conceptual and practical problems in recognizing and measuring the healthy
ageing phenotypes. In specific, the present chapter describes some aspect of HAP,
yet which is not adequately detailed before. However, holistic assessment of HAP
can be achieved by measuring the five domains of HAP such as physiological and
metabolic health, physical capability, cognitive function, psychological and subjec-
tive wellbeing and social wellbeing. Unlike domains like cognitive function, selec-
tion of subdomain and their measurements are under-developed in other areas of
HAP such as social wellbeing and have limitation in developing an appropriate tool
to measure. This study covers the maximum possible assessment of HAP. Yet, some
functions such as smell and vision have not been discussed and their reports on HAP
is very meagre. Richer et al. (Richer et al. 2011) report the perception on relation
between age and sense that modulate the sensing behaviour occurs during interven-
tion studies. In addition, the NIH tool box also dictates some criteria for sense
assessment. The conceptualization of HAP is at the early stage of research. The
data provided in the present study helps other researchers to assess the possible
utility of the tools to measure healthy ageing and enable them to include still some
tools in the respective domains of HAP for their enhanced assessment.
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Age-Related Diseases 3
Touqeer Ahmed, Abida Zulfiqar, and Sara Ishaq

Abstract

Age-related diseases occur frequently in the older population which signifies age as
a major risk factor for old age disorders. Aging itself is not a disease but there are
certain manifestations associated with aging that contribute to age-related diseases.
There are many underlying causes that exacerbate age-related disorders, they
include, inflammation, exposure to environmental pollutants, radiation, lifestyle,
and dietary conditions. These factors tend to affect different people at a different
rate and the disease progression depends on cellular aging and molecular pathways.
Some of the prominent diseases associated with aging are cardiovascular, neurode-
generative, and metabolic in nature. Currently, many research models are proposed
to determine the effect of aging on human body and how the rate of aging can be
reduced by changes in lifestyle, specially controlling the social and mental stressors
that catalyse aging by causing early cognitive impairment.

Keywords

Aging theory · Neurodegenerative diseases · Cognitive function

3.1 Normal Aging and Its Manifestations

Aging is an inevitable process. During this time, all organs tend to lose work as they
age. Therefore, aging is basically a decline in the regenerative and reparative
potential of tissues and organs. Aging takes place on various levels and there are
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factors like epigenetics and hereditary changes responsible for it (Roberts and Allen
2016). Along with this, many cells lose their function because there is an increase in
the levels of pigments and fatty substances in the cells. As aging continues the waste
materials build up inside the cells, airways and the organs become less efficient. This
altogether leads to an altered cell membrane permeability (Gemma et al. 2007).

Aging is a slow and gradual process and continues throughout our lives. All our
organs lose function with time. For example, the pumping ability of the heart of a
20 year old is about 10 times more efficient than that of a person aged 30–40 years.
Organs like heart, kidneys, and lungs undergo substantial amount of changes, and
such changes occur slowly over time (Gladyshev 2016). Whenever an organ
undergoes a lot of stress or work, it results in abnormalities like sudden heart failure.
Certain factors like medications, sudden increase in physical activity or change in
environment tends to increase the work load on the organs. Aging also makes it
difficult for the body to remove the drugs from the body as the kidneys and liver
function at a slower rate (López-Otín et al. 2013) (Fig. 3.1).

3.1.1 The Aging Theory

Aging remains an enigma for the biologists (Gladyshev 2016). Various theories have
been put forth to solve the mysteries associated with aging and its mechanisms.
According to some theories, aging results due to the ultraviolet light exposure over
time that causes injuries. Other studies have established that aging is controlled on
the genetic level. There is no single process that can explain aging, as it is a complex
phenomenon which varies and affects different people in entirely different patterns
and diverse rates (Gemma et al. 2007).
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3.1.2 Aging Cells and Their Replacement Mechanism

As cells age, they become less efficient in doing their normal duties. There has to be
a mechanism where the old cells must die, as a normal feature of the cells. This
process is called apoptosis where a sequence of reaction is initiated by the genes, that
results in cell death. This is important because only in this way, the old cells will
create room for the new ones (Saretzki and von Zglinicki 2002).

3.1.3 Telomeres and Aging

Telomeres are structures made from protein and DNA, present at the end of
chromosomes which serve to protect the overall genome from degradation. There-
fore, telomeres tend to preserve the genetic information. As part of normal cell
division, a very small region of telomere is lost. Upon reaching a certain telomeric
length, the cell senescence occurs and enters into the apoptotic phase. The telomere
length therefore, determines the lifespan of a certain cell or organism. However,
there are many external factors, i.e. lifestyle changes that may fasten this process and
brings about early aging and health deterioration. The factors responsible for early
aging and shortening of telomeres include obesity, exposure to pollution, unhealthy
diet, and stress, etc. (Shammas 2011).

The evidence for the telomere aging hypothesis comes from the finding that the
telomeres in the normal human cells (young individuals) shorten when they are
grown in cell culture (Shay and Wright 2001). Some telomeric proteins like TRF1,
TRF2, TIN2, TPP1, Rap1 are expressed almost all the time. Other proteins are
expressed transiently, for example, the telomerase enzyme. Telomerase is a reverse
transcriptase enzyme and it works by extending the 30 end by adding TTAGGG
repeats at chromosome ends. Therefore, it is important for a cell to have normal
telomerase activity so that the integrity of chromosomes is maintained. In case of
accelerated telomere shortening, manifestation of a number of age-associated
diseases like diabetes, heart failure, osteoporosis, increased cancer risk takes place
(Aubert and Lansdorp 2008).

According to studies, due to shorter telomere length, older people have three to
eight times higher affinity to encounter infectious diseases or heart related disorders.
In order to delay the signs of aging due to telomere shortening and to help protect
telomeres, a number of antioxidants can be added to regular diet. These antioxidants
are found in foods like salmon, tuna, sesame seeds, chia seeds, green tea, black
raspberries, olive fruit, kiwi, red grapes, etc. (Shammas 2011).

3.1.4 The Role of Mitochondria in Aging

Mitochondria plays a significant role in the manifestation of age-related disorders,
most importantly, the neurodegenerative diseases. Apart from energy production,
mitochondria is involved in a number of functions, like calcium homeostasis,
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oxidative phosphorylation, and cell signaling to the nucleus in states of stress. It also
participates in apoptosis and formation of cell’s free radicals. The fact that
mitochondria plays an important role in overall aging process is because it has a
reduced DNA repair capacity and has an estimated tenfold greater rate of mutation
than nuclear DNA (Haas 2019).

According to a study by Peter McGuire, the major player in aging of a cell are the
mitochondrial damage-associated molecular patterns (mtDAMPs), which when
released activates a number of proinflammatory cytokines like TNF-a, IL-1, IL-6
(McGuire 2019). This in turn results in an enhanced inflammation, declining func-
tion of T cells and susceptibility to viral infections in the older individuals (Jang et al.
2018) (Fig. 3.2).

3.1.5 Aging Organs

The optimal working of the organ depends on how well the resident cells function.
The cells that are old have altered function compared to the new cells. Also in some
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organs, the number of total cells decrease as aging proceeds, for example, in the
testes, kidneys, and liver. There are certain conditions in the elderly where the
progressive loss of nerve cells leads to neurodegenerative disorders like the
Parkinson’s disease or the Alzheimer’s disease (Wang and Bennett 2012). The
loss of function of one organ may affect the efficiency of other organ and contribute
altogether towards aging. For example, atherosclerosis results when the blood
vessels are narrowed due to the accumulation of cholesterol, as a result the organ
will not function well because the blood flow has been decreased (Gemma et al.
2007).

In the aged individuals, majority of the functions stay normal but the reduction in
overall function of organs is due to the fact that they are less able to handle different
stresses. These include extreme temperatures, strenuous physical activity, disorders,
effects of drugs, etc. (López-Otín et al. 2013).

3.1.6 Signs of Aging

As aging proceeds, different people show different sings. But some of the common
are as follows:

3.1.6.1 Sensory Changes Associated with Aging
As age advances, the risk of certain chronic hearing and vision related disabilities
also increases which results in a decline in overall health and well-being. In the UK,
about 27% (one in four) of aged adults 61–80 years suffer hearing disability
(Crimmins 2018). Among adults aged 65 years, 13% have a vision impairment.
Therefore, hearing and vision impairment is very common in aged population
around the world (Cavazzana et al. 2018). One interesting finding suggests a link
of hearing and vision impairment with disability, frailty, cardiovascular disease
(CVD). However, these impairments are said to be preventable to some extent.
The conditions like CVD, frailty, and disability can therefore be avoided if the
hearing and vision impairments are addressed in time (Liljas 2017).

3.1.6.2 Hearing Loss
Hearing loss advances with age and is said to affect over half (55%) of the adults
aged 75 years or more. Such losses can be prevented by the use of hearing aids.
Hearing loss, other than aging, also occurs due to continuous exposure to loud noise.
The loss which is age associated is called presbycusis (Huang and Tang 2010).
During this phase it is also very difficult for the people to make sense out of the
words because they cannot identify the consonants that are high pitched (k, t, s, p,
and ch).
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3.1.6.3 Vision Related Deficits
A change in a person’s vision is usually the first sign of aging. As people age, the
following vision related deficits takes place:

• The focal point of the eye becomes hard, which makes focusing on near objects
harder.

• It becomes harder to see in the dim light as the focal point becomes denser.
• The eyes generally encounter dryness as the number of cells required for lubrica-

tion of the eye, decrease in number. Tear production is also reduced.
• The number of nerve cells also reduce in number, disabling the accuracy of

perception.
• The focal point of the eye becomes yellow, it changes the way a color is perceived

in normal conditions (Fine et al. 2000).

Loss of Close Vision The elderly population, in their late 1940s usually complain
about a discomfort whenever they observe an object closer than 2 feet. This
condition is called presbyopia, where the focal point of the eye hardens. Usually,
in order to assist the eye to the center, the lens changes its shape. Because a stiffer
focal point makes focusing on the near objects very difficult. At the later stages in
life, almost everyone goes through presbyopia and needs amplifying glasses (Khan
et al. 2017).

Color Perception Changes As the focal point tends to become yellow with time,
colors are observed quite differently. It also becomes harder to differentiate between
different colors. Specially the blue color may seem more gray and the blue back-
ground is indistinguishable (López-Otín et al. 2013).

Age Aged Individuals Need for Brighter Light to View Things Consequently,
the pupil of eye reacts very slowly in response to light. A very slow reacting pupil in
the elderly makes them unable to see when they first enter a very dark room or
become blinded for few moments when they enter a very bright room. The pupil
widens and also narrows bringing less amount of light inside. This increased
sensitivity to the amount of light is because of cataracts or areas that have darkened
in the lens. Older people often see many dark spots moving in their field of vision.
These are called “floaters,” which are small regions of normal fluids that have
become solid over time. They do not usually interfere with the vision but can
cause blurry images. Not only is the function of eye affected, its physical appearance
also changes considerably (Stuen and Faye 2003).

• The sclera of the eye (white region) gradually turns brown or yellow. This
happens due to continuous exposure to wind, dust, and UV light.

• People with a darker complexion may experience random blotches in the white
region of the eye.

• Calcium and cholesterol accumulation may appear as a grayish white ring on eye
surface called arcus senilis. However, vision is not affected by this.
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• As the muscles around the eyes droop, and tendons stretch the lower eyelid tend
to hang away. This results in a condition called ectropion, which tends to interfere
with lubricating the eyeball thus making eyes dry (Liljas 2017).

3.1.6.4 Disturbances in Vestibular Functions During Aging
About 30–35% of older population suffers from the vestibular dysfunction. One
common type of vestibular disorder in the elderly is benign paroxysmal positional
vertigo (BPPV). Not only this but the elderly aged 65 face vestibular dysfunction due
to injurious falls annually. This results due to balance impairments, and the older
people experience more imbalances due to aging of the nervous system (Balatsouras
et al. 2018). Such changes also impair walking capabilities, the elderly tend to walk
with more care and slower pace to avoid any falls. The dysfunction of the vestibular
system also leads to an altered spatial navigation. Aging altogether brings about
rapid changes in the somatosensory function of an individual which manifests itself
as visual impairments, decreased strength, and cognitive decline. The older adults
are more prone to a decline in cognition and vestibular dysfunction mediates this
decline (Shaffer and Harrison 2007).

3.1.6.5 Decline in Muscle Strength as a Consequence of Aging
As the aging progresses, usually by the age of 30, the overall muscle strength
decreases. Major reduction in muscle strength takes place due to physical inactivity
and reduced levels of growth hormones and testosterone. Moreover, muscles are
unable to contract more frequently because the fast contracting muscle fibers are lost
over a period of time. A case where extreme muscle loss takes place is called
sarcopenia, which happens due to inactivity for a longer period of time, aging may
or may not play a role in this situation. The regular decline in muscle strength
accounts for about 10–15% in an adult’s life and even this can be prevented with
regular exercise and healthy lifestyle (Jaul and Barron 2017).

3.1.6.6 Immunosenescence (Age-Related Changes in the Immune
System)

Immunity play a crucial role in age-related changes, which are mediated by a chronic
inflammatory state that leads to aging of the immune cells. The immune cells like the
B cell and T cells repertoire undergoes a decline in generation, activation and results
in dysfunction. This results in an overall reduction in a body’s strength to fight with
different infections (Gruver et al. 2007). For instance, the infections of influenza and
herpes zoster are common in the elderly and its vaccine is also not very effective.
This implies the reason of slow healing of the wounds in older adults because of a
delayed immune response. The total number of macrophages, neutrophils is also
reduced resulting in an altered phagocytic activity (Jaul and Barron 2017).
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3.2 Aging Associated Diseases

What is the reason for experiencing an overall decline in mental and physical health
as aging progresses? A unit hypothesis clarifying the pathophysiology of various
degenerative abnormalities in various organs, including Alzheimer’s, Parkinson’s,
and other neurodegenerative issues, rheumatoid arthritis, atherosclerosis, and other
cardiovascular sicknesses, macular degeneration, and diabetes, has been proposed to
clarify how the physiological procedure of aging may prompt different diseases.
This idea called the “free radical theory,” at first proposed by Harman, gives the most
conceivable underlying reason for aging (Harman 1992). The fundamental reason of
this hypothesis is that aging and its related manifestations are the net result of free
radical-instigated harm and the lack of ability to balance these progressions by anti-
oxidative safeguards. The formation of reactive oxygen and nitrogen species (ROS
furthermore, RNS) initiates the transcription elements that exacerbates inflamma-
tion. The constant expression of such elements over a prolonged period leads to
targeting the cells and organs leading to aging related diseases. This oxidative
pressure and consequent incessant aggravation is a major factor that leads to majority
of the aging related illnesses (Sarkar and Fisher 2006). A summary of the aging
associated diseases and their mechanisms is given in Table 3.1.

3.2.1 Contributing Factors for Aging Related Diseases

3.2.1.1 Social and Environmental Conditions
Two important predictors for a prolonged life are wealth and marriage. On the other
hand, social seclusion envisages mortality and other hostile consequences in adults.
Around 5% of older adults in their 80’s are leading an isolated life devoid of basic
health necessities, which makes them susceptible to different diseases (Waite 2018).
Around 13% of women and 8% of men above 85 years are residing in nursing care or
other healthcare locales. These rates are decreased in recent times probably as a
result of a lesser amount of disability and enhanced care alternatives at home.

Around 17 million people worked as family caregivers and volunteers to older
adults during 2011 in the USA. Caregiving is characteristically an extended obliga-
tion and the work hours may well vary in accordance with the requirements of the
patient. Individuals suffering with dementia are in dire need of constant care
and support. Therefore, the family caregivers must have proper training, counseling,
and employment facilitation to help the elderly patients with daily chores (Jaul and
Barron 2017).

3.2.1.2 Polypharmacy and Hospitalization
Polypharmacy is described as the simultaneous use of 5 or above prescriptions to a
sole patient. Such high number of medications come with a high probability of
hostile drug reaction or drug–drug interaction. It may escalate the danger of falls,
disabilities, and other harmful consequences (Hajjar et al. 2007). The care providers
should be careful while prescribing medicines and should make note of any side
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effects, time of action, and proper dosage for the individuals over the age of 85.
Hospitalization is considered as a normal practice amongst persons over the age of
85 mostly due to functional failure of the aged. As long as extensive acute care is
taken at the home, older individuals can be saved from hospitalization and its
difficulties like: further worsening of the condition due to iatrogenic infection. In
order to avoid re-hospitalization, a routine medical checkup is important to minimize
any errors that may lead to recurring disease manifestation (Singh 2016).

3.3 Types of Diseases Associated with Aging

3.3.1 Metabolic Diseases

3.3.1.1 Cardiovascular Diseases
Cardiovascular disease accounts for one of the most prevalent diseases in the older
age. It affects the blood vessels and heart and is the leading cause of myocardial
infarction (MI), coronary heart disease (CHD), and stroke. This disease is highly
preventable if proper lifestyle measures are adopted, therefore reducing premature
death ratio. In old age, a plethora of different conditions cause many diseases,
similarly there has been a recent association of cardiovascular diseases with sensory
impairments. A common mechanism of inflammation is implicated in both these
conditions (Liljas 2017).

During the CVD, stiffness of the heart and blood vessels take place. This stiffness
does not allow the arteries to carry more blood when pumped through the heart as a
result causing increased blood pressure. This leads to an overall thickening of the
heart muscle called hypertrophy (Jaul and Barron 2017). This makes it difficult for
the heart to pump the blood, making physical activities more difficult as compared to
that of a young heart. In CVD, the thickening of the capillary walls also takes place.
This reduces the rate at which nutrients exchange takes place. The total volume of
the blood also decreases, because there is a general reduction in total body water
content as a person ages. In conditions of stress or illness, the pace at which red
blood cell production takes place is lowered. Certain conditions that make the heart
work harder include emotional stress, physical exertion, infections, and certain
medicines (North and Sinclair 2012).

An overall change in the heart structure, with aging, leads to the formation of
abnormal rhythms (arrhythmias) and are detected through ECG. Another common
abnormality is the accumulation of lipofuscin—an aging pigment which is more
common in the elderly. Because of stiffness of the heart valves, a certain disturbance
in the heart sound is also observed called as the heart murmur. Apart from this, there
are receptors in the blood vessels, called baroreceptors, these receptors help to
normalize blood pressure. These receptors also undergo aging, which explains the
reason of orthostatic hypotension in older people, a condition in which a person’s
blood pressure falls abruptly when a person goes from a lying position to standing or
sitting (Strait and Lakatta 2012).

40 T. Ahmed et al.



Common Problems Associated with Cardio Vascular Diseases (CVD)
• Hardening of the arteries (Arteriosclerosis)—fatty deposits in the blood vessels

lead to this condition.
• Angina (a type of chest pain caused due to reduced flow of blood to the heart

muscle).
• Arrhythmias (abnormal heart rhythm).
• Anemia—usually occurs due to nutritional deficits or chronic infections.
• High blood pressure/orthostatic hypotension.
• Deep vein thrombosis, blood clots, peripheral vascular disease, varicose veins are

all manifestations of the CVD.
• In the older people, congestive heart failure is also very common.
• Aortic stenosis or the aortic valve is the most common valve disease in the elderly.
• Aneurysms may also develop in one of the major arteries from the heart or in the

brain. They are caused by abnormal widening of the artery. If such an aneurysm
bursts, it may lead to death.

3.3.1.2 Cerebrovascular Disease (Strokes)
Aging tend to bring about changes in the vascular endothelium and the arterial wall.
According to recent studies, there is a reduction in vasodilatory capacity of the
vascular endothelium. The arterial wall also undergoes changes due to calcium
deposits and most importantly hypertrophy occurs that leads to an increase in
vascular stiffness (Izzo et al. 2018).

Stroke is basically a vascular disease that directly affects brain and gives rise to a
lot of manifestations. It is characterized by interrupted blood flow to the brain tissues
due to breaking or closing of a cerebral artery. In the older adults, the prevalence is
about 20–35%. In the western world, each year 10–12% deaths are caused due to
stroke. Not only this, but it is also a leading cause of dementia and disability.
Cerebral stroke tends to be a welfare issue, as the individuals are dependent upon
others for their basic necessities (Gladyshev 2016). The protective function of the
blood–brain barrier acts as a filter for the bloodstream in brain. As a person ages, the
function of the BBB is distorted, the ability to selectively uptake nutrients is
diminished. This in combination with inflammation like conditions leads to the
formation of multi-infarct dementia (MID) and other neurodegenerative disorders
(Farrall and Wardlaw 2009).

In the elderly population, the occasion of hemorrhagic events is more due a
number of vascular structural changes like aneurisms, hypertension, increased cere-
bral trauma, amyloid deposits. It is quite evident from various studies that vascular
dementia occurs in the older adults upon their exposure to a stroke or any hemor-
rhagic episode. In this type of dementia, the intellectual potential of a person is
affected. The patients who are about 60, they are at a higher risk of experiencing a
stroke associated vascular dementia, but here certain secondary conditions also
exacerbate the disease, such as hypertension, diabetes, dyslipidaemias, etc. (Jaul
and Barron 2017).
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3.3.1.3 Hypertension
Another most common disease in the older adults is the hypertension which itself is
the root cause of many other major diseases like atherosclerosis and CVD. However,
its effects can be managed by bringing about positive changes in lifestyle and eating
habits. Sedentary lifestyle and stress remains one of the prime causes for the diseases
to persist and become severe (Logan 2011).

3.3.1.4 Bone and Joint Diseases
As aging proceeds bones become less dense, such moderate loss of bone density is
called osteopenia and excessive loss of bone density is termed as osteoporosis. This
excessive loss of bone density makes the bones become fragile and are susceptible to
break even during a small accident. As estrogen (a female hormone) helps to main
the bone density in women, upon menopause, less amount of estrogen results in
further weakening of the bones (López-Otín et al. 2013).

Two other major factors that lead to the weakening of bones include reduction of
calcium levels (as the body does not absorb maximum levels of calcium from dietary
intake). Secondly, lower levels of Vitamin D further aggravate the disease. Some
bones are more susceptible to weakening as compared to others. Most commonly
affected bones include the spine bone, femur (thighbone), and radius and ulna (arm
bones at wrist). As aging progresses, there are several changes taking place at the
spine bone, which ends up in causing the head to slide forward which makes the
throat compressed. This causes hard swallowing of food, and might as well result in
occasional choking. The major reason that the older people become short is that their
vertebra becomes dense and the tissues lose the lubricant fluid, making it thin and the
spine becomes shorter (Jaul and Barron 2017).

Over the passage of time the joints become susceptible to injury because of many
years of wear and tear. Such damage to the cartilage and use of joints leads to a
condition called osteoarthritis which is the swelling and pain of joints. The joints of
knee, hips, spine, and hands are usually affected. The elasticity of the ligaments
which helps to bind the joints together is also lost with time and the tendons which
binds muscle to bone also become less elastic. This as a result causes stiffness of
joints and tissues weaken in the process contributing towards decrease flexibility and
movements are altered while carrying on everyday tasks (Crimmins 2018).

3.3.1.5 Diabetes Mellitus
As people are becoming more and more overweight with increasing age, the diabetes
rates are also increasing. The occurrence of diabetes amongst American adult
population is likely to escalate more than 4 times by 2050. Cardiovascular diseases
at the age of 85 are still influenced highly by Diabetes. Diabetes is also related
directly to peripheral arterial disease and peripheral neuropathy, major contributing
factor for diabetic foot ulcers and amputations. Every year around 6% and 0.5% of
diabetic patients suffer from diabetic foot ulcers and amputations, respectively.
Personalized management approaches are highly demanded in case of diabetes
(Meneilly and Tessier 2001). Sulfonylureas and insulin transmit a considerable
danger of hypoglycemia, therefore, the amount taken ought to be considered
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cautiously in susceptible older adults. Dosing needs may vary for patients treated
with hypoglycemic agents, especially during post-acute care or when patients are
sent from hospital to home in uncertain periods. Frequent foot inspections are crucial
for individuals with diabetes to avoid amputations. Blood circulation in the legs
likely improves with regular walking (Jaul and Barron 2017).

3.3.1.6 Cancer
Cancer tends to be the second chief reason of death in elderly. Though, by the age of
85, the death ratio of cancer starts to decrease. Still, slow growing tumors appear to
occur frequently for this age group. People respond to cancer treatment in accor-
dance to their overall health status rather than their age. People in their 1980s or
1990s must not be deprived of intensive cancer treatment just because of their
physical weaknesses (Robinson and Turner 2003).

Screening is not endorsed for breast cancer beyond 75 years, because of inadequate
evidence for a possible outcome, although this might be useful for women with higher
life expectancy. Likewise, for people above the age of 75 years, colon cancer screening
is suggested merely in circumstances when there is an extensive life expectancy and a
seemingly resilient ability to bear cancer diagnosis. Life expectancy is relatively
flexible in elderlies at any age, established on the basis of comorbidities and other
elements. Numerous false positives like identification of slow growing tumors forbid
the screening for prostate cancer (López-Otín et al. 2013).

3.3.1.7 Chronic Obstructive Pulmonary Disease
Evidence suggests that aging and illnesses due to prolonged inflammation are
closely related. Chronic Obstructive Pulmonary Disease (COPD) is a very slowly
developing disease due to prolonged inflammation of the lungs, thus, most of the
patients are aged. Aging characteristically is the consistent decay of homeostasis
which happens once the reproductive phase of life is concluded, which leads to
aggregated risk of disease. Non programmed aging, i.e. failure of organs to heal
DNA destruction due to oxidative stress or programmed aging, i.e. shortening of
telomere due to repeated cell division may cause the disease (López-Otín et al.
2013). Pulmonary function gradually declines with aging due to increased pulmo-
nary inflammation, along with physical changes, inferred as senile emphysema.
Ecological fumes, for instance, smoke of cigarette or various pollutants, may well
hasten the aging of lungs by the formation of molecules such as histone deacetylases
and sirtuins which subsequently prompts accelerated development of COPD (Gan
et al. 2004).

3.3.1.8 Age-Related Macular Degradation
This disease affects the vision of the older adults. In this disease macula is affected,
which is the part of retina where all nerve cells exist in close connection and
therefore this is the region where the eye focusses the images that we observe.
Therefore, this area is responsible for developing a clear and sharp focused image
with fine details. The macula is affected as we age and it affects people over 65 years
of age causing blindness or vision loss (Jaul and Barron 2017).
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3.3.1.9 Blood Production
Aging declines the amount of active bone marrow cells, where new blood cells are
formed. So, the blood cells production reduces. However, the bone marrow typically
produces sufficient blood cells all the way till death. Issues may surface at a time
where there is an increased requirement for blood cells, for example, during anemia,
infection and/or severe bleeding happens. Under such conditions, when large
amount of blood cells are needed at old age, bone marrow might show limited
capacity to meet the higher blood cells demand (López-Otín et al. 2013).

3.3.1.10 The Immune System
The action of cells of the immune system retards with aging. Immune cells have a
capacity to recognize and then remove foreign substances, for instance, bacteria,
viruses, or cancer cells. Due to the reduction in the number of immune cells, certain
manifestations occur in the aging adults as following (Gruver et al. 2007).

• Cancer is found commonly amongst older people.
• Older people are more frequently effected by some infections, for instance:

influenza and pneumonia resulting more often in death. Moreover, vaccines
seem to be less protective for older people though influenza, pneumonia, and
shingles vaccines may provide some level of protection (Khan et al. 2017).

• Allergic symptoms are not very severe. Eventually, due to the poor performance
of the immune system, autoimmune disorders are less likely to occur.

3.3.2 Psychological and Cognitive Diseases

3.3.2.1 Frailty Syndrome
Frailty is a very common clinical syndrome associated with increasing age and leads
to health conditions like: falls, hospitalization, incident disability, and mortality. In
theory, frailty is a clinically detectable state of amplified vulnerability caused by
aging related decay in reserve and function across multiple physiologic systems so
that the capacity to handle daily or acute stressors is compromised (Xue 2011).
According to Fried et al. frailty is a condition where the body of an adult meet three
out of five phenotypic conditions representing compromised energetics: (Fried et al.
2001)

• Low grip strength.
• Low energy.
• Slowed waking speed.
• Low physical activity.
• Unintentional weight loss.

Modern efforts on frailty have enhanced the level of understanding on the aging
process and its possible biological connection. The operational definition of frailty,
its domains either cognitive or physical and its correlation with aging, disabilities,
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and prolonged sicknesses indicate that additional effort is required for improved
understanding of frailty. Nonetheless, researchers and clinicians agree upon the
strong effect of frailty on elder individuals, their caretakers and overall society.
Though precise cures for frailty are still to be explored, the pre-existing medical
methods offer convenient ways to identify prone people, which may lead to better
treatment by keeping in view specific vulnerabilities and susceptibility for adverse
health consequences (Xue 2011).

Regular exercising in order to strengthen the muscles can somehow delay loss of
muscle mass and strength which contributes to frailty. On the contrary, being
physically inactive, especially extensive bed rest during a disease, can significantly
contribute to the muscle loss (Gladyshev 2016).

3.3.2.2 Cognitive Aging
By the age of 85, things like: difficulty in finding words, short-term memory loss,
and slower processing of information are noticed quite often. Such regression in
cognitive abilities can upset driving capabilities and may as well cause financial
exploitation. Such manifestations can also lessen ability to cognize complex medical
information. There is no uniform rate at which brain ages and typical cognitive aging
may not lead to dementia. There are few functions like altruism, empathy, knowl-
edge, and wisdom which generally increase with normal aging, giving the elderly a
chance at society (Langa 2018).

3.3.2.3 Dementia
Chances of dementia rise with increasing age. Over the years, death toll from
Alzheimer’s disease have escalated than that for cardiovascular disease. The occur-
rence of dementia is estimated to increase to 131 million by 2050 over the globe.
Even though dementia screening seems to possess inadequate clinical benefit as
treatments are just marginally effective, however, provides alternates for improve-
ment of public health. Several adults continue to live with dementia and might
possibly be living precariously (Jaul and Barron 2017). The Folstein Mini-Mental
State Examination though is frequently used tool to analyze dementia but it
comprises numerous limitations. Individuals with dementia require chances for
thinking incentive, caretaker’s sustenance and perhaps evolved equipment to keep
them safe (Waite 2018).

3.3.2.4 Dementia Including Alzheimer’s Disease
In the USA, Alzheimer’s disease is presently ranked to be the sixth foremost reason
of death, however, recent assessments show that the disease may hike up to the third,
after heart disease and cancer.

Dementia is most commonly caused by Alzheimer’s in the elderly. Dementia is the
loss of behavioral capabilities and cognitive activities like thinking, remembering, and
reasoning so much so that it obstructs an individual’s day-to-day life’s activities.
Severity of dementia may increase when it is mildly affecting a person’s functioning,
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to the most severe stage, where the person essentially depends on someone else even
for the very basic chores of everyday life (Karantzoulis et al. 2011).

Numerous studies are being conducted to understand excessively about various
biological traits of Alzheimer’s. Progresses in brain imaging allows scientists to
comprehend the growth and extent of atypical amyloid and tau proteins in the living
brain, along with alterations in brain structure and functioning. Researchers are also
determining the very primitive stages in the development of sickness by understand-
ing deviations in the brain and body fluids which can be used to diagnose
Alzheimer’s symptoms before they actually surface (Langa 2018).

The question that why Alzheimer’s occur in the elderly is yet to be answered.
Researchers are trying to find relevant reasons as to how the changes occur with age
inside the brain like: inflammatory actions, reduction of specific parts of the brain,
mitochondrial malfunctioning, creation of unstable free radicals and vascular dam-
age that may cause harm to the neurons and affect other brain cells leading to
Alzheimer’s disease (Karantzoulis et al. 2011).

3.3.2.5 Parkinson’s Disease
Age is one of the most important players for the manifestation of Parkinson’s disease
(PD). The exact source of PD is yet unidentified, still the researchers rely on the fact
that it results due to the amalgamation of some genetic and other external factors
which are yet to be specified. PD disturbs numerous regions of brain and body. The
death of neurons in brain region called the substantia nigra pars compacta and
consequently reduced levels of dopamine are mostly accountable for motor
symptoms like: shivering, stiffness, and loss of impulsive movement (Nussbaum
and Ellis 2003). Investigations have revealed that the substantia nigra pars compacta
displays high damage of neurons than other areas of the brain. Furthermore, with
aging, organelles’ become nonproductive leading to the accumulation of waste
products that cannot be recycled and hence destroy the neurons (Reeve et al. 2014).

It is assessed that individuals with PD lose around 80% or even more of the
dopaminergic neurons establish the motor symptoms. Consequently, over the time,
the altered functioning of mitochondria and other organelles lead to the buildup of
abnormal forms of alpha-synuclein which can possibly cause loss of neurons leading
to motor symptoms (Jaul and Barron 2017).

3.3.2.6 Depression
Depression is not a standard outcome of aging. Sorrow may be some usual reaction
to life activities that befall with aging like: grief, pensiveness, damage to cognition,
social and/or physical attributes that lead to sickness. Major depression is common
all the way through maturity but their occurrence rates decline between the age of
60 and 80, rising again after that. Occurrence of depression above the age of 85 is
twice the rate between 70 and 74. Depression is more likely in the elderly who are
confined to in old houses and the individuals with disabilities (Alexopoulos 2005).
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Various approaches are implied for the diagnosis and treatment in order to reduce the
amount of suffering, improve overall attitude of an individual, and lower the chances
of suicide. Suicide rates amongst 85-year-old white Americans are extremely
common.

3.4 Conclusion

The process of aging is universal but not the same in all the individuals. Various
manifestation of aging, for example, decline in vision and auditory patterns, slow
processing of information, lack of coordination can be addressed in a better way if
proper awareness is created among the elderly. This would not only help the patients
but also prepare the caretakers to manage all sorts of unforeseen problems.

Social and mental stressors are also a major cause of early aging. Timely
addressal of these issues may prevent isolation, cognitive decline, and depression
leading to suicide. Regular exercising should be a part of routine to strengthen the
muscles and prevent disabilities during later life. Maintaining a balanced body
weight by taking care of the diet may increase the total well-being of an individual
as the incidence of diseases like osteoarthritis, diabetes, and CVD become less
likely. People should be facilitated in such a way that in coming times, individuals
over the age of 85 profit from home-based facilities and technologies along with
innovative conveyance and housing facilities prospects for social contribution, plus
plans to support family caregivers.
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Assessment of Nutritional Status in Older
People 4
Giuseppe Annunziata, Angela Arnone, and Luigi Barrea

Abstract

Assessment of the nutritional status is a crucial item in the management of elderly
people and a fundamental tool to improve life span. Elderly, indeed, are more
prone to develop malnutrition, mainly due to a progressive cognitive decline,
impaired metabolism pathways, reduced food intake, and physical activity. This
causes severely affected body composition and clinical outcomes, resulting in
vicious cycle that worsens the quality of life. An accurate nutritional assessment
should be based on a step-by-step evaluation of all clinical outcomes, including
evaluation of clinical signs, blood parameters, nutritional status, anthropometric
parameters, and body composition. In this chapter, we eviscerated all these items,
providing a useful and practical support for nutritional assessment in old subjects.

Keywords

Nutrition · Nutritional assessment · Elderly · Body composition · Malnutrition

G. Annunziata (*)
Department of Pharmacy, University of Naples Federico II, Naples, Italy
e-mail: giuseppe.annunziata@unina.it

A. Arnone
Dipartimento di Medicina Clinica e Chirurgia, Unit of Endocrinology, Federico II University
Medical School of Naples, Naples, Italy

L. Barrea
Dipartimento di Medicina Clinica e Chirurgia, Sezione di Endocrinologia, Università Federico II di
Napoli, Naples, Italy

# Springer Nature Singapore Pte Ltd. 2020
S. M. Nabavi et al. (eds.), Nutrients and Nutraceuticals for Active & Healthy Ageing,
https://doi.org/10.1007/978-981-15-3552-9_4

53

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-3552-9_4&domain=pdf
mailto:giuseppe.annunziata@unina.it
https://doi.org/10.1007/978-981-15-3552-9_4#DOI


Malnutrition is a common pathological condition in elderly. It is characterized by a
general imbalance of energy or single macro- or micronutrients, resulting in affect-
ing body composition, functional and clinical outcomes. One of the main direct
consequences of malnutrition is a decrease in both muscle and bone mass,
accompanied with further complications, including immune dysfunction, cognitive
decline, anemia, and higher hospitalization and mortality. An accurate evaluation of
the nutritional status is necessary in order to increase life span. Nutritional status
assessment in older people should include several outcomes, including clinical
assessment, blood parameters, nutritional assessment, anthropometric parameters,
and body composition, as discussed below.

4.1 Clinical Assessment

The general clinical assessment is mainly aimed to individuate eventually the
presence of malnutrition, which is indicated by several clinical signs. In particular,
subjects are generally thin with dry scaly skin and poor wound healing. In addition,
patients present thin hair, spooned and depigmented nails, edema, and generalized
bone and joint pain. In absence of these specific clinical signs, physician may deduce
that patient is properly nourished.

4.2 Blood Parameters

During a clinic visit, evaluation of blood parameters is fundamental in order to
elucidate both the metabolic assessment and the nutritional status of elderly patients
(Table 4.1). Liver-derived proteins are recognized as direct markers of nutritional
assessment, including albumin, transferrin, retinol-binding proteins, and total lym-
phocyte count. Among these, albumin is commonly used in the clinical practice,
since it provides information about protein malnutrition and predicts mortality in
elderly. Normal albumin values ranged from 3.5 to 5 g/dL; values less the normal
range may indicate several pathological conditions, such as malnutrition, inflamma-
tion, infections, liver or renal disease, enteropathies, edema, hypothyroidism, or zinc
deficit. However, albumin has a long half-life (about 20 days), thus it is not useful
and sensitive to monitor short-term changes in the nutritional status. In this line, as
prealbumin (normal range 16–36 mg/dL) has a shorten half-life (about 2–3 days)

Table 4.1 Normal range
of selected markers related
to the nutritional status

Parameter Normal range

Albumin (g/dL) 3.5–5.0

Prealbumin (mg/dL) 16–36

Transferrin (mg/dL) 212–360

Retinol-binding protein (mg/dL) 2.6–7.6

Total lymphocyte count (n�/m3) �1800
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than albumin, monitoring its levels in addition to the general clinical assessment may
be useful for the evaluation of the nutritional status in elderly.

Compared to albumin, transferrin is more sensitive for evaluation of protein–
energy malnutrition in elderly. Normal values ranged from 212 to 360 mg/dL; higher
values may indicate an iron deficit, while lower values are indicative of malnutrition,
anemia, liver and renal disease, and enteropathies. Transferrin half-life is about
8–10 days, thus it is more sensitive than albumin to monitor short-term changes in
the nutritional status.

4.3 Nutritional Assessment

Information regarding the eating habits in elderly may be obtained using the same
dietary assessment methods used for young people, although strength and limitations
are present, as shown in Table 4.2. However, these interviews should be performed
by qualified Nutritionists, in order to minimize record errors and to obtain the best
information.

Although these are the main standard methods used, some authors suggested and
validated several adaptions in order to improve the quality of data obtained, includ-
ing the Mediterranean Diet Adherence Screener (MEDAS), 14-item (in Spain) or
21-item (in Iceland) FFQ. These adaptions showed to be highly sensitive and quicker

Table 4.2 Strength and limitation of the main dietary assessment methods for evaluation of the
nutritional status in elderly

Dietary
assessment
method Description Strength Limitations

24-h recall
(24 hrs)

During the interview
subjects recall all foods
eaten in the previous 24 h

Practice, rapid,
simple

Only one day food intake is
recorded and it does not
reflect the patient’s typical
diet; in addition, cognitive
impairment may affect the
records

7- or 3-day
food record

Subjects are asked to
record for 7 or 3 days all
foods and beverages
consumed during the day.
Foods and beverages
should not to be measured,
but house measures should
be reported (i.e., spoon,
glass, etc.)

More detailed,
reflects the
patient’s dietary
habits

Subjects might report foods
and beverages at the end of
the day, and this affects the
record. Subjects should be
instructed to complete the
record as soon as they
finish eating the meal

Food
frequency
questionnaires
(FFQs)

This is a multiquestion
questionnaire aimed to
evaluate food intake
during an established time
period

Suitable for
evaluation of
groups or
epidemiological
studies

Not suitable for evaluation
of individuals; a large
number of questions
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than the standard methods. Additionally, further questionnaires such as the “Appe-
tite, Hunger and Sensory Perception Questionnaires (AHSPQ)” and “‘Simplified
Nutritional Appetite Questionnaire (SNAQ)” have been proposed in order to evalu-
ate the dietary intake taking into account the possible age-related anorexia, which
affect a large number of elderly subjects.

4.4 Evaluation of Anthropometric Parameters and Body
Composition

After evaluation of clinical signs, blood parameters, and nutritional habits, the next
step in the nutritional assessment is the valuation of anthropometric parameters,
focusing the attention of both body weight and composition. In malnourished elderly
subjects, indeed, a progressive body weight loss occurs, which may be due to:

• Wasting: involuntary weight loss due to reduced dietary intake.
• Cachexia: involuntary fat-free mass (FFM) or body cell mass (BCM) loss, mainly

due to enhancement of catabolic pathways. This results from increased release of
cytokines (mainly inflammatory interleukins) that impairs both hormonal and
metabolic status, increasing the resting energy expenditure. In particular, a negative
nitrogen balance occurs due to increased amino acids from muscle to the liver,
gluconeogenesis, and a shift of the production of albumin to acute phase proteins.

• Sarcopenia: is a decline in muscle mass (MM), mainly due to reduced physical
activity, altered hormonal status, and increased cytokine release. In particular,
decreased levels of glucocorticoids, sex hormones, and catecholamine are
accompanied by increased pro-inflammatory cytokines release and acute phase
proteins levels, resulting in breakdown of muscle.

The first approach is represented by the evaluation of the body mass index (BMI),
which results from the ratio between weight (expressed in kg) and the square of the
height (expressed in m2). According to the World Health Organization, subjects with
a BMI < 18.5 are underweight, 18.5–24.9 are normal, 25–29.9 are overweight,
and > 30 are obese. A J-shaped association has been established between BMI and
mortality, resulting in increased risk for lower or higher BMI. Generally, BMI tends
to increase from 18 to 65 years old, with a subsequent inverted trend in elderly,
although they are more prone to loss MM and accumulate fat mass (FM). Elderly,
thus, may have a normal BMI characterized by excessive FM, in a kind of paradox
obesity, which significantly increases the risk of metabolic (such as diabetes or
insulin-resistance) or cardiovascular diseases.

Although BMI is a rapid, quick, and direct method for an initial nutritional
assessment, it is not free of limitations; mainly BMI does not allow identifying an
unintentional weight loss and does not provide information about the body compo-
sition. In this context, further approaches, including circumference and skinfold
measurement are useful in order to estimate the amount of FM and FFM, and to
monitor them. Among these, tricipital skinfold and arm circumference can be used in
the same formula to calculate the arm muscular area, which reflects the lean mass,
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while mid-upper arm circumference is an indicator of malnutrition, using the
Haboubi–Kennedy formula.

Bioelectrical impedance analysis (BIA) is recognized as the best method for
evaluation of the body composition. As BIA is a useful, validated, rapid, inexpen-
sive, and non-invasive method, its use is common in both clinical practice and large
population studies, also for elderly. Specifically, BIA is based on the measurement of
the resistance provided by the body against the passing of an electric current,
providing a direct estimation of body water and its intra- and extracellular reparti-
tion; additionally, by indirect formulas, estimation of FFM, FM, and MM can be
extrapolated. For nutritional assessment in older people bioelectrical impedance
vector analysis (BIVA) has been licensed since it provides further information
about hydration status and BCM. Differently from conventional BIA, BIVA
provides a resistance (R)-reactance (Xc) graph, normalized by height, that
categorizes subjects in four quadrants, as shown in Fig. 4.1.

In Fig. 4.2 are represented by way of example the BIVA of four subjects (two
elderly and two middle-aged, M/F), BMI- and gender-matched. Importantly, among
the parameters obtained by BIA and BIVA, phase angle (PhA), directly derived from
R and Xc, represents a valid tool to the evaluation of nutritional assessment in
elderly. PhA, indeed, is a valid indicator of inflammation and mortality in several
chronic diseases; in addition small PhA values are indicative of malnutrition,
cachexia, and/or anorexia.

Fig. 4.1 BIVA graph
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Fig. 4.2 Typical BIVA graph and BIA parameters of middle-aged and elderly of both gender
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Fig. 4.2 (continued)
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Abstract

Aging is accompanied with the incidence of wide range of disease. The best
strategy to combat aging and related deteriorative pathologic conditions is nutra-
ceutical interventions. Several dietary compounds and nutraceuticals (dietary fibre,
probiotics, fatty acids, antioxidant vitamins, polyphenols, spices, and essential trace
elements, etc.) have proven to be beneficial in abating age-related diseases and
decelerating aging process. The protective mechanism of these compounds are
related to their activities in improving intestinal microbial balance, reducing blood
cholesterol, increasing defence systems against oxidative damage in living cells, as
well as their role in normal cellular structure and function regulated by enzymes,
transporters, sensors and metal-binding molecules.

In this chapter, we will discuss the most abundant researches focused on the
effect of nutrients and nutraceuticals in prevention or ameliorating the progres-
sion of selected age-related disease including cardiovascular disease, diabetes,
neurodegenerative disease, ocular aging, cancer, skin aging, respiratory disorders,
immune restoration disease and tooth aging. We attempted to elucidate mecha-
nistic information on the molecular targets of each dietary compound in
contracting aging disease.
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5.1 Introduction

The biological process of aging is associated with numerous diseases such as
diabetes, cancer, neurodegenerative disease, cardiovascular problem, macular
degeneration, and osteoporosis (Fulop et al. 2010). The age-related diseases are, in
fact, the clinical manifestation of abnormal molecular changes that disrupt cellular
and organismal function in aging population.

Nowadays the traditional concept of aging is changing and aging is considered as
a disease rather than simply being a natural biological phenomenon. Based on the
emerging concept, aging is a deteriorative pathologic condition characterized by a
group of associated symptoms. Disregard of being a pathologic or a natural process,
the important issue in medical science is to prevent age-related disease by treating
the early stages of the pathology. Besides standard medical treatments and preven-
tative medications, many nutrients and nutraceuticals have shown to influence aging
symptoms (Meydani 2001, 2002). Recent review published by Bruce Ames (2018)
has proposed specific nutrients such as plant and the marine antioxidant carotenoids,
the fungal antioxidant ergothioneine, bacterial metabolites pyrroloquinoline quinone
and queuine as the keys to longevity and that reduce risk of chronic disease and
premature aging (Ames 2018).

Here we will discuss recent findings on most widely studied nutrients and
nutraceuticals that assist to prevent age-related diseases and decelerate aging pro-
cess. We categorized nutrients based on their contributions to different age-related
symptoms (Fig. 5.1).

Fig. 5.1 Nutrients and nutraceuticals prevent age-related diseases and decelerate aging process
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5.2 Nutrients and Nutraceuticals Interventions Influence
Age-Related Cardiovascular Disease

Nutraceuticals or ‘dietary supplement’ influencing vascular aging and the cardiac
vascular system can be categorized into the dietary fibre, probiotics, fatty acids,
vitamins, polyphenols, spices and essential trace elements (Table 5.1).

5.2.1 Dietary Fibre

Source of dietary fibre are fruits, vegetables and whole grain capable of reducing the
risk of coronary heart disease (CHD) (Greenwood et al. 2013), coronary artery
disease (CAD) (Steffen et al. 2003), cardiovascular disease (CVD) (Lairon et al.
2005), hypertension (HTN) (Whelton et al. 2005) and reducing total serum low
density lipoprotein (LDL) level (Das et al. 2012). Soluble dietary fibre (SDF) such as
pectin, β-glucan, oat bran, guar gum and psyllium are known to reduce total and
LDL cholesterol level (Brown et al. 1999). Oat function in controlling systolic blood
pressure and diastolic blood pressure, blood lipid, fasting glucose and insulin level
(Anderson et al. 2004), likewise, viscous fibres such as glucomannan is known to
reduce indirectly the risk of heart diseases by reducing body weight (Birketvedt et al.
2005).

In general, dietary fibre executes protective effect against vascular ageing and
cardiac problem by several mechanisms. SDF reduces blood cholesterol level by
preventing bile salt reabsorption into enterohepatic circulation thereby promoting
faecal excretion leading to hepatic bile acid depletion (Rideout et al. 2008). This
stimulates hepatic cholesterol catabolism to replenish bile acid that ultimately
induces cholesteryl esters metabolism and increases LDL surface membrane
receptors leading to uptake blood LDL and thus decreases cholesterol level. More-
over, SDF reduces glucose and macronutrient absorption through negatively affect-
ing their digestion, delaying gastric emptying and slowing transport of digestive
enzyme. Moreover, SDF undergoes anaerobic bacterial fermentation to produce
short-chain fatty acids (SCFA) and such fermentation products are also capable of
reducing plasma cholesterol level by declining HMG-CoA reductase activity
(Gunness and Gidley 2010). Dietary fibre also executes a protective effect on the
cardiovascular system by reducing inflammation via reduced inflammatory cytokine
production (North et al. 2009).

5.2.2 Probiotics

While imbalance of gastrointestinal microbiota has been associated with pathogene-
sis of CVD, a diet supplement of living microbes i.e. ‘probiotic’ could improve
intestinal microbial balance (Thushara et al. 2016). Probiotics prevent vascular
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Table 5.1 Mechanisms of nutraceuticals in reducing risk of CVD disease

Nutraceuticals Example Mechanisms

1. Dietary fibre

1. Insoluble dietary
fibre (IDF)

Celluloses, hemicelluloses,
lignins

– Increase faecal bile acid
excretion, reduce cholesterol,
fatty acid absorption (Brown et al.
1999; Gunness and Gidley 2010)
– Bacterial fermentation

products inhibit HMG CoA
reductase (Gunness and Gidley
2010)
– Reduce glucose absorption,

insulin secretion (Anderson et al.
2004; Keenan et al. 2002)
– Reduce inflammation and BP

(Gunness and Gidley 2010; North
et al. 2009)

2. Soluble dietary
fibre (SDF)

β-Glucans, pectins, gums,
mucilages, hemicelluloses

2. Probiotics

1.
Hypocholesterolemic
probiotics

Streptococcus thermophiles,
Enterococcus faecium,
L. acidophilus, Bifidobacterium
longum, L. casei, Saccharomyces
boulardii, L. curvatus,
L. plantarum, L. reuteri

– Reduce inflammation
(Ejtahed et al. 2011)
– Reduce BP (Gomez-Guzman

et al. 2015)
– Reduce blood glucose level

(Saez-Lara et al. 2016)
– Reduce BMI, fat mass (Saez-

Lara et al. 2016)
– Reduce LDL-cholesterol

ratio (Kiessling et al. 2002)
– Increase LDL/HDL ratio

(Kiessling et al. 2002)
– Inhibit ACE (Daliri et al.

2017; Chen et al. 2014)reduced
NO and ROS production (Daliri
et al. 2017; Chen et al. 2014)

2. Antidiabetic
probiotics

Lactobacillus reuteri,
L. plantarum, L. casei,
L. acidophilus, Bifidobacterium
lactis, L. rhamnosus, B. bifidum

3. Antihypertensive
probiotics

L. casei, Streptococcus
thermophilus, L. plantarum,
L. helveticus, Saccharomyces
cerevisiae, L. acidophilus,
L. fermentum, L. bulgaricus

4. Antiobesity
probiotics

Lactobacillus, Curvatus,
L. plantarum, L. rhamnosus,
Bifidobacterium animalis ssp.
Lactis

3. Prebiotics Chicory roots, banana, tomato,
alliums, beans, peas

– Promote Lactobacillus and
Bifidobacterial growth (Tsai et al.
2014)
– Improve lactose tolerance,

blood lipids and cholesterol level
(Das et al. 2012)

4. Polyunsaturated
fatty acids

1. Omega 3 fatty acids
(α-linolenic acid (ALA),
eicosapentanoic acid (EPA),
docosahexanoic acid (DHA))
2. Omega 6 fatty acids

–Hypocoagulation (Leray et al.
2001)
– Liver lipid peroxidation,

inhibit lipogenesis (Leray et al.
2001)
– Antiarrhythmic, reduce

arterial fibrillation (Calo et al.
2005)
– Anti-inflammatory (Endo and

Arita 2016)

(continued)
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ageing and risk of CVD by its hypocholesterolemic, antidiabetic, antihypertensive
and antiobesity effects. Probiotic strains of lactic acid bacteria including
Pediococcus acidilactici, Bifidobacterium adolescentis, Lactobacillus rhamnosus
and Lactobacillus acidophilus reduce the risk of CVD by stimulating bile salt
hydrolase leading thereby maintaining the normal concentration of cholesterol,
LDL, and TG in plasma (Tsai et al. 2014). It was reported that daily consumption

Table 5.1 (continued)

Nutraceuticals Example Mechanisms

– Promote fatty acid oxidation
(Rodriguez-Cruz et al. 2005)

5. Antioxidant
vitamins

Water soluble: Vitamin C
Lipid soluble: Vitamin E and
carotenoids (lycopene,
β-carotene, lutein, zeaxanthin)

– Free radical scavengers (Lee
et al. 2018)
– Inhibit oxidative chain

reaction initiation/propagation
(Lee et al. 2018)
– Vasodilation, improves blood

flow (Axton et al. 2018)

6. Polyphenols Flavonols, flavones, flavan-3-ols,
flavanones, anthocyanins,
flavonoids, phenolic acids,
resveratrol, tea, legumes,
soyabean, broccoli, red pepper

– Antioxidant, antiarrhythmic
(Moskaug et al. 2005; Ganesan
and Xu 2017)
– Anti-inflammatory,

antidiabetic and anti-
hyperlipidaemic (Ganesan and Xu
2017)

7. Spices Onion, garlic, fenugreek seeds,
turmeric, capsaicin, curcumin,
cumin, eugenol, ginger, gingerol,
mustard, piperine, fennel,
coriander, mint, asafoetida

– Reduce Ca2+ influx
intracellularly (Esmaeili et al.
2017)
– Anti-inflammatory,

antioxidant (Oboh et al. 2019;
Dhivya et al. 2017)
– Antihypertensive,

antithrombotic (Peixoto-Neves
et al. 2015; Mnafgui et al. 2016)
– Inhibit thromboxane B2

production (Wu et al. 2018)
– NOS and cyclooxygenase

suppression (Wu et al. 2018)
– Inhibit ACE, α-amylase,

α-glucosidase (Oboh et al. 2019)
– PPAR-γ activation (Ma et al.

2017)
– Inhibition AKT and GSK3β

(Ma et al. 2017)

8. Essential trace
elements

Ca, Mg, Na, K, P, Cl, S, Fe, Zn,
Mn, Cu, I, Ni, F, V, Cr, Mo, Se,
Su, Si

– Enzyme function, endothelial
function, normal organ function
(Baker 2017)
– Regulates movement of Na+,

K+ and Ca2+ through voltage-
gated ion channels (Baker 2017)
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of 300 g daily yoghurt, supplemented with L. acidophilus and Bifidobacterium
longum could increase serum HDL and LDL/HDL cholesterol ratio (Kiessling
et al. 2002). Likewise, fermented milk products containing L. acidophilus,
S. thermophilus, L. rhamnosus, S. thermophilus, L. rhamnosus, S. thermophilus,
Enterococcus faecium could lower blood LDL level (Agerholm-Larsen et al. 2000).
Moreover, hypocholesterolemic effect has been observed in healthy adult after
weeks intervention with L. rhamnosus probiotic (Kekkonen et al. 2008).

Probiotic has shown to exert antihypertensive effect through inhibition of
angiotensin-converting enzyme (ACE), reducing inflammation and optimizing
serum lipid level. Consumption of dairy sour milk containing L. helveticus and
Saccharomyces cerevisiae has shown to reduce systolic and diastolic blood pressure
in elderly patients (Hata et al. 1996).

Obesity is another risk factor for vascular ageing and cardiac problem. Microbial
imbalance in the gut leads to weight gain and aberrant gene expression related to
lipid and carbohydrate metabolism resulted in metabolic syndrome (John and Mullin
2016). Probiotic has beneficial health effects on intestinal microbial ecology and
protects against obesity mainly by affecting fat mass, improving insulin resistance
syndrome, insulin sensitivity, carbohydrate metabolism, fasting blood glucose and
metabolic disorder (Saez-Lara et al. 2016). Obese mice on a probiotic diet
demonstrated a reduction in obesity by modulating genes associated with liver
metabolism and tissue inflammation (Park et al. 2013a). Also in another study it is
shown that probiotic supplemented with L. rhamnosus helps in obesity prevention
by controlling appetite and related behaviors in obese individual (Sanchez et al.
2017). Although probiotics are generally found to be safe for most of the
populations, few side effects such as systemic infections, aberrant metabolic activity
and immune overstimulation were reported in susceptible individuals (Didari et al.
2014).

5.2.3 Prebiotic

Prebiotic dietary fibrs serves as a carbon sources for microbiota. The well-studied
prebiotics are fructo-based oligosaccharides found in almost 15% of flowering
plants. While they are not digested in gastrointestinal tract, prebiotic supplementa-
tion modulates the balance of gut microbiota generally by promoting Lactobacillus
and Bifidobacterial growth, ultimately influencing human health (Das et al. 2012).
Prebiotic supplementation reduces cardio-metabolic risk by improving dysbiosis
of microbiota, and improving blood lipid profile and cholesterol level (Das et al.
2012).
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5.2.4 Fatty Acids

Polyunsaturated fatty acids (PUFA) are essential fatty acids required for mainte-
nance of good health that obtained externally from different food. While corn,
safflower oil and soy are the rich source of Omega 6, fish, canola oil, flaxseeds are
known for their high omega-3 content (Rodriguez-Cruz et al. 2005). Different
studies have shown the cardioprotective effect of PUFAs as well as its preventive
role in vascular ageing and overall risk of mortality (Das et al. 2012; Pigarevskii
1977). Omega 3 unsaturated fatty acid supplementation (2 g/day) before and after
coronary artery bypass graft (CABG) has shown to reduce the incidence of postop-
erative atrial fibrillation (AF) and length of hospital stay in patients (Calo et al.
2005). Another study revealed that PUFAs reduced blood triglycerides (TG) level by
promoting fatty acid oxidation and inhibiting lipogenesis (Cruz et al. 2005). PUFAs
containing fish meals clearly showed a protective effect against coronary heart
disease by decreasing blood viscosity, platelet aggregation, inflammation, TG and
cholesterol blood level (Oelrich et al. 2013). There are also studies indicating the
possible role of Omega 3 in preventing arrhythmias by modulating sodium and
calcium channels in the cell membrane (Demaison and Moreau 2002).
Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), the long-chain
omega-3 fatty acids are known for their cardioprotective effects (Sherratt and
Mason 2018).

5.2.5 Antioxidant Vitamins

The free radical theory of aging is considered as one of the most important and
prominent theories of the aging process. According to this theory, aging is the result
of prolonged life-long accumulation of cellular damage caused by reactive oxygen
species, therefore, leading to increased risk of disease and eventually disability as the
final unset of aging. There are two antioxidant defence systems against oxidative
damage in living cells. The superoxide dismutase, catalase, and glutathione
peroxidases are considered the first defence pathway function as antioxidant
enzymes, and there are non-enzymatic antioxidants such as the thioredoxin, gluta-
thione, vitamins A, C, E, lycopene, lutein, polyphenols, quercetin, that are taken
from wide range of dietary nutrients and supplements (Prakash and Gupta 2014a;
Obrenovich et al. 2011).

An imbalance of ROS/RNS generation resulting in cytokines release leads to
inflammation, oxidative damage and thereby increased risk of vascular ageing and
CVD (Salehi et al. 2018). Fruits and vegetables are rich in dietary antioxidants and
vitamins. Water-soluble vitamin C and lipid-soluble vitamin E are free radical
scavengers that were clearly associated with reduced risk of CVD development
(Sesso et al. 2008). The natural pigments carotenoids including β-carotene, zeaxan-
thin, lutein, and lycopene are efficient singlet oxygen quencher (Nishino et al. 2016,
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2017; Chang et al. 2013a; Kawata et al. 2018). Lutein prevents cardiac injury in
diabetic rats by preventing oxidative stress markers (Sharavana et al. 2017). Dietary
lycopene significantly reduces the risk of CHD and stroke (Song et al. 2017). Based
on recent findings, ascorbic acid induces generation of NO, the inducer of vasodila-
tion and blood flow improvement from glyceryl trinitrate (GTN), suggesting a role
for ascorbic acid in nitrate therapy (Axton et al. 2018).

5.2.6 Polyphenols

The rich source of dietary polyphenols includes cereals, dill plants (barley, maize,
nuts, oats, rice, cluster maize, wheat, seeds and beans), oilseeds (turnips, canola oil,
Flax seeds and olive seeds), fruits and vegetables including grapes, strawberries,
legumes, soybean, broccoli, red pepper and a variety of drinks (juices, tea, coffee,
cocoa, beer and wine) (Katalinic et al. 2006; Prakash and Kumar 2011). Common
polyphenols including flavonols, flavones, flavan-3-ols, flavanones, anthocyanin,
flavonoids, phenolic acids and resveratrol are known for their beneficial health
effects. Polyphenols with antioxidant properties are involved in prevention of certain
degenerative diseases including vascular ageing and CVD (Scalbert et al. 2005a). It
was shown that flavonoids, the plant polyphenol that modulate the expression of γ
glutamylcysteine synthetase assist the synthesis of wide range of cellular antioxidant
(Moskaug et al. 2005). Red grasp, eucalyptus, poplar, blueberries, white currant,
peanuts and red wine are among rich herbal sources of resveratrol. Resveratrol could
block the release of intracellular Ca2+ and maintain cardiomyocytes contractile
function that accounts for its antiarrhythmic property (Stephan et al. 2017). Also,
polyphenols in tea are considered beneficial to decrease risk of ischaemic heart
disease (Li et al. 2017). Lentils and legumes are other sources of polyphenol
compounds possessing antioxidant, anti-inflammatory, antidiabetic and anti-
hyperlipidaemia properties (Ganesan and Xu 2017). Higher apple, pear, red wine
and strawberries consumption are associated with reduced inflammation
demonstrating the anti-inflammatory property of dietary flavonoids (Cassidy et al.
2015). Recent meta-analysis study revealed that food plants rich in anthocyanins
could significantly reduce serum total cholesterol (TC), TG, LDL level in patients
with dyslipidaemia patients (Liu et al. 2016).

5.2.7 Spices

Spices have been used as flavouring, colourant, appetite stimulant and medicine
since long (Jessica Elizabeth et al. 2017). Asafoetida, capsaicin, cumin, curcumin,
coriander, eugenol, fennel, fenugreek seeds, garlic, ginger, gingerol, mint, onion,
piperine and turmeric have shown a protective effect against vascular ageing and
CVD. Asafoetida acts as a potent vasodilator by reducing Ca2+ influx through
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plasma membrane Ca2+ channels (Esmaeili et al. 2017). Curcumin is a bioactive
component of turmeric that demonstrated anti-inflammatory, antioxidant and healing
properties as it helps in decreasing LDL and risk of atherosclerosis. It has a
vasodilating effect via indirect impact on prostacyclins and directly on vascular
endothelium (Zdrojewicz et al. 2017; Jiang et al. 2017). Several animal studies
reported cardamom, coriander, turmeric and ginger for their important role in
preventing and controlling CVD (Rastogi et al. 2017; Kulczynski and Gramza-
Michalowska 2016). Clove, nutmeg, bay and basil leaf and cinnamon are sources
of eugenol. Eugenol was recognized for antihypertensive properties as it reduces
systemic blood pressure and causes vaso-relaxation by activating transient receptor
potential cation channel (TRPV4), reduces inflammatory mediator proteins and
increases heart activities of superoxide dismutase and GPx (Peixoto-Neves et al.
2015; Mnafgui et al. 2016).

Ginger has antithrombotic activity via inhibition of platelet aggregation and
thromboxane B2 production. It increases vasoprotection via suppression of nitric
oxide synthase and cyclooxygenase (Wu et al. 2018). White and purple onion similar
to garlic exerts antidiabetic and antihypertensive properties and were considered as
strong antioxidant agents (Oboh et al. 2019). Extract of coriandrum sativum was
shown to be effective in prevention of myocardial infarction by inhibiting myofibril-
lar damage (Patel et al. 2012). Moreover, coriander the herb in the family Apiaceae
was evaluated for its diuretic activity mediated through cholinergic and Ca (2+)
antagonist mechanisms proposed it as a candidate for hypertension treatment (Jabeen
et al. 2009). Piperine prevents cardiac fibrosis by peroxisome proliferator-activated
receptor-γ (PPAR-γ) activation and inhibition of protein kinase B (AKT) and
glycogen synthase kinase 2β (GSK3β) (Ma et al. 2017). It also possesses antioxidant
and antidyslipidaemic action (Dhivya et al. 2017).

5.2.8 Essential Trace Elements

Essential trace elements are nutritionally vital minerals that have functional role in
several biochemical and physiological processes. They are classified into macro and
microelements based on their relative concentrations in plant tissue.

Nitrogen (N), phosphorus (P), potassium (K) and calcium (Ca), magnesium
(Mg) and sulphur are among the group of microelements. Intake of high calcium,
magnesium and potassium has been associated with prevention of hypertension,
heart failure (HF) and diabetes (Houston and Harper 2008). Magnesium is the fourth
abundant cation in the human body that regulates the movement of Na+, K+ and Ca2+

through voltage-gated ion channels. Magnesium supplementation was suggested for
the treatment of arrhythmia (Baker 2017). It was found that sodium and calcium
dysregulation leads to tachyarrhythmia and the onset of sudden cardiac death
(Wagner et al. 2015). Consumption of white vegetables and potatoes, the rich source
of dietary potassium was associated with reduced risk of stroke (Weaver 2013).
Hypophosphatemia has been found to be associated with multiple organ dysfunction
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including acute HF (Keskek et al. 2015). Despite their vast majority important role in
health, long-term imbalance of macro-element could initiate biochemical
disturbances leading to cardiovascular abnormal pathophysiology.

Microelements include iron (Fe), zinc (Zn), manganese (Mn), copper (Cu), iodine
(I), cobalt (Co), nickel (Ni), fluorine (F), vanadium (V), chromium (Cr), molybde-
num (Mo), selenium (Se), tin (Su) and silicon (Si) (Prashanth et al. 2015). Despite
the vital role of iron in blood haemostasis, many studies indicated the association
between increased body iron level and incidence of a broad spectrum of chronic
conditions including cardiovascular disease.

Adequate amount of zinc is required for normal cellular structure and function via
cellular signalling regulated by Zn transporters, sensors and Zn binding molecules.
Zn dyshomeostasis leads to myocardial ischaemia/reperfusion injury (Xu and Zhou
2013). Manganese, the cofactor for broad range of enzymes including manganese
superoxide dismutase (MnSOD), arginine synthase, pyruvate carboxylase and other
mitochondrial antioxidant enzymes is vital for normal cardiac contractility and
function (Fang et al. 2016).

Copper is less abundant than iron though very important for many cellular
processes e.g. mitochondrial respiration, antioxidant capacity and iron oxidation.
Dietary Cu deficiency decreases cardiac cytochrome oxidase activity, O2 consump-
tion and mitochondrial membrane potential while increasing ROS formation causing
cardiac hypertrophy (Rines and Ardehali 2013). Iodine is the essential element in the
synthesis of thyroid hormones, therefore, its deficiency causes aberrant thyroid
function affecting cardiovascular haemodynamics and cardiac function (Barbesino
2018).

Selenium regulates thyroid hormone metabolism and redox state of cells. It also
acts as a chemo-preventive agent by reducing oxidative stress, DNA damage and by
increasing the activity of natural killer (NK) cells (Das et al. 2012). Dietary Se
deficiency was associated with Keshan disease, foetal cardiomyopathy (Chen 2012).
While Se is of fundamental importance to human health, high blood Se level causes
fatigue, hair loss, irritability and nerve damage (Das et al. 2012).

In short, aforementioned elements are essential in trace amount for normal and
healthy cardiac health while excess or deficiency will lead to vascular aging and
cardiovascular diseases.

5.3 Nutrients and Nutraceuticals Interventions in Preventing
Respiratory Disorder and Immune Restoration

Unhealthy eating habits, low physical activity level, smoking and overall poor
lifestyle increase the risk and progression of respiratory disorders. Nutrition is
important for healthy lung development and prevents respiratory illness-related
morbidity and mortality. Several nutritional interventions have proven to be benefi-
cial in abating respiratory diseases via restoring immunity (Karim et al. 2017).
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5.3.1 Dietary Fibre

Fermentation of soluble dietary fibre in large intestine helps in improving immunity
(Galisteo et al. 2008). Complex saccharide-based molecules of dietary fibre generate
various bioactive materials such as SCFAs that change the composition of gastroin-
testinal tract flora and biomass thus responsible for immunomodulation
(Kaczmarczyk et al. 2012). SCFAs exhibit anti-inflammatory effect through the
activation of free fatty acid receptors (Halnes et al. 2017). Consistently, taking
soluble fibre meal in patients suffering from asthma showed decreased level of
airway inflammation biomarkers and improved lung function. Adequate fibre diet
demonstrated a balance of Th1/Th2 immunity that help attenuates allergic inflam-
matory response (Zhang et al. 2016a). Diet rich in fruits, vegetables and cereals is
associated with healthy lung function and reduced risk of chronic obstructive
pulmonary disease (COPD) and respiratory symptoms (Fonseca Wald et al. 2014;
Hanson et al. 2016). Despite several benefits, there are limited reports on dietary
fibre-induced food intolerances and respiratory allergies (Shewry 2009).

5.3.2 Probiotic

Intestinal microenvironment interacts far beyond local environment involved in
physiology and pathology of many organs including immune and respiratory system
(Marsland et al. 2015). Being efficient immunopotentiators, Lactobacilli and
Bifidobacteria probiotics were shown to regulate immune response and reduce the
allergic response (Kim et al. 2005).

The link between gut microbiome and microbial composition of lung has been
confirmed in many studies. Indeed, probiotics help to prevent respiratory disease
owing to their immunomodulatory capacity to exert beneficial effect on dendritic cell
phenotype and other pathways involving T cells, natural killer cells and alveolar
macrophages (Forsythe 2014). A recent study revealed the effect of probiotic
consumption in preventing the risk of Pseudomonas aeruginosa induced
ventilator-associated pneumonia (VAP) (Bo et al. 2014). Similarly, long-term con-
sumption of fermented milk supplemented with Lactobacillus casei is reported to
subside allergic rhinitis and asthmatic symptoms among children (Ivory et al. 2008).
The possible mechanism for reducing allergic rhinitis attributes to reduced TNF-α,
IFN-γ, IL-12 and IL-13 (Chen et al. 2010). Consumption of fermented milk fortified
with Lactobacillus paracasei demonstrated improvement in the quality of life (QOL)
of allergic rhinitis patients by reducing nasal swelling and symptoms (Ishida et al.
2005). In another study, oral administration of Lactobacillus plantarum
demonstrated a reduction in airway hyperresponsiveness, asthma and systemic
allergic response by lowering serum IgE level, regulating Th1 response and improv-
ing IL-2, IFN-γ and reducing IL-4, IL-5, IL-3 (Liu et al. 2014). Probiotic
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supplementation also improves vascular endothelial growth factor (VEGF)
supporting lung microvascular development and angiogenesis (Ahmad et al. 2014).

5.3.3 Prebiotics

There are limited studies about the effect of prebiotics on alleviating respiratory
diseases. The role of prebiotic supplementation in reducing allergy is yet uncertain
(Cuello-Garcia et al. 2017). Based on a recent study, prebiotic bimuno-
galactooligosaccharide (B-GOS) supplementation was effective in reducing airway
inflammation markers among adults with asthma and hyperpnoea induced
bronchoconstriction (HIB) (Williams et al. 2016). Prebiotics could reduce the level
of proinflammatory cytokines while mostly act indirectly by changing the composi-
tion of gut microbiota. It should be noted that their overall effect is expected to have
an individualized response (Dey 2017).

5.3.4 Fatty Acids

Several preclinical and clinical studies have demonstrated the preventive role of
PUFA in airways inflammation, chronic respiratory diseases, exercise-induced
bronchoconstriction (EIB) and HIB. Prenatal supplementation of omega 3 PUFA
could protect against lung injuries by preventing hyperoxia and bronchopulmonary
dysplasia in newborn rats (Sharma et al. 2015). Nutritional support with omega
3 rich diet was suggested for COPD as it was demonstrated to reduce LTB4, TNF-α,
IL-8 level (Matsuyama et al. 2005). Omega 3 PUFA precursors such as
eicosapentaenoic acid monoacylglyceride, docosahexaenoic acid
monoacylglyceride and docosapentaenoic acid monoacylglyceride revealed benefi-
cial effect in chronic airway inflammatory diseases (Khaddaj-Mallat et al. 2016).

Resolvins, an active metabolite of omega 3, were shown to mediate resolution of
acute lung injury indicating the therapeutic potential of these compounds in inflam-
matory disorders (Moro et al. 2016). The protective role of resolvin against allergic
airway inflammation was related to its suppressing effect on IL-23 and IL-6 produc-
tion, and its regulatory role on interferon γ level (Aoki et al. 2008, 2010).

EPA/DHA rich diet reduces neutrophil, chemokine and IL-6 levels therefore
decreased the mortality rate by preventing pulmonary bacterial load and protecting
lungs against pulmonary Pseudomonas aeruginosa infection in mice models
(Tiesset et al. 2011). EPA in comparison to DHA is found to be a more potent
inhibitor of the inflammatory response in human asthmatic alveolar macrophages
(Mickleborough et al. 2009). Lipid extract of green lipped mussel is a rich source of
n–3 PUFA that was shown to have a beneficial effect in patients with atopic asthma
(Emelyanov et al. 2002). Fish oil supplementation showed a protective effect on EIB
by reducing cytokine level (Mickleborough et al. 2006).
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5.3.5 Antioxidant Vitamins

Vitamin C prevents and treats respiratory and systemic infection through different
mechanisms. It acts as a cofactor for many enzymes involved in anti-microbial
activity such as neutrophils chemotaxis, phagocytosis, ROS production. It facilitates
infection clearance by macrophages, decreasing necrosis and preventing tissue
damage. It is also responsible for the proliferation of B and T cells and contributes
to innate and adaptive immunity (Carr and Maggini 2017). Several studies
demonstrated that taking vitamin C reduces episodes of common cold among
physically active people; it also exerts a protective role against pneumonia, upper
respiratory tract infections (URTIs) and the development of bronchial asthma
(Raposo et al. 2017; Hemila 2017; Johnston et al. 2014; Ginter and Simko 2016).

Vitamin E supplementation showed protective effect against common cold and
pneumonia (Hemila 2016; Meydani et al. 2004). Low serum level of vitamin A, D
and E is reported among children with recurrent respiratory tract infection (RRTI)
(Zhang et al. 2016b). Maternal vitamin E intake during pregnancy is reported to
protect children from developing asthma in the first 10 years (Allan et al. 2015).
Vitamin E also restores T cell function, inhibits PGE2 production, and enhances
immune function, therefore showed therapeutic effect in patients with influenza
infection (Wu and Meydani 2014). Consumption of vitamin C and E demonstrated
a beneficial effect on peak expiratory flow rate (PEFR) of asthmatic children
(Su et al. 2013).

Lutein is a fat-soluble carotenoid found in green leafy vegetable and eggs. Lutein
intake is associated with lower FEV1/FVC% in smokers probably due to its antioxi-
dant property that showed to be helpful for respiratory health (Melo van Lent et al.
2016, 2017). Lycopene demonstrated the strong inhibitory effect on C. trachomatis
and C. pneumoniae infections in alveolar macrophages (Zigangirova et al. 2017).
Also, ranges of animal and human studies confirmed its protective effect against
asthma and allergic inflammation in the lungs (Riccioni et al. 2007; Hazlewood et al.
2011). Lycopene-rich tomato extract was shown to be helpful in subsiding asthma
symptoms (Wood et al. 2008). Some of the aforementioned examples support the
therapeutic role of antioxidant vitamins for the healthy respiratory system.

5.3.6 Polyphenols

Flavonoids supplementation was shown to be effective in reducing the incidence of
URTIs by 33% (Somerville et al. 2016). They exhibit an inhibitory effect on various
enzymes involved in cell signalling via modulation of redox status and preventing a
respiratory burst of phagocytes (Ciz et al. 2012). Flavones therapeutic effect on
URTIs was also attributed to their antibacterial and anti-inflammatory potential.
They modulate the respiratory innate immune system through increasing ciliary
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beating and mucociliary clearance in airways cells (Hariri et al. 2017). Studies have
shown the bacteriostatic effect of resveratrol on Haemophilus influenzae (NTHi), the
well-known gram-negative bacteria involved in the pathogenesis of COPD (Euba
et al. 2017).

Polyphenol possesses a natural tendency to prevent and treat influenza infection
through inhibition of viral adhesion, penetration, intracellular transduction signalling
pathways, viral haemagglutination though suppressing viral replication cycle
(Bahramsoltani et al. 2016). Polyphenols in tea and extract of Chaenomeles sinensis
were also reported to have antiviral activity against influenza A and B virus (Yang
et al. 2014; Sawai-Kuroda et al. 2013).

Gold kiwifruit, a rich source of a wide range of nutritional components such as
vitamin C, E, folate, polyphenols and carotenoids was shown to be effective in
reducing duration and severity of URTIs symptoms in older individuals (Hunter
et al. 2012). Polyphenols of pomegranate have antioxidant and anti-inflammatory
potential and were considered as a therapeutic option for respiratory diseases (Danesi
and Ferguson 2017). Apple polyphenols inhibit cigarette smoke-induced acute lung
injury and improve QOL among COPD patients (Bao et al. 2013). Consumption of
nonalcoholic beer containing naturally occurring polyphenols demonstrated to
reduce the incidence of URTIs before and after marathon (Scherr et al. 2012).
Study on respiratory epithelial cells and nasal mucosa clearly showed the positive
effect of polyphenols such as gingerol, quercetin and epigallocatechin gallate on
normal nasal ciliary movement and inhibition of mucus secretion (Chang et al.
2010). Isorhapontigenin, the analogue of resveratrol found in Chinese herb Gnetum
cleistostachyum, is another dietary polyphenol which is known as novel nutrition for
COPD treatment based on its anti-inflammatory properties (Yeo et al. 2017).

5.3.7 Spices

Variety of spices have been reported for their therapeutic activity in modulating
immune response and protecting the respiratory system (summarized in Table 5.2).

Capsaicin, the component in chili peppers possesses the antioxidant and anti-
inflammatory effects that could attenuate lung ischaemia-reperfusion injury (Wang
et al. 2012). Intranasal application of capsaicin was shown to be beneficial for
patients suffering from non-allergic rhinitis (Stjärne et al. 1991). Also, oral capsaicin
could be used to prevent cough sensitivity and symptoms (Ternesten-Hasseus et al.
2015).

Curcumin benefits the respiratory system through several mechanisms. It inhibits
porcine reproductive and respiratory syndrome virus (PRRSV) and influenza A virus
(Han et al. 2018; Du et al. 2017). Curcumin pretreatment also protects against
S. aureus infection by activating plasminogen activator inhibitor-1 preventing neu-
trophil infiltration, lung oedema and vascular leakage (Xu et al. 2015). It possesses
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Table 5.2 Mechanisms of nutraceuticals in preventing respiratory disorders

Nutraceuticals Example Mechanisms

1. Dietary fibre

Insoluble dietary fibre
(IDF)

Celluloses, hemicelluloses, lignins – Balancing Th1/Th2 (Zhang
et al. 2016a)
– Activation of GPR41 &

GPR43 (Halnes et al. 2017)
– Inhibiting histone

deacetylases (Maslowski and
Mackay 2011)
– Inhibiting activation of

transcription factor NF-кB
(Maslowski and Mackay 2011)
– Inducing cytokines

(e.g. IL-10) (Round and
Mazmanian 2010)
– Inducing Treg cells (Round

and Mazmanian 2010)

Soluble dietary fibre
(SDF)

β-Glucans, pectins, gums,
mucilages, hemicelluloses

2. Probiotics

Hypocholesterolemic
probiotics

Streptococcus thermophiles,
enterococcus faecium,
L. acidophilus, Bifidobacterium
longum, L. casei, Saccharomyces
boulardii, L. curvatus,
L. plantarum, L. reuteri

– Induce epithelial cell mucin
secretion (Mack et al. 2003)
– Reduce TNF-α, IFN-γ,

IL-12, IL-13 IL-4, IL-5, IL-3
(Chen et al. 2010)
– Improve VEGF (Ahmad

et al. 2014)
– Facilitate microvascular

development and angiogenesis
(Ahmad et al. 2014)

Antidiabetic
probiotics

Lactobacillus reuteri,
L. plantarum, L. casei,
L. acidophilus, Bifidobacterium
lactis, L. rhamnosus, B. bifidum

Antihypertensive
probiotics

L. casei, streptococcus
thermophilus, L. plantarum,
L. helveticus, Saccharomyces
cerevisiae, L. acidophilus,
L. fermentum, L. bulgaricus.

Antiobesity
probiotics

Lactobacillus, Curvatus,
L. plantarum, L. rhamnosus,
Bifidobacterium animalis ssp.
Lactis

3. Prebiotics Chicory roots, banana tomato,
alliums, beans peas

– Increasing anti-
inflammatory cytokines
– Decreasing

proinflammatory cytokines
– Changing composition of

gut microbiota (Dey 2017;
Shokryazdan et al. 2017)

4. Polyunsaturated
fatty acids

1. Omega 3 fatty acids (α-linolenic
acid (ALA), eicosapentanoic acid
(EPA), docosahexanoic acid

– Reduce mucus secretion
(Mickleborough et al. 2006)
– Reduce LTC4-LTE4, PGD2,

(continued)
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Table 5.2 (continued)

Nutraceuticals Example Mechanisms

(DHA))
2. Omega 6 fatty acids

IL-1β, TNF-α, LTB4

(Matsuyama et al. 2005)
– Reduce pulmonary bacterial

load (Tiesset et al. 2011)
– Producing proinflammatory

cytokines (Hsiao et al. 2013)
– Upregulating anti-

inflammatory cytokine
(Khaddaj-Mallat et al. 2016)

5. Antioxidant
vitamins

Water soluble: Vitamin C
Lipid soluble: Vitamin E and
carotenoids (lycopene, β-carotene,
lutein, zeaxanthin)

– B and T cells proliferation
(Carr and Maggini 2017)
– Antioxidant (Melo van Lent

et al. 2016, 2017)
– Decrease cytokine,

chemokine, ROS, serum IgE
level (Walrand et al. 2005)

6. Polyphenols Flavonols, flavones, flavan-3-ols,
flavanones, anthocyanins,
flavonoids, phenolic acids,
resveratrol, tea, legumes, soyabean,
broccoli, red pepper

– Maintain normal nasal
ciliary movement (Hariri et al.
2017)
– Inhibits mucus secretion

(Chang et al. 2010)
– Inhibit replication cycle of

influenza virus (Bahramsoltani
et al. 2016)
– Bacteriostatic effect on

NTHi (Euba et al. 2017)

7. Spices Onion, garlic, fenugreek seeds,
turmeric, capsaicin, curcumin,
cumin, eugenol, ginger, gingerol,
mustard, piperine, fennel,
coriander, mint, asafoetida

– Inhibit Cox-2, proteasome,
NF-кB activation (Obata et al.
2013)
– Regulating Wnt/β-catenin

signalling (Yang et al. 2017;
Zhang et al. 2016c)
– Inhibit caspase-3 signal

activation (Zin et al. 2012)
– Reduce proinflammatory

chemokine and cytokines (Han
et al. 2018)
– SuppressTh2-mediated

immune response (Podlogar and
Verspohl 2012; Khan et al.
2015)

8. Essential trace
elements

Ca, Mg, Na, K, P, Cl, S, Fe, Zn,
Mn, Cu, I, Ni, F, V, Cr, Mo, Se, Su,
Si

– Altered gene expression
(Maciel-Dominguez et al. 2013)
– Enzymatic detoxification of

peroxides (Voicekovska et al.
2007)
– Increase phagocytosis by

neutrophils and macrophages
(Maggini et al. 2007)
– Increase NK cell activity

(Maggini et al. 2007)
– Increase Th1 response

(Maggini et al. 2007)
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therapeutic activity against lower respiratory tract infection caused by respiratory
syncytial virus (RSV) (Obata et al. 2013). Animal studies also reported curcumin
benefits in reducing asthma symptoms and COPD associated alveolar and epithelial
injury by regulating Wnt/β-catenin signalling in lung tissues and dendritic cells
(Yang et al. 2017; Zhang et al. 2016c). It also protects lung epithelial cells from
oxidative stress and cellular damage associated with environmental carcinogen such
as benzopyrene (Zhu et al. 2014).

Eugenol is a methoxyphenol component of clove oil that could inhibit NF-кB
activation, Cox-2 and inflammatory cytokine expression in lipopolysaccharide-
stimulated macrophages and is therefore shown to be effective in
lipopolysaccharide-induced lung injury (Magalhaes et al. 2010). This compound
also protects from pulmonary tissue damage associated with environmental diesel
exhaust particles (Zin et al. 2012). Ginger extract possesses anti-hyperactivity, anti-
inflammatory and bronchodilator activity on airways (Mangprayool et al. 2013). It
reduces inflammation during infection by reducing proinflammatory chemokine
secretion and suppressing the Th2-mediated immune response (Podlogar and
Verspohl 2012; Khan et al. 2015). Fresh ginger has also demonstrated dose-
dependent inhibition of human respiratory syncytial virus (HRSV) (Chang et al.
2013b). Despite several benefits, occupational exposure to spice could act as dust
allergen responsible for chronic respiratory symptoms, such as a cough, chest
tightness, irritated and dry throat (Zuskin et al. 1992, 2000).

5.3.8 Essential Trace Elements

Several clinical and preclinical studies have reported the importance of essential
trace elements in modulating the immune system and protecting the respiratory
system against environmental toxins and pathogens. An imbalance of trace elements
e.g. Se, Mn and Zn leads to a longer duration of mechanical ventilation in COPD
patient (El-Attar et al. 2009). Se positively supports the immune system of the body
via various mechanisms. Indeed, Se is a component of selenoproteins and antioxi-
dant enzymes such as glutathione peroxidases and thioredoxin reductase (Maciel-
Dominguez et al. 2013). Its deficiency decreases immunoglobulin titers affecting
cell-mediated immunity (Maggini et al. 2007).

Cu, Zn cytoplasmic antioxidant enzymes play a vital role in cellular cytosolic
defence during oxidative stress (Maares and Haase 2016). Disturbed Zn homeostasis
results in the impaired formation, activation, maturation of lymphocytes that could
negatively affect overall innate hose defence mechanism (Bonaventura et al. 2015).
Studies have shown the association between Cu deficiency as well as iron deficiency
with unfavourable immune response indicating the significant role of these elements
in normal immune function (Maggini et al. 2007).
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5.4 Nutrients and Nutraceuticals Interventions in Preventing
Aging of Brain and Neurodegenerative Disease

Aging is considered as the major risk factor for neurodegeneration and neuronal
death disorders including Parkinson’s disease, Alzheimer’s disease (AD), Multiple
sclerosis and Huntington’s disease. The mechanisms involved in neurodegenerative
diseases are multifactorial and complex. Previous studies have shown the impor-
tance of the circulatory system in accelerating brain aging and impaired cognitive
function (Wyss-Coray 2016). Intracellular Ca2+ overload caused by endoplasmic
reticulum, mitochondrial dysfunction, oxidative stress and excessive ROS produc-
tion, inflammation, and mutation in nuclear and mitochondrial DNA are among the
well-studied molecular mechanisms attributed to neurodegenerative disorders
(Dadhania et al. 2016).

So far, the available therapeutic strategies for mitigating neurodegenerative
processes including hormone replacement therapy, stem cell therapy and pharmaco-
logical therapy are often associated with long-term unknown adverse effects. There-
fore, there is clearly an urgent need to find safer and risk-free medication option to
conquer the age-related neurodegenerative disorders (Dadhania et al. 2016).
Nutrients and nutraceuticals are bioactive ingredients with the potential to modulate
different intracellular and extracellular signalling cascades that play role in preven-
tion of age-related neurodegenerative disorders. The following are the most widely
studied nutrient and nutraceutical mediators in this field.

5.4.1 Fatty Acids

Due to the diversity of lipids in structure and function, they could have different
effects on physiologic and pathologic conditions (Creegan et al. 2015). It was shown
previously that palmitic acid has negative health effect on the normal brain and could
upregulate the production of ceramide, a pro-apoptotic lipid which is elevated in the
AD brain tissue (Han et al. 2002). On the other hand, diets enriched with polyunsat-
urated fatty acids (PUFAs) such as docosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA) in fish oil showed neuroprotective effects with anti-
inflammatory and antithrombotic properties (Celik and Sanlier 2019). Indeed, stud-
ies have shown that the level of DHA in serum decreased through enhancing age.

5.4.2 Carbohydrates

There is a positive correlation between fructose content in sweetened food and
enhancing the rate of obesity-metabolic disorders, which are risk factors for the
progression of AD (Creegan et al. 2015). Based on studies by van der Borght et al.
(2011) on animal models, the increased sucrose or fructose consumption in rats diet
induces apoptosis in neural hippocampus that leads to the reduction of the number of
mature neurons (Van der Borght et al. 2011).
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5.4.3 Vitamins

Vitamin C, the essential nutrients with antioxidant properties plays a protective role
against AD (Liu and Ames 2005). Numerous studies have shown decreased level of
vitamin B1, and thiamine in the brain of patients with neurodegenerative disease,
particularly AD (Gibson and Blass 2007; Gibson et al. 1988). Thiamine deficiency
has also been associated with increased lactic acid level in brain, resulted in
decreased neurotransmitters activity (Amrein et al. 2011). Vitamin B2 (riboflavin)
has a key role in restoring glutathione antioxidant capacity and declining oxidative
stress, therefore involved in inhibition of AD progression and development (Liu and
Ames 2005). The other vitamin with known protective properties in the brain is B3

(niacin) which has a vital role in dendritic growth and myelination as well as Ca2+
signalling (Morris et al. 2004).

Many studies have suggested the effectiveness of Vitamin B6 (pyridoxine), folate
and Vitamin B12 consumption in reducing homocysteine levels in elderly people
and decreasing risk of Alzheimer’s disease (Luchsinger et al. 2008). Moreover,
vitamin B12 (cobalamin) deficiency has shown to affect brain function via demye-
lination (Liu and Ames 2005).

Previous studies on the aged population with poor memory have shown a
decrease in the serum level of vitamin E (Poulose et al. 2017). Vitamin E with
antioxidant and anti-inflammatory features can regulate neurogenesis (Poulose et al.
2017). There are also studies on the implementation of vitamin A (retinoic acid)
supplementation in the treatment of AD (Shudo et al. 2009). Vitamin A mediates
regulation of microglial activation and production of α-secretase and acetylcholine
transmission (Shudo et al. 2009).

Vitamin D protects the structure of neurons and upregulates synthesis of
neurotrophin proteins, a family of proteins essential for neural survival (Buell and
Dawson-Hughes 2008).

Vitamin K is effective in neuronal protection, myelinization and mitogenesis in
the brain. It has been shown that in patients with AD, the level of vitamin K in serum
decreased. Moreover, consuming a vitamin K-rich diet could be beneficial for
improvement of memory in older adults (Celik and Sanlier 2019; Soutif-Veillon
et al. 2016).

5.4.4 Essential Trace Elements

Selenoproteins, containing selenium in the form of selenocysteine, exert different
positive effects on human health, such as detoxification of heavy metals, antioxidant
properties and modulation of immune function. Deficiency of these proteins was
associated with reduced cognitive function. Selenium has a significant role in the
brain through modifying DNA methylation by inhibition of DNA methyltransferase
(Athanasopoulos et al. 2016). The level of selenium in serum and hair of AD patients
was lower compared to the normal cases (Koc et al. 2015).
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In vivo study on zinc diet demonstrated that the zinc deficiency is a risk factor for
neurodegenerative disease and AD (Loef et al. 2012). Magnesium can protect the
brain against neurodegenerative diseases and is known as one of the best memory
supplements for improving brain function. Also, magnesium has shown an inhibi-
tory effect on amyloid-β formation and development of AD (Chui et al. 2011).

5.4.5 Key Nutraceuticals

A clinical link has been established between nutraceuticals and neurodegenerative
disorders. Curcumin as a strong antioxidant compound is the major compound of
turmeric, a plant native to southeast Asia has different therapeutic effects on neuro-
degenerative diseases along with diabetes, liver disease, arthritis and various cancers
(Ghosh et al. 2015). Curcumin with the ability to cross the blood–brain barrier has
shown to lessen the aggregation of amyloid-β, delay neuron degradation process,
reduce microglia formation and finally improve memory in patients with AD
(Mishra and Palanivelu 2008). Similar to curcumin, resveratrol can also attenuate
the aggregation of amyloid-β (Sadhukhan et al. 2018). Most of the activity of this
compound was detected in the medial cortex, hypothalamus and striatum. Resvera-
trol also acts as neuroprotective in Parkinson’s disease through upregulating antiox-
idant status, reducing the level of thiobarbituric acid reactive substances (TBARS)
and suppressing COX-2 expression (Ma et al. 2014). Mulberry extract is considered
as a high source of anthocyanins and cyaniding, showed potential to slow down AD
progression through the negative regulation of 1-phosphatidylinositol-4,5-
bisphosphate phosphodiesterase, Beta-site APP cleaving enzyme 2 (BACE2) and
apoptotic protease activating factor 1(Apaf-1) (Song et al. 2014). Also, there are
many other nutraceuticals such as caffeic acid, berberine, silymarin, tannic acid,
lipoic acid, etc. which has been indicated for their role in prevention and delay onset
of neurodegenerative disorders. Table 5.3 focuses on groups of nutraceuticals and
the related mechanisms of action involved in neurodegenerative diseases.

5.5 Nutrients and Nutraceuticals Interventions in Cancer
Prevention

Cancer is one of the major public health problems worldwide with increasing
incidence among aging population. Many genetic factors, as well as internal and
external environmental modulators were shown to be involved in the emergence and
development of several cancers. Diet and nutrition are receiving important attention
as the crucial factors in preventing and treating different types of cancers. Many
studies have supported the important role of dietary patterns in the prevention of
cancer or inhibition of tumour growth (Banikazemi et al. 2018).
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In this section, we represent the role of some nutrients and nutraceuticals that are
effective in preventing cancer as an age-related disease.

5.5.1 Dietary Fibre

Fibres as probiotics stimulator have been implicated in health and prevention of few
cancers particularly gastric and colorectal cancers (Aune et al. 2011). Grains are a
major source of dietary fibre, variety of minerals, vitamins, and phytochemicals,

Table 5.3 List of nutraceutical and mechanisms involved in neurodegenerative diseases

Nutraceuticals Example Mechanisms

1.
Carbohydrate

Fructose Apoptosis in neural hippocampus
(Van der Borght et al. 2011)

2. Fatty acids α-Lipoic acid, docosahexaenoic acid
(DHA) and eicosapentaenoic acid
(EPA)

Anti-inflammatory effect (Celik and
Sanlier 2019)

3. Antioxidant
vitamins

Vitamin C, vitamin E, vitamin D
Thiamine, vitamin B12, B6
Vitamin E, A and carotenoids,
coenzyme Q10, Astaxanthin, B3
(niacin), vitamin E

– Modulate neurotransmitters
activity (Amrein et al. 2011)

– Targeting mitochondrial
dysfunction (Liu and Ames 2005)

– Nutraceuticals targeting
inflammation, decrease cytokine,
chemokine, ROS (Liu and Ames
2005; Morris et al. 2004; Shudo et al.
2009)

– Regulation of microglial
activation, producing α-secretase and
acetylcholine (Morris et al. 2004)
transmission (Poulose et al. 2017)

4.
Polyphenols

Apigenin, isoflavones, soy
isoflavones, rosmarinic acid,
resveratrol, blueberry, carnosic acid,
epigallocatechin-3-gallate, catechins,
anthocyanins

– Nutraceuticals targeting calcium
overload

– Targeting oxidative stress
(Ma et al. 2014)

– Reducing the level of
thiobarbituric acid reactive substances
(TBARS) and suppressing COX-2
expression (Ma et al. 2014)

5. Spices Curcumin, eugenol, ginsenosides in
ginger

– Targeting oxidative stress
–Nutraceuticals as neurotransmitter

modulators (Briguglio et al. 2018)

6. Essential
trace elements

Mg, S, Zn – Targeting DNA methylation and
histone modification (Athanasopoulos
et al. 2016)

– Act as cofactors of enzyme
involved in neurotransmitter
synthesis, many cellular process
(Chen et al. 2016)
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which have demonstrated anticancer properties and could reduce the risk of colorec-
tal cancer. Digested insoluble fibre increases the dry stool composition and assists in
the prevention of constipation (Yang et al. 2012). Based on different meta-analysis
of prospective studies, taking dietary fibre was inversely related to risk of oesopha-
gus and breast cancer (Aune et al. 2012; Coleman et al. 2013).

5.5.2 Antioxidant Vitamins

A randomized controlled trial on 70,528 patients showed that consumption of
Vitamin D and calcium could reduce the rate of mortality in the elderly and increase
life expectancy (Rejnmark et al. 2012). Indeed, low vitamin D level and calcium
deficiency are important risk factors for various types of cancer (Lappe et al. 2007).
High dietary intake of β-carotene and vitamin A was associated with reduced risk of
lung cancer (Yu et al. 2015). Studies have shown that taking Vitamin C and
β-carotene, α-carotene, β-cryptoxanthin, lutein/zeaxanthin, lycopene and vitamin C
appears to reduce the risk of lung cancer as well squamous cell carcinoma, and
adenocarcinoma (Tanvetyanon and Bepler 2008; Shareck et al. 2017). Dietary
carotenoids are derived from fruits and vegetables such as green leafy vegetables,
spinach, carrots, peaches, plums and potatoes. Carotenoids as highly pigmented
substances are responsible for red, yellow and orange colours in many fruits and
vegetables. Based on epidemiological studies, a reverse correlation has been
observed between intakes of high concentrations of dietary various carotenoids,
such as β-carotene, β-cryptoxanthin, fucoxanthin, canthaxanthin and astaxanthin,
and the risk of cancer in different tissue. Dietary intake of carotenoids has been
suggested due to their cancer chemoprevention activity (Tanaka et al. 2012).

Among carotenoids, lycopene in tomato is the most powerful antioxidant
(Di Mascio et al. 1989). Epidemiological, animal and in vitro studies have largely
indicated the role of lycopene in cancer prevention (Story et al. 2010). Lycopene
with antioxidant properties could protect cells against free radical-induced DNA
damage and therefore inhibit neoplasm formation. In addition to its antioxidant
properties, lycopene also interferes with cancer promote signalling pathways such
as Ras and Akt pathways (Palozza et al. 2010).

Lutein and zeaxanthin, the members of the carotenoids family have been
recognized for their protective role against the uterus, prostate, breast, large intestine
gastrointestinal and lung cancers (Prakash and Gupta 2014b).

Soybean is a source of isoflavones that are structurally similar to oestrogen, and
therefore, they are known as phytoestrogens. The soybean isoflavones (equol,
genistein, daidzein, etc.) have potent antioxidant activity. Also by binding to
oestrogen receptor, they could inhibit cell growth. Isoflavones anti-tumourigenic
effects were attributed to their potential as endocrine disruptor and tyrosine kinase
inhibitor that could inhibit cancer cell growth and induce cell apoptosis (Jian 2009).
A recent study on Chinese women showed an inverse association between soybean
food intake and breast cancer risk in adulthood (Baglia et al. 2016).
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Coenzyme Q10 (Co Q10) is a vitamin-like compound that plays a crucial role in
mitochondrial function and production of ATP, the major source of energy in the
cells. In fact, Co Q10 is a powerful antioxidant against oxidative stress. Food
supplements containing Co Q10 have anti-inflammatory effects associated with
reduced IL-6 marker in coronary artery disease (Lee et al. 2012). Recent studies
on Chinese women have shown that low levels of Co Q10 in plasma are associated
with an increased risk of breast cancer (Cooney et al. 2011). Many studies indicated
the efficacy of Co Q10 supplement as adjuvant therapy in the treatment of cancers
and prevention of chemotherapy induced-cardiotoxicity (Narain et al. 2018).

5.5.3 Polyphenols

Polyphenols are the compounds rich in fruits, vegetables, dicotyledons, cereals and
beverages. Dicotyledonous and chocolate plants play an important role in absorbing
polyphenolic compounds in the body. As the secondary plant metabolites, they play
an important role in defence systems against ultraviolet radiation or accumulation of
cellular damage particularly DNA damage. Previous epidemiological studies have
established a reverse relationship between the risk of the various cancer diseases and
the use of polyphenol-rich diets (Kidd 2009).

Fruits such as apple, grapes, pears, cherries and coconut contain 200–300 mg of
polyphenols in 100 mg of pure weight, and their dietary intake may reach around
1 mg per day, which is about 10 times more than vitamin C and 100 times more than
vitamin E and carotenoids (Scalbert et al. 2005b). Citrus is also a rich source of
flavones and hesperidin, which are abundant in natural fruit juices (120–250 mg/L)
(Gupta et al. 2013).

Curcumin for many years was the centre of attention due to its wide biological
activities, such as antioxidant activity, anti-inflammatory, anti-carcinogenicity and
neuronal degeneration (Shanmugam et al. 2019). Indeed, curcumin has been consid-
ered as a promising natural compound applied potentially for the chemical preven-
tion against multiple cancers (Park et al. 2013b). Results obtained from different
clinical trial in patients with advanced pancreatic cancer as well as patients with
pre-malignant lesions or breast cancer or clone cancer have clearly demonstrated the
promising effect of curcumin in increasing health markers (Johnson and Mukhtar
2007; Bayet-Robert et al. 2010; Hsieh 2001).

Green tea is a common drink in Asia that is derived from Camellia sinensis.
Pharmaceutical ingredients of green tea are the polyphenols antioxidants called
catechins that contain four main compositions including Epicatechin,
Epigallocatechin, Epicatechin trigallate, Epigallocatechin trigallate (EGCG)
(Adhami and Mukhtar 2007). Laboratory and animal studies showed that EGCG,
the main catechin in green tea mediated anticancer signalling process through
5α-reductase inhibition activity associated with human health and cancer prevention
especially hormone stimulating cancers (Khan and Mukhtar 2016). Grape seed
extract (GSE) is a rich source of polyphenols. Though clinical research on GSE
for cancer and inflammation is not as advanced as that for research on turmeric, there
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are numerous studies indicating the protective role of GSE against cancer and
inflammatory disease (Kidd 2009).

Resveratrol (3, 40, 5-trihydroxy-trans-stilbene), a natural polyphenol, has
antioxidants, anti-inflammatory and anti-aging properties. Resveratrol has an effect
on all three different stages of carcinogenesis (onset, continuation and progression)
through different signalling pathways that affect cell division and growth, apoptosis,
inflammation, angiogenesis and metastasis (Kraft et al. 2009).

Blueberries are rich sources of antioxidants containing a high level of
polyphenols that are extremely suggested for their anticancer activity (Neto 2007).
Many studies at cellular and clinical levels have indicated polyphenols protective
effect against a variety of cancer (Neto 2007). The pomegranate fruit is a rich source
of antioxidants with anti-inflammatory and anticancer effects (Sharma et al. 2017).
Also, it is a potent source of tannins and ellagitannins, catechins, gallocatechin and
anthocyanin. Many studies have shown the role of pomegranate in the prevention
and treatment of different cancers including breast, prostate, lung, skin and colon
(Sharma et al. 2017).

5.5.4 Fatty Acids

Omega-3 fatty acids could reduce inflammation in middle-aged and elderly people
(Prakash and Sharma 2014). Omega-3 consumption has been suggested in the
prevention of cancer. Based on data from a large randomized controlled trial, it
has been shown that vitamin D and omega-3 fatty acids supplements decreased the
risk of cancer (Manson et al. 2012). A recent study has also shown that daily taking
omega-3 is associated with a decreased risk of breast cancer in Mexican women
(Chajès et al. 2012).

5.6 The Effects of Nutrients in the Management
and Prevention of Diabetes

Diabetes is the progressive chronic disease, associated with reduced ability of the
body to produce insulin or impairment of insulin function due to the tissue resistance
to this hormone. Aging is known as a major risk factor for diabetes. Also, diabetes
mellitus increases the incidence of accelerated aging, indicating that diabetes may
contribute to the aging process (Yaffe et al. 2011). Although there is no definitive
treatment available for diabetes, managing blood glucose is crucial in reducing the
rate of progression and preventing its later complications. In addition to the com-
monly used medicinal treatments, lifestyle management and nutrition therapy are
considered as the essential remedies for this disease (Galtier 2010).
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5.6.1 Antioxidant Vitamins

It has been shown that Vitamin C reduces the accumulation of diabetes-induced
sorbitol and lipid peroxidation in erythrocytes (Chen et al. 2006).

A reverse correlation between fasting insulin level and the main circulating
vitamin D metabolite, 25-hydroxyvitamin D has been reported in many studies
(Kayaniyil et al. 2010; Nikooyeh et al. 2011). Daily intake of this vitamin E reduces
the fasting serum glucose and glycated haemoglobin (Nikooyeh et al. 2011). Vita-
min E is a vital fat-soluble vitamin, acts primarily as an antioxidant. Low levels of
vitamin E were shown to be associated with increased incidence of diabetes (Asmat
et al. 2016).

The Co Q10 supplementation has been suggested for the treatment of type
2 diabetes (Shen and Pierce 2015). Studies on 120 diabetic patients have shown
that the activity of the succinate dehydrogenase-coenzyme Q10 reductase was
significantly lower compared to the normal group (Kishi et al. 1976).

Several studies have shown that biotin could alleviate hypertriglyceridemia and is
supportive for people with diabetes (Xiang et al. 2015). Biotin directly activates the
soluble guanylate cyclase, therefore increases the synthesis of cyclic GMP (cGMP).
Biotin induced-cGMP exerts positive effects on beta cells through enhancing the
release of glucose-stimulated insulin and improving the glucose tolerance mediated
by modulating the gene expression of the key transcription factor involved in insulin
secretion (De La Vega-Monroy et al. 2013). cGMP in the liver has the potential to
suppress excessive production of hepatic glucose through increasing the expression
of glucokinase and reducing the expression of phosphoenolpyruvate carboxykinase
(Vilches-Flores et al. 2010). Based on clinical studies receiving high levels of biotin
(9–16 mg daily) can lead to glycaemic control in diabetic patients (Fernandez-Mejia
and Lazo-de-la-Vega-Monroy 2011). However, the optimal dosage of biotin-
induced systemic activation of guanylate cyclase with fewer side effects is still
unclear. L-Carnitine (β-Hydroxy-γ-Trimethyl ammonium Butyrate) is a natural
vitamin-like compound, absorbed from food sources including meat and dairy
products. Indeed, many in vivo and in vitro studies have shown the effect of
L-Carnitine in improving insulin sensitivity and glucose disposal (Hajinezhad
et al. 2016). The beneficiary effects of L-carnitine were reported in diabetic
complications such as neuropathy, ventricular dispersion, diabetic eye and brain.

5.6.2 Carbohydrates

Carbohydrates are the largest group of energy substrate that has a direct impact on
glycaemic level. They may induce high blood glucose and insulin concentrations,
which leads to the glucose intolerance and increased risk of type 2 diabetes. Indeed,
the low-carbohydrate diet was associated with glycaemic control, weight loss and
lipid profile and compared with low-fat diets appeared to be superior on managing
and prevention of diabetes (Ajala et al. 2013). However, still, the low-carbohydrate
diet is not accepted as dietary treatment for diabetes. Some has proposed that good
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quality carbohydrate, defined as a lower ratio of carbohydrate to fibre, is associated
with decreased risk of diabetes (AlEssa et al. 2015). Other study showed that starchy
legumes, including beans, peas, and lentils have a positive effect on glycaemia
(Bantle et al. 2008). The linear polysaccharide chitosan, a natural product derived
from chitin, showed potential in reducing cholesterol absorption and improving
insulin sensitivity (Hsieh et al. 2012). The guar gum is natural high-molecular
weight polysaccharide implemented in lowering glycaemic index of the meal (Giri
et al. 2017).

5.6.3 Fatty Acids

It is almost accepted that the fat-rich diet reduces glucose tolerance, modifies insulin
resistance, induces obesity and dyslipidaemia (Risérus et al. 2009). Studies have
shown the relationship between the portion of saturated fatty acids and increased
insulin resistance and the incidence of diabetes (Vessby et al. 1994). On the other
hand, canola, olive oil and peanut oil contents of monounsaturated fatty acid have
beneficial effects in controlling triglyceride level and glycaemia in patients suffering
from diabetes (Anderson et al. 1998). Omega-3 fatty acid in fish is well-known for its
potential in reducing serum triglycerides (Kaushik et al. 2009). Studies have shown
that diets rich in docosahexaenoic acid, eicosapentaenoic acid, arachidonic acid and
ω-6 γ-linolenic acid inhibit the development of alloxan-induced diabetes mellitus
(Mohan and Das 2001).

5.6.4 Dietary Fibres

Foods rich in fibre, particularly cereal is highly recommended to diabetic patients.
Although the protective effect of fibres against some chronic diseases has been
confirmed, the effectiveness of the fibres on the metabolism of glycaemia and lipids
is still unknown (Higgins 2004). One of the most important soluble fibre is
glucomannan, derived from konjac root that has been implicated in the management
of diabetes (Onakpoya et al. 2014; Chearskul et al. 2007).

Cereals have high glycaemic index mostly related to their alpha-amylase inhibitor
content (Stümpel et al. 2001).

Alpha-glucosidase inhibitors have the ability to prevent the absorption of
carbohydrates from the intestine and were proposed for their beneficial effect in
the treatment of patients with type 2 diabetes (van de Laar 2008). Among alpha-
glucosidase inhibitors, acarbose and miglitol might be the first-line therapeutic
approach in controlling glycated haemoglobin, fasting blood glucose and insulin
level (Van de Laar et al. 2006).
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5.6.5 Probiotic

Probiotic supplementation with L. casei Shirota prevents insulin resistance (Hulston
et al. 2015). The role of probiotics in glycaemic control results by controlling
metabolic changes, modulating oxidative stress and inflammation as well as improv-
ing gut bacterial flora (Shah and Swami 2017). Yoghurt probiotic containing
L. acidophilus and Bifidobacterium lactis reduces total cholesterol, HDL/cholesterol
and LDL/HDL ratio (Ejtahed et al. 2011). Many studies also concluded that con-
sumption of probiotic yoghurt provides a potential intervention and prevention
strategies against type2 diabetes (Asemi et al. 2013).

5.6.6 Trace Element

The relationship between magnesium intake and decreased risk of diabetes has been
reported recently. Indeed, magnesium is necessary for insulin signalling and entering
glucose to the cells (Takaya et al. 2004). Intake of high calcium, magnesium and
potassium has been associated with the prevention of hypertension, heart failure
(HF) and diabetes (Houston and Harper 2008).

There are limited studies that suggested the role of chromium in improving
insulin sensitivity and glucose tolerance in patients with type 2 diabetes mellitus
(Amoikon et al. 1995). Though based on meta-analysis study, there is no beneficial
effect related to chromium supplementation on diabetes (Bailey 2014).

Vanadium, a plant-derived mineral acts similar to insulin in transferring glucose
to the cells that was suggested in type 1 and type 2 diabetes treatment. Vanadium
supplement also reduces fasting blood glucose, haemoglobin A1C and cholesterol
levels (Halberstam et al. 1996).

5.6.7 Protein and Amino Acids

Evidence suggested that diabetic patients need the same amount of protein of about
0.86 g/kg BW per day as ordinary people (Cunningham 1998). Although dietary
protein plays a role in stimulating the secretion of insulin, excessive use should be
avoided as it may contribute to the pathogenesis of diabetic nephropathy. Evidence
has shown that taking plant-based proteins can improve diabetes-induced hypercho-
lesterolemia and nephropathy more effectively than animal proteins (Comerford and
Pasin 2016). Phaseolamin protein extracted from white kidney beans is commer-
cially available in concentrated form and has been widely indicated in the prevention
of oxidative stress and improvement of diabetes complication (Oliveira et al. 2014).
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5.6.8 Polyphenols

Various mechanisms have been proposed to explain the possible antidiabetic effects
of polyphenols. Tea-specific phenols, especially green tea, including catechin and
epigallocatechin gallate (EGCG), prevent oxidative stress and inflammation through
activating the NRF2 pathway (Marinovic et al. 2015). Beyond their significant
antioxidant capacity, polyphenols are present in cocoa and coffee and contain
phenolic compounds such as caffeoyl derivatives, procardin and chlorogenic acid
that have been proven to promote insulin sensitivity, vascular endothelial function,
metabolism of lipids and carbohydrates, tory mediators. Antidiabetic effects of
flavonoids including flavanones, flavonols, isoflavones and anthocyanidins have
been confirmed in many studies (Lasa et al. 2014; Chen and Snyder 2013). Resvera-
trol also reported to prevent insulin resistance related metabolic disorders,
dyslipidaemia, hyperglycaemia and hyperinsulinaemia via regulating gene expres-
sion and activity of rate-limiting enzymes (Abbasi Oshaghi et al. 2017).

Recent discoveries suggest consumption of coffee can lower the risk of diabetes
(Jessica Elizabeth et al. 2017; Esmaeili et al. 2017). Such effects were attributed to
chlorogenic acid or CGA, the important polyphenolic compounds of coffee beans.
Evidence showed that CGA can reduce the absorption of carbohydrates by
preventing glucose intestinal transfer via preventing the activity of glucose-6-phos-
phate translocase involved in glucose uptake (Rosengren et al. 2004; Hemmerle et al.
1997). The extract of green coffee beans is rich in GCA (55%) and is currently
commercially available (Table 5.4).

5.7 Nutrients and Nutraceuticals Interventions Against
Skin Aging

Skin aging is an unavoidable biological process in human life. Aging causes changes
in all parts of the body system with subsequent signs on the skin. Aged skin is
wrinkled with sensitive, dry pigmented and itchiness characteristics. Several studies
reported that skin aging can be delayed by applying external and internal factors to
improve skin health. In this regards, nutrition represents a promising approach in
preventing, reducing and delaying skin aging (Tundis et al. 2015).

Exposure to some chemical agents, air pollutants, ultraviolet rays, smoking,
heavy metals and organic solvents induce the formation of free radicals that
could result in the activation of matrix metalloproteinases and inflammatory
responses and thereby disruption of extracellular matrix involved in skin aging.

Daily intake of healthy food, fruit and vegetables containing antioxidant
compounds play a critical supportive role against degeneration of skin cells (Petruk
et al. 2018). Vitamin A (β-carotene, retinol) (Mukherjee et al. 2006), vitamin C
(ascorbic acid) (Boyera et al. 1998), vitamin E (tocopherol) (Fryer 1993), vitamin D
(Peric et al. 2009), polyphenols (green tea, resveratrol) (Nichols and Katiyar 2010;
Menaa et al. 2014) and botanical antioxidants, ubiquinol (Co Q10) (Olivieri et al.
2013), prebiotics (Oligofructose and other oligosaccharides) and probiotics
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Table 5.4 List of nutraceutical and mechanisms involved in the management of diabetes

Nutraceuticals Example Mechanisms

1. Dietary
fibre/
carbohydrates

Glucomannan
Guar gum
Chitosan
Beans, peas and lentils

– Decreased the rise of LDL
(Chearskul et al. 2007)

– Reducing cholesterol absorption
and improving insulin sensitivity (Hsieh
et al. 2012)

– Lowering glycaemic index of the
meal (Giri et al. 2017)

– Alpha-glucosidase inhibitors (van
de Laar 2008)

2. Fatty acids Linoleic acid
Cholesterol esters
Omega-3
Eicosapentaenoic acid,
Docosahexaenoic acid,
Arachidonic acid, ω-6 linolenic
acid

– Reducing serum triglycerides
(Anderson et al. 1998)

– Improves insulin sensitivity (ARIC
Study Investigators Wang Lu Folsom
Aaron R folsom@ epi. umn. edu Zheng
Zhi-Jie Pankow James S Eckfeldt John
H 2003)

– Antioxidant status and suppressing
production of cytokines (Mohan and Das
2001)

3. Antioxidant
vitamins

Vitamin C
Vitamin E
Vitamin D
Coenzyme Q10
Biotin
L-Carnitine

– Protein glycation inhibitor, reduces
the accumulation of lipid peroxidation in
erythrocytes (Chen et al. 2006)

– Antioxidant (Asmat et al. 2016)
– Enhancing the release of glucose-

stimulated insulin (De La Vega-Monroy
et al. 2013), hypertriglyceridemia
(Xiang et al. 2015; Fernandez-Mejia and
Lazo-de-la-Vega-Monroy 2011)

4.
Polyphenols

Tea (catechin and Epigallocatechin
gallate)
Resveratrol
Flavonoids
Chlorogenic acid

– Prevent oxidative stress and
inflammation (Marinovic et al. 2015)

– Alleviating insulin resistance by
circulatory improving (Wong and Howe
2018)

– Prevent metabolic disorders,
dyslipidaemia, hyperglycaemia and
hyperinsulinaemia (Abbasi Oshaghi
et al. 2017)

5. Protein and
amino acids

Phaseolamin – Targeting oxidative stress (Oliveira
et al. 2014)

6. Probiotics L. casei Shirota
L. Acidophilus Bifidobacterium
lactis
Saccharomyces boulardii

– Controlling metabolic changes,
inflammation and oxidative stress (Shah
and Swami 2017)

– Changing lipid parameters (Asemi
et al. 2013)

– Normalize insulin Sensitivity (Shah
and Swami 2017)

7. Essential
trace elements

Mg, V, Ca, K – Glucose utilization and insulin
signalling (Takaya et al. 2004)

– Reduces fasting blood glucose,
haemoglobin A1C and cholesterol levels
(Halberstam et al. 1996)
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(enterococci, lactobacilli and bifidobacteria in the intestinal tract) (Cinque et al.
2017; Bouilly-Gauthier et al. 2010), essential fatty acids (long-chain and
polysaturated fatty acids) (Miller et al. 1991) are among the nutrients and
nutraceuticals that have been frequently reported for their role in skin protection
and maintain its youth (Schagen et al. 2012) (Table 5.5).

5.8 Ocular Aging

The changes in the power of eye vision with aging defined as ocular aging. As the
rates of metabolites are high in eye, there is an extra need for antioxidant protection
in this organ. The retina is highly susceptible to oxidative degradation that was
associated with the abundance of polyunsaturated fatty acids found primarily in the
outer membrane of light receptors that are rapidly oxidized.

Many clinical studies have indicated the supportive effect of dietary nutrients in
eye health and prevention of disease. High doses of vitamins C, E, zinc, beta-
carotene supplements have shown to lower the risk of age-related macular degener-
ation (AMD) incidence in a randomized clinical trial (Group A-REDSR 2001). The

Table 5.5 List of nutraceutical and mechanisms in anti-skin aging medicine

Nutraceuticals Example Mechanisms
Malnutrition/
deficiency result

1. Antioxidant
vitamins

Vitamin A
Retinaldehyde

Protection in photo skin aging (Wong
and Howe 2018)
Essential for maintaining the health of
epithelial cells (Wong and Howe 2018)

Disorders in skin
reproduction/
skin aging

Vitamin C Cofactor for prolyl hydroxylase and
lysyl hydroxylase in the synthesis of
collagen (Tundis et al. 2015)

Scurvy

Vitamin D Expression induction of anti-microbial
peptides in skin (Peric et al. 2009)

Skin aging

Coenzyme
Q10
Vitamin E

Antioxidant defence mechanism in
epidermis (Peric et al. 2009) helps
against collagen cross linking and lipid
peroxidation (Petruk et al. 2018)

Skin aging

2.
Polyphenols

Stilbenes and
lignans
Flavonoids

Changing the redox reaction
Chelator (Boyera et al. 1998; Fryer
1993)
Radical scavenger (Boyera et al. 1998;
Fryer 1993)

UV protection
Skin aging

3. Fatty acids Eicosanoids
Omega-6
Omega-3

Present in the epidermis and epidermal
fatty acids
Immunomodulatory role (Olivieri et al.
2013)

Skin atrophy and
Skin dryness

4. Probiotics Lactobacillus
johnsonii

Modulate skin immune system (Nichols
and Katiyar 2010; Menaa et al. 2014)

Increased
transepidermal
water loss

92 M. Hodjat et al.



most important of nutrients for the maintenance of eye function are carotenoids the
natural free radical scavenger. Lutein and zeaxanthin carotenoids represented a
significant protective role against nuclear cataract and AMD in the patient over
65 years (Roberts et al. 2009). Moreover, it has been recently shown that retinal
long-chain polyunsaturated fatty acids play important roles in normal retinal func-
tion and visual development (Liu et al. 2010). Based on data from a clinical study on
4513 participants, higher total fish consumption containing omega 3 polyunsaturated
fatty acid was associated with decreased risk of AMD (SanGiovanni et al. 2003)
(Table 5.6).

5.9 Tooth Aging

Gradual changes in the appearance and physiology of tooth occur during aging. The
composition of dentin and the covering layer, enamel undergoes structural deterio-
rative changes partly attributed to the reduced pulp function and vitality. In fact,
dental pulp is the main living part of the tooth inhabited by stem cells having

Table 5.6 List of nutraceutical and mechanisms in anti-ocular aging medicine

Nutraceuticals Example Mechanisms Deficiency

1. Antioxidant
vitamins

Vitamin A
Vitamin E
Retinaldehyde
α-Tocopherol

– Free radical scavenger, protect
against lipid oxidation (Miller et al.
1991)
– Cofactor of enzymes
– Effect on immune /inflammatory

cells

Vision disorder
AMD Progression
(Miller et al.
1991)

Vitamin C Antioxidant AMD progression
(Miller et al.
1991)

β-Carotene
Lutein
Zeaxanthin

– Conversion to retinol in lens,
retina, macula
– Absorbance of blue light
– Antioxidant activity (Schagen

et al. 2012)

Vision disorder
AMD progression

2. Trace
elements

Zinc (Zn)
Copper

– Health of the retina
– Optimal metabolic pathways of

eye
– Essential for enzymatic activity
– Antioxidant
– Involved in cellular membrane

structure

– Disorder of
neural impulse in
eye
– Vision

disorders
– Cataract
– Increase risk

of AMD

3. Fatty acids Omega-3 – AMD prevention
– Antioxidant activity (Group

A-REDSR 2001)
– Affecting inflammation (Group

A-REDSR 2001)

Eye disorder

5 Nutrients and Nutraceuticals in Aging 93



odontoblastic differentiation capacity that mediate dentine regeneration in adult
teeth. Decreased alveolar bone density was also associated with tooth loss as were
reported in many controlled clinical trials on aging populations (May et al. 1995).
Considering the vital role of tooth in food digestion system, oral health is of high
importance to human health being. Moreover, periodontal disease has been linked to
the pathology of age-related disease such as diabetes, cardiovascular disease (CVD)
and chronic pulmonary disease (Borgnakke et al. 2013). Nutrients and nutraceuticals
are bioactive ingredients with the potential to prevent oral disorders and preserve
oral health.

Calcium is the main abundant trace element in tooth and bone. Studies have
shown that increased intake of calcium and vitamin D could reduce the risk of oral
bone loss (Uhrbom and Jacobson 1984). Dietary Vitamin C and Vitamin B-complex
are also among supplements suggested for prevention and treatment of periodontal
disease (Neiva et al. 2005). The oral disease is the early manifestation of trace
elements deficiency such as selenium iodine, iron, zinc, copper (Bhattacharya
et al. 2016). Although studies have shown no relation between fluoride supplement
and prevention of dental caries (Ismail and Hasson 2008), topical application of
fluoride has been highly recommended as a successful strategy for inhibiting tooth
demineralization and control dental caries (Marinho et al. 2003).

The role of Bifidobacterium, and Lactobacilli probiotic have been suggested in
oral health care and effective against periodontal disease, tooth caries and oral
mucosal lesions. The underlying mechanism of oral protective role of probiotics
were attributed to their competition with growth and adhesion of pathogens on
oral tissue and their immunomodulatory role in reducing inflammatory response
(Bhattacharya et al. 2016).

5.10 Conclusion

Nutrients and nutraceuticals could be the best therapeutic strategies for mitigating
aging and age-related disorders. It is essential to establish healthy lifestyle with
consuming healthful diet including wide range of healthy food, tea, fruits and
vegetables containing antioxidant compounds, vitamins, minerals, polyphenols
include flavonoids (anthocyanins, catechins, isoflavones), and non-flavonoids (res-
veratrol, etc.), ubiquinol (Co Q10), prebiotics, probiotics and essential fatty acids
(long-chain and polysaturated fatty acids).
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Abstract

Currently, healthy aging is a major public concern. In between, nutritional
interventions and dietary patterns are supposed to play crucial roles in regula-
tion/delaying the aging process. High intake of dietary fiber is inversely
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associated with reduced risk of several age-related diseases. A bulk of evidence
indicated that consumption of dietary fiber is implicated with lower
concentrations of inflammatory and oxidative stress markers, resulting in improv-
ing health status during aging and extending the life span. Even, it was proven
that inadequate amounts of dietary fiber are accelerating the aging process.
Significant intake of dietary fiber is an essential parameter of a healthy aging.
The current chapter reviews the specific roles of dietary fiber in conjunction with
age-associated-gastrointestinal system, age-associated-metabolic status,
age-associated cardiovascular diseases, age-associated neurodegenerative
diseases, cancer, immune system, and allergic disorders.

Keywords

Dietary fiber · Age-associated gastrointestinal diseases · Age-associated
metabolic status · Age-associated cardiovascular diseases · Age-associated
neurodegenerative diseases · Cancer · Immune system · Allergic disorders

6.1 Introduction

The fact that dietary, genetic, and pharmacological interventions can postpone
and/or ameliorate aging changed the world of preventive/therapeutic medicines for
aging and aging-related diseases (Ofori-Asenso et al. 2016). Recent work confirmed
the involvement of a number of molecular effectors able to regulate food-type-
dependent longevity; the quality and quantity of diet, even the meal frequency and
timing, are affirmative in life span and aging (Verma et al. 2018). In between, dietary
fibers attribute to healthy diet; and are supposed to have different physiological
effect (Jones et al. 2006). Definition of dietary fibers is complex and is evolving
through the time (Redgwell and Fischer 2005). Accumulated metagenomic data
pointed out that diet, particularly insoluble fibers, has determinative and profound
effects on the structure, function, and secretion of factors (i.e., gut microbiota-
derived factors) that control multiple inflammatory and metabolic events involved
in the aging process; mainly those that are related to the increased risk of developing

S. Momtaz (*)
Medicinal Plants Research Center, Institute of Medicinal Plants, ACECR, Tehran, Iran

Toxicology and Diseases Group (TDG), Pharmaceutical Sciences Research Center (PSRC), The
Institute of Pharmaceutical Sciences (TIPS), Tehran, Iran

Department of Toxicology and Pharmacology, School of Pharmacy, Tehran University of Medical
Sciences, Tehran, Iran

Gastrointestinal Pharmacology Interest Group (GPIG), Universal Scientific Education and Research
Network (USERN), Tehran, Iran
e-mail: momtaz@imp.ac.ir

112 A. H. Abdolghaffari et al.

https://www.sciencedirect.com/topics/food-science/dietary-fiber
mailto:momtaz@imp.ac.ir


neurodegenerative and cardiovascular diseases (CVD), metabolic abnormalities,
cancer, and allergic diseases (Clemente et al. 2012). This chapter reflects the role
of dietary fibers in health and prevention of several aging-related diseases and
disabilities.

6.2 Dietary Fiber

Dietary fiber constitutes our diet for centuries and was reported for their health
beneficial effect. However, it is still difficult to define it. Hipsley in 1953 first
referred the complex of cellulose, hemicellulose, and lignin as dietary fiber. Later
Burkitt was the first who coined the term “dietary fiber” (Dhingra et al. 2012). The
widely accepted definition is that “fiber is the analogous carbohydrates or the edible
parts of plants that resists against digestion and absorption through small intestine,
while finally undergoes complete or partial fermentation in the colon. Dietary fibers
include lignin, oligosaccharides, polysaccharides, and associated plant substances”
(Dhingra et al. 2012). They have water retention capacity, adsorption property,
viscosity, gelling property as well as potential to alter the gut microbiota composi-
tion (Fåk et al. 2015). Chemical structures of dietary fibers are complex; comprises
indigestible carbohydrates, lignin, and other associated non-digestible fibers of
plant/animal or synthetic polymers. These are cellulose, hemicelluloses, β-glucan,
gums, mucilage, inulin, pectin, and resistant starch (Mudgil and Barak 2013).

Dietary fibers are divided into insoluble and soluble fibers in the water. The
former includes hemicellulose, cellulose, and lignin, while among soluble fibers are
gums, mucilage, pectin, and storage polysaccharides. Interestingly, their viscosity
and capacity to form gels, or their fermentation capability is beneficial for the
gastrointestinal health. Intake of dietary viscous fibers is shown to reduce the
blood cholesterol, normalize the blood glucose and insulin resistance. Fibers with
slow or incomplete fermentation enhance laxation, thus is beneficial for intestinal
disorders such as constipation, diverticulosis, and diverticulitis (Marlett et al. 2002).
A large body of evidence support the preventive effects of fibers against certain types
of cancers; e.g. colon, rectum, and breast cancers (Vieytes et al. 2019). An adequate
fiber-rich diet contains other micronutrients such as vitamins, minerals, unsaturated
fatty acids, phenols, and phytoestrogens that ensure the health.

Although fibers can be provided by natural sources or by supplements just in the
case of certain therapeutic situations (Marlett et al. 2002). A balanced daily diet
contains different mixtures of soluble and insoluble fibers. Cereals are the main
source of insoluble fibers and a relatively low quantity of soluble fibers (about 25%).
Exception is oat, which is a good source of soluble fibers (about 50%). Legumes
contain both types of soluble and insoluble fibers, while fruits and vegetables contain
soluble type. Moreover, fruits and vegetables contain less fibers than cereals and
legumes (Fatani et al. 2007).
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6.3 Nutrition and Aging

Aging is a biological process of gradual physiological and metabolic dysfunction
leading to chronic age-related diseases including CVD, neurodegenerative disorders,
neoplasia, etc., culminating to death. Along aging, the random damages to the DNA
and the regulatory/structural proteins exceed the body’s self-repair capabilities,
resulting in impaired body function and physiology (Kirkwood 2017). The geriatric
population (�60 years) will rise to two billion by 2050, making up 21% of the
world’s population; more than the youth population for the first time (Shlisky et al.
2017). The growing old population would challenge the health care systems and
impose a large burden on communities, especially those with low healthy life
expectancy.

However, only 20–30% of the aging process attributed to heredity factors and
70–80% is secondary to external factors and lifestyle (e.g., environmental, behav-
ioral, and societal factors), influencing the rate of aging through various mechanisms
and determines the actual survival rate (Mathers 2015). Oxidative stress and inflam-
mation, genomic instability, epigenetic changes, telomere attrition, mitochondrial
dysfunction, cellular senility, stem cell and progenitor cell exhaustion, and altered
intercellular communication are major contributors to the rate of aging (López-Otín
et al. 2013).

The gap between the ideal and actual survival curves remains large while healthy
aging pushes the actual survival curve to the right and decreases the gap (Hategan
and Hirsch 2018). Healthy aging is having fine self-perceived health and the absence
of premature chronic disease, physical or cognitive disability, or any mental
disturbances. Having healthy dietary patterns providing adequate antioxidants,
micronutrients, and fibers with controlling energy intake is one of the most signifi-
cant effects on healthy aging. However, the growing global adaption of the Western
lifestyle, lack of dietary fiber are primarily responsible for unhealthy aging (Cosco
et al. 2014). Some factors may affect healthy diet in elderly people such as changes
in sensation of taste and smell, chewing problems, loss of appetite, limitations in
accessing high-quality foods, and inefficiencies in nutrient absorption (Dreher
2018a).

The recommended daily intake of fiber is about 14 g/1000 kcal (approximately
38 g for men and 25 g for women) (Karlsen et al. 2019). In addition, fiber-rich diets
have almost lower energy density and higher nutrient quality. Taking enough fibers
(particularly from vegetables) is associated with higher consumption of minerals,
vitamins, phytoestrogens, and flavonoids, which are beneficial for various health
outcomes (Slavin and Lloyd 2012). Low dietary fiber intake especially during
midlife and older years increases the risk of obesity, unhealthy aging, and premature
mortality (Assmann et al. 2015; Karlsen et al. 2019). Although, higher-fiber intake
could facilitate to manage caloric intake, which translated into lower body mass
index (BMI) (Gilhooly et al. 2008) and reduced the risk of developing several
chronic diseases such as type 2 diabetes, metabolic syndrome, CVD, colorectal
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cancer, and premature death (Slavin 2005; Galisteo et al. 2008; EFSA Panel on
Dietetic Products and Allergies 2010; Yao et al. 2014; Dahl and Stewart 2015;
Aleixandre and Miguel 2016; Maćkowiak et al. 2016). Dietary fibers are known to
be associated with lower serum levels of inflammatory biomarkers, and inflamma-
tion is known to be associated with unhealthy aging (King 2005). A higher con-
sumption of fibers also is capable in altering intestinal microbiota composition and
function, which is essential in regulating the immune system and might affect the
aging process (Keenan et al. 2015; O’Toole and Jeffery 2015; Milani et al. 2016).

Other mechanism represented for the role of fibers in healthy aging is that the
adequate fiber intake reduces epigenetic DNA methylation and slows the telomere
shortening rate (Cassidy et al. 2010; O’Callaghan et al. 2012; de Mello et al. 2014;
Triff et al. 2015). A cross-sectional analysis of the Nurses’ Health Study involving
2284 women with the mean age of 59 years, have shown that dietary fiber is
positively associated with leukocyte telomere length with the difference of
0.19 units between two extremes of fiber intake. Each 10 g increase in dietary
fiber leads to 67 base pairs longer telomeres and a biologic aging difference of
4.3 years, after multivariate adjustment (Cassidy et al. 2010). Adequate fiber intake
is also associated with successful aging and reduced risk of weakness, while low
fiber consumption linked to increased risk of frailty in the elderly (Claesson et al.
2012; Wang et al. 2015; Gopinath et al. 2016; Jeffery et al. 2016). The Australian
Blue Mountains Eye Study that included 1609 healthy individuals older than
49 years have declared that highest vs. lowest intake of dietary fibers has 79%
increased multivariate-adjusted odds of aging (Gopinath et al. 2016).

Many studies suggested the adequate dietary fiber as an independent factor for
reducing the overall mortality risks. A meta-analysis covering 25 cohort studies on
1,752,848 middle-aged subjects with an average of 12.4 years follow-up have stated
that the mortality rate reduces, as the fiber consumption increases, 17% reduction for
cancer, 23% for CVD, and 23% for all-cause mortality (Liu et al. 2015a). Several
meta-analyses have estimated that increased consumption of fibers of 10 g/day
significantly lowers all-cause mortality by 10–11%, coronary heart disease (CHD)
by 11–20%, CVD by 9%, and cancer by 6–9% (Kim and Je 2014, 2016; Liu et al.
2015a; Yang et al. 2015b; Hajishafiee et al. 2016). Five prospective studies observed
a significant direct association of fiber intake (25 and 35 g/day) with lower mortality
risk (Streppel et al. 2008; Park et al. 2011; Chuang et al. 2012; Buil-Cosiales et al.
2014; Chan and Lee 2016). An European Prospective Investigation into Cancer and
Nutrition (EPIC) prospective study on 452,717 participants with mean age of
51 years consistently found a 10% decrease in total mortality risk with each 10 g
fiber/day (Chuang et al. 2012). A meta-analyses of 298 prospective observational
studies have recently concluded that a higher consumption of dietary fiber is
negatively associated with likelihood of early death and CVD (Veronese et al. 2018).

The Nurses’ Health Study on 72,113 women, averagely 50 years old, have
demonstrated that the adequate fiber intake significantly lowered all-cause mortality
risk by 17% over 18 years of follow-up, while Western diet with very low fiber
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content significantly rises all-cause mortality risk by 21% (Heidemann et al. 2008).
The large United State (US) National Institutes of Health (NIH)-AARP Diet and
Health Study have reported that increased daily fiber consumption by 15 g signifi-
cantly reduces 22% of all-cause mortality in both genders and CVD related mortality
in men by 24% and in women by 34% (Park et al. 2011). Moreover, a cost-of-illness
analysis observed that each 1 g increase of fiber consumption per day leads to an
annual saving of $ 2.6–51.1 million and $ 4.6–92.1 million in type 2 diabetes and
CVD care costs, respectively (Abdullah et al. 2015). The association between fiber
consumption and all-cause mortality risk is reported to be attenuated with increasing
age, such that, each additional 10 g dietary fiber consumption at age � 80 years
reduced the mortality risk by 1%, whereas at age 50 years the risk decrement was
29% (Streppel et al. 2008).

American Heart Association dietary guidelines recommended diets rich in fruits,
vegetables, nuts, whole grains, and legumes for preventing the CVD, as the major
cause of mortality in aged people. Several analyses have shown that each 7 g intake
of fiber per day is associated with a significant 9% lower risk of CVD (Threapleton
et al. 2013a, b). A meta-analysis of prospective studies reported that each 10 g/day
increase in dietary fiber causes 8% reduction in risk of coronary events and the risk
of CHD death by 24% (Wu et al. 2015). Meta-analyses of prospective studies have
also demonstrated an inverse dose-response association between the fiber consump-
tion and the stroke risk. A meta-analysis has suggested a 12% decline in stroke risk
with each 10 g fiber consumption per day (Chen et al. 2013). Another meta-analysis
has shown that the risk of stroke reduced by 17% for the highest compared with
lowest fiber consumers (Zhang et al. 2013a). Interestingly, increased fiber intake
reduces blood lipids (total cholesterol by 8.9 mg/dL, HDL cholesterol by 1.2 mg/dL,
and LDL cholesterol by 5.4 mg/dL), diastolic blood pressure by 1.9 mmHg and
HbA1c levels (Hartley et al. 2016). High fiber consumption is more effective in
reducing blood pressure among older (>40 years) people than in younger ones
(Streppel et al. 2005). The results of meta-analysis studies showed a nonlinear
inverse association between the fiber intake and diabetes risk, and a linear inverse
effect with consumption of �25 g fiber/day (Yao et al. 2014). Several large clinical
trials also supported such negative association among high fiber consumption and
diabetes risk. It has been shown that daily intake of 30 g/day of resistant starch fiber
significantly improves insulin sensitivity by 16% in pre-diabetes women (Gower
et al. 2016). A systematic review of 43 observational studies and randomized trials
have also found a strong link between fiber-rich foods against weight gain and
metabolic syndrome (Fogelholm et al. 2012). Increase of the fiber intake to �30 g/
day is similar to the energy-restricted diet in losing weight, such regimen is more
effective in weight loss compared with the lower-fiber diets of<20 g/day (Lindström
et al. 2006; Parikh et al. 2012; Mollard et al. 2014; Ma et al. 2015).

Furthermore, the soluble fiber consumption is the most considerable contribution
to reduced age-related cognitive impairment. A double-blind, placebo controlled,
crossover randomized clinical trial (RCT) have reported that participants who used
oligofructose-enriched inulin showed significant improvement in subjective well-
being, mood, and cognitive scores compared with those consumed maltodextrin
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(Smith et al. 2015). In addition, there is data on inverse association between the fiber
intake and cancer death. Inadequate consumption of fibers could increase the
incidence of various cancers such as colorectal, digestive, prostate, breast, and
renal cancers. Previous meta-analysis studies have estimated that each 10 g/day
increase of fiber consumption significantly reduces the risk of colorectal cancer by
13% (Murphy et al. 2012; Navarro et al. 2016), breast cancer by 5–7% (Dong et al.
2011; Aune et al. 2012), gastric cancer by 44% (Zhang et al. 2013a, b), and
esophagus cancer by 31% (Sun et al. 2017). The adequate intake of fiber has also
been associated with 11% decrease in risk of prostate cancer and 16% decline in
renal cell carcinoma compared with a low-fiber diet (Huang et al. 2014; Sheng et al.
2015).

It was shown that fiber-rich diets prevented the periodontal diseases affecting up
to 50% of the adult population, particularly elderlies with diabetes or systemic
inflammation (Kaye et al. 2010; Schwartz et al. 2012; Kondo et al. 2014). The
frequency of constipation also increases along aging, mainly due to the common
aging-related conditions including diabetes, low physical activity, depression, and
use of multiple medications (Gallegos-Orozco et al. 2012). Increasing the fiber
intake to �25 g/day is recommended for promoting bowel regularity and function
in elderly. In addition, fiber-related decrease in bowel diverticular diseases was
attributed to improved digestive health such as better bowel movement, microbiota
ecosystem, and the body weight regulation (Dreher 2018a, b).

Colonic microbiota does not obey the age-related physiological deterioration and
it is regularly renewed with daily food consumption and the bowel movements
(Brussow 2013; O’Toole and Jeffery 2015; Zapata and Quagliarello 2015). Fiber-
rich healthy diet is the major contributor of preserving a healthy microbiota, which
consequently promotes a healthier aging and lowers the risk of chronic diseases,
frailty, and finally premature mortality (Mariat et al. 2009; Claesson et al. 2012;
Janssen and Kersten 2015; Mazidi et al. 2016). Fiber is the major source of
microbiota-accessible carbohydrates, which supports the healthier microbiota diver-
sity and reduces the pathobionts (Milani et al. 2016). The healthy colon microbiota
ecosystem promotes healthier function of the immune system, increases colonic pH,
bowel transit time, and stool bulk to dilute harmful and carcinogenic compounds.
The critical role of colon microbiota is to protect the colon from infections, inflam-
matory bowel disease (IBD), and colorectal cancer, as well as delaying the aging
process (Nagpal et al. 2016).

Chronic disease, disability, and weakness are common in elderly population, thus
contributors of healthy aging are the focus of recent investigations. Aging process is
not entirely genetic-dependent, it is also modified by diet and lifestyle. High fiber
containing foods enriched with minerals, vitamins, phytoestrogens, and flavonoids
are the main determinant of healthy aging. Sufficient fiber intake (14 g/1000 kcal) is
associated with decreased risk of obesity, type 2 diabetes and metabolic syndrome,
healthier microbiota dysbiosis and colon movements, CVD, stroke, certain cancers,
frailty, and all-cause mortality. Additionally, dietary fibers lower the concentrations
of inflammatory and oxidative stress, thereby slowing the rate of aging, predomi-
nantly by reducing the rate of telomerase length (Zapata and Quagliarello 2015).
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6.4 The Role of Dietary Fibers in Health and Prevention
of Diseases

Nowadays, low dietary fibers are a major public health concern with high popularity
of Western dietary pattern, in which fiber is a shortfall nutrient. It is evident that there
is a strong link between the inadequate fiber intake and adverse health outcomes.
While adequate fiber consumption provides healthier life and aging, and lowers the
mortality risks by regulating metabolic status, body weight, colon microbiota,
reducing CVD, colorectal cancer risk, and a number of other chronic diseases
(Assmann et al. 2015).

6.4.1 Gastrointestinal System and Health

6.4.1.1 Colonic Microbiota
Today, there is no doubt about the important role of dietary fibers in good digestive
health, which is mediating through accelerating the intestinal transit, and the preser-
vation of a healthy colonic microbiota, as a result foods are fermented to bioactive
short-chain fatty acids (SCFAs) such as butyrate, acetate, and propionate. SCFAs are
the main energy source for the colon epithelial cells with anti-inflammatory
properties that regulate the host metabolism and affect the cellular differentiation
processes (Janssen and Kersten 2015; Deehan and Walter 2016; Milani et al. 2016).

The composition, diversity, and the activity of the gut microbiota and SCFAs
productions are mainly influenced by heredity, lifestyle, diseases, antibiotic use, and
most importantly by diet and its fiber content. High amount of fiber reduces the
colonic pH. Fibers are known to be the major source of microbiota-accessible
carbohydrates, which increase the healthy symbiotic bacteria diversity and decrease
the pathogenic bacteria (Conlon and Bird 2014; Sonnenburg and Sonnenburg 2014;
Milani et al. 2016). Fiber-rich intake vs. low fiber Western diet boosts healthy
colonic microbiota. The colonic microbiota is the “symbiotic human organ” func-
tioning in other processes such as absorption of nutrients, synthesis of vitamins, bile
acid transformations, barrier effects against pathogens and lipopolysaccharide (LPS)
absorption, immune system regulation, and immunoglobulin A and T-cell homeo-
stasis, insulin sensitivity, release of satiety hormones, and metabolic risk factors,
colorectal cancer initiation, progression and unhealthy aging (Parekh et al. 2015;
Boulange et al. 2016; Milani et al. 2016).

6.4.1.2 Intestinal Transit Time and Constipation
Dietary fibers function as a potent laxative through their hydrophobicity and fermen-
tation capacities, which alters the osmotic balance, regulates the gut microbiota,
increases fecal bulk, and softens the stool. The increased amount of dietary fiber
increases the number of Bifidobacterium and Lactobacillus species, which is
associated with reduced constipation. In an RCT, it was shown that participants
using low fiber diet including wheat bran and psyllium fibers, had shorter transit time
and higher healthier stool weights. The constipation increased in the low-fiber diet
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group five times more than the high-fiber diet group, particularly bran and psyllium-
rich diets (Pokusaeva et al. 2011; Gänzle and Follador 2012; Rivière et al. 2016).
Coarse wheat bran increases the stool volume 21/2 times more than the same dose of
fine bran, while fine bran is more fermentable, thus is more effective in increasing
prebiotics and SCFAs. The US constipation medical costs stated that an increase in
fiber intake by 9 g/day from bran (equivalent to one serving of high-fiber breakfast
cereal/day) annually would save about a billion dollars in health system (Schmier
et al. 2014). Water follows the unabsorbed and undigested carbohydrates of exces-
sive fiber into the large intestine. Therefore, highly fermentable fiber or abruptly
increased fiber intake may enhance the gastrointestinal distention and flatulence,
cramping and bloating. Gradual enhancement in dietary intake of fibers could
minimize or prevent such symptoms (Slavin 2008; Dahl and Stewart 2015).

6.4.1.3 Diverticulitis/Diverticular Disease
A limited number of prospective studies have suggested that there is a link between
dietary fiber and red or processed meat with diverticular diseases. A large prospec-
tive study examined 46,295 men with mean age of 53 years for 26 years. It was
reported that men with low diet healthy scores are more prone to diverticulitis by
55%, while those with higher healthy scores showed a lower risk of diverticulitis by
26–33% (Strate et al. 2017). In another study on 690,075 women with mean age of
60 years, fiber showed significantly decreased risk of diverticular disease, with
cereal and fruits fibers having the most significant effects (Crowe et al. 2014). In
addition, fruits and vegetable fibers have shown to be the most effective fiber
sources, concerning lowering the risk of diverticular disease by 42%. It was also
reported that cellulose consumption reduced the risk of diverticular disease by 48%.
Interestingly, vegetarian and fiber-rich diets are both associated with a reduced risk
of death due to diverticular disease (Crowe et al. 2011).

6.4.1.4 IBD
IBD is a chronic relapsing gastrointestinal tract inflammation that consists of two
main phenotypes, Crohn’s disease (CD) and ulcerative colitis (UC) (Loddo and
Romano 2015). Diet-related microbial dysbiosis is an important risk factor for the
development and progression of IBD. Colonic microbiota (fiber fermenters) with
anti-inflammatory properties actively convert fibers to the SCFAs, promote gut
microbiota diversity and activity that influence the immunological homeostasis,
and lower the colonic pH as a defense against pathogens, which are all the
mechanisms by which fibers could affect the development and progression of IBD
(Chiba et al. 2010, 2015; Zimmer et al. 2012; Halmos and Gibson 2015).

Fiber-rich diet as adjunctive therapy together with the IBD medications seem to
have a role in the long-term improvement of clinical symptoms and reducing the
colonic inflammation (Copaci et al. 2000). In 2015, a meta-analysis study reported
that fiber consumption lowers the mean risk for UC by 20% and for CD by 56% (Liu
et al. 2015b). A 2017 meta-analysis showed that each 10 g/day addition in fiber
consumption reduces CD risk by 15% (Zeng et al. 2017). Prospective studies and
intervention trials have also proposed a link between dietary fiber intake and IBD.
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The Nurses’ Health Study has shown that a long-term consumption of fiber lowers
the risk of CD flare-ups by 41%, while does not have any association with UC
(Ananthakrishnan et al. 2013). However, diets with high-sugar and soft drinks
containing low levels of vegetables reported to increase the risk of UC by 68%
(Racine et al. 2016). A systemic review suggested fiber supplements such as
psyllium as adjunctive therapies along with the IBD medications (Copaci et al.
2000). Previous interventional trials have shown that germinated barley-enriched
foods, prebiotics, symbiotic, and psyllium are effective in maintenance of remission
of UC (Ishikawa et al. 2011; Faghfoori et al. 2014). However, fiber should be
restricted temporarily during the active period of IBD (Lane et al. 2017).

6.4.1.5 Irritable Bowel Disease
Irritable bowel syndrome (IBS) is the most common form of functional gastrointes-
tinal disorder, affecting individuals younger than 45 years (Wilkins et al. 2012;
Drossman 2016). Fibers could have a potential role on IBS symptoms due to their
ability in regulating the gut microbiota, colonic permeability and inflammation,
bowel movements, and lowering the colonic pH to defend against pathogens (Tetens
2011; Dahl and Stewart 2015). However, current evidence on the fiber’s effective-
ness in soothing the IBS symptoms is controversial (Ford et al. 2014). There is also
limited data on the effects of different fiber sources on alleviating the IBS symptoms
compared with placebo. Insoluble fibers like wheat bran cause minimal relief in the
IBS symptoms, while soluble fibers such as psyllium may cause moderate relief
(Ford et al. 2014). According to a meta-analysis, fiber consumption caused a 14%
decrease in the mean risk of IBS (Moayyedi et al. 2014). A comprehensive system-
atic review and meta-analysis by analyzing the results of 22 RCTs and 1299
participants have stated that soluble fibers and total fibers could improve the global
symptoms of IBS by 49% and 27%, respectively (Nagarajan et al. 2015). Various
RCTs have shown that soluble fibers such as psyllium, partially hydrolyzed guar
gum (Parisi et al. 2002; Russo et al. 2015; Niv et al. 2016), and pectin (Xu et al.
2015) are protective against IBS presentations. Kiwifruit could also be a safe and
beneficial natural laxative for patients with constipation-dominant IBS (Chan et al.
2007, 2010).

6.4.2 Regulation of the Body Weight and Metabolic Status

6.4.2.1 Weight Regulation
Consuming >25 g fiber/day is effective on the body weight maintenance and stables
the weight decrease in obese and overweight individuals (EFSA Panel on Dietetic
Products and Allergies 2010). Several longitudinal studies also demonstrated that
healthy diets and fiber supplementation are associated with lower body fat and BMI
in children and adolescents (Davis et al. 2009; Altman et al. 2015). Fibers were
found effective in suppressing appetite, improving glycemic control and colonic
microbiota, reducing the amount of dietary energy and metabolizable energy, also
restoring the IL-22-mediated enterocyte function (Zou et al. 2018). However, fiber
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supplementation does not displace high-energy foods, thus it would be less effective
in promoting satiety and weight loss than healthy diets enriched in �30 g/fiber/day
(Wanders et al. 2011). A systematic review of 32 blinded randomized-controlled
trials reported that there was a significant increases in weight loss in groups treated
by the fiber supplementation vs. the controls with the effect size of�0.42 (Chew and
Brownlee 2018). The 2015 US Dietary Guidelines Advisory Committee reported
that healthy fiber-rich diets could slow the weight regain (Dietary Guidelines
Advisory Committee 2015a, c). A systematic review of 43 prospective cohort,
case-control, randomized trials declared that increased fiber consumption might
lead to less weight gain; however, higher-energy diets rich in refined grains are
predictive of elevated weight gain (Fogelholm et al. 2012). Observational studies
also support the positive effect of dietary fibers on weigh regulation, as fiber-rich
diets help people to be slimmer than those consuming low-fiber diets (Slavin 2005;
Davis et al. 2006; Lairon 2007; Fogelholm et al. 2012; Kieffer et al. 2016). The 2012
International Study of Macro�/Micronutrients and Blood Pressure (INTERMAP)
cross-sectional study included 1794 adult subjects, demonstrated that normal-weight
individuals have healthy diet lower in total energy, higher in nutrient-rich foods and
fibers compared with overweight individuals (Shay et al. 2012). The Nurses’ Health
Study on 74,091 women with mean body mass index (BMI) of 25 showed that
subjects who had the highest amount of fiber intake gained a mean of 1.5 kg less
weight compared with those who have received the least. This effect was indepen-
dent of age, the body weight at baseline, and the changes in covariate status. In
addition, women consuming high amounts of fiber had 49% lesser risk of weight
gain than those used the lower quantity (Liu et al. 2003). Consistently, an RCT have
shown that fiber-rich diet (>30 g/day) is more effective in improving body compo-
sition and decreasing body weight compared with the lower-fiber diets (20 g/day)
(Pal et al. 2011). Results from three long-term clinical trials have also shown that
high-fiber diets (>30 g fiber/day) promote weight loss, similar to the reduced energy
regimens (Esposito et al. 2004; Lindström et al. 2006; Ma et al. 2015). Additionally,
12-weeks RCT found that increased fiber (35 g/day) and lean protein intake (0.8 g/
kg/day of individual’s ideal body weight) lead to calorie and weight reduction
(Zhang et al. 2018). A US longitudinal study on 170 overweight/obese children
aged 7–11 years reported that a diet with higher-fiber quality led to a greater
reduction of BMI (Altman et al. 2015). Overweight Latino youth who consumed
low total fiber (mean of 3 g/1000 kcal) had a 21% gain in visceral adipose tissue
volume (Davis et al. 2009).

6.4.2.2 Type 2 Diabetes
In addition to low-glycemic foods, adequate intake of fiber could lower the incidence
of diabetes. Reduction of satiety, obesity, and visceral fat; promotion and mainte-
nance of balanced gut microbiota, low systemic inflammation, control of postpran-
dial glucose excursions and protection against insulin resistance, interfering with
absorption of dietary protein have been proposed to contribute to the anti-diabetes
effects of fiber-rich diets (Dreher 2018c).
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The 2015 US Dietary Guidelines Advisory Committee Scientific Report analysis
announced that healthy diets reduce the risk of diabetes by 21% in comparison with
44% increased risk by Western-type diets (Dietary Guidelines Advisory Committee
2015a, c). Accordingly, the American Diabetes Association recommends that fiber
intake should be increased to 14 g fiber/1000 kcal daily or about >25 g/day in
women and > 38 g/day in men with diabetes and the general population (Evert et al.
2014). A dose-response meta-analysis of 17 prospective studies on 488,293
individuals demonstrated that there is a significant nonlinear inverse association
between diabetes risk and total fiber intake <25 g fiber/day and a linear decrease (>
25 g fiber/day), especially with cereal, fruits, and insoluble fibers consumption (Yao
et al. 2014). The InterAct study meta-analysis of 19 cohort studies that included
617,968 participants found a 9% reduced risk of diabetes with each 10 g fiber/day
increment in total fiber, while cereal fiber had the most protective effect, reduces the
risk by 25%. Interestingly, there is no significant association between the fruits and
vegetables fibers with diabetes risk (InterAct Consortium 2015). Another meta-
analysis has emphasized on increased intake of total fiber with lower glycemic-
index/load diets to protecting against type 2 diabetes (Bhupathiraju et al. 2014).
Moreover, several RCTs consistently support the presence of a positive link between
high-fiber diets and supplements in improving the metabolic status, thus reducing
diabetes risk. They have showed that healthy lifestyle habits and fiber-rich diets
could prevent the transition of a pre-diabetic or metabolic syndrome situation to
diabetes, increasing weight loss, or improving glycemic control and lipoprotein
profiles (Jenkins et al. 2008; Cugnet-Anceau et al. 2010; Wolfram and Ismail-
Beigi 2010; Post et al. 2012; Silva et al. 2013; Gibb et al. 2015; Weinhold et al.
2015). Interestingly, 10 g β-glucan has been shown to be effective in delaying
glucose response and lowering insulin levels in obese pre-diabetic women (Kim
et al. 2009). Large prospective studies confirmed a positive correlation between high
dietary fiber intake and enhanced insulin resistance, besides a 20–30% reduced risk
of developing type 2 diabetes. The EPIC-InterAct Study on 26,088 participants
showed that consuming 26.5 g fiber/day vs. 19 g fiber/day lowers the risk of diabetes
by 18% (InterAct Consortium 2015).

Notably, the association between cereal fiber consumption and reduced diabetes
risk remains significant, particularly after corrections for confounding factors, such
as changes in the body, age, weight, exercise, smoking, alcohol intake, fat intake, or
a family history of diabetes (Hu et al. 2001). No obvious mechanism for the
beneficial effects of cereal fibers has been described though intake of purified
insoluble fibers, which are the prevailing fraction of the cereal fibers, might improve
the insulin sensitivity (Weickert et al. 2005). Intake of insoluble dietary fibers
according to the recommended daily fiber consumption (Marlett et al. 2002) is
found to improve the early insulin response, which is associated with an earlier
elevation of the postprandial amounts of the incretins such as glucose-dependent
insulinotropic polypeptide (GIP), whereas GLP-1 is spared. The effect of insoluble
fibers on incretins level would not be the same as those produced by the soluble
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dietary fibers that are found to cause an increase in GIP and GLP-1 concentrations
(Cani et al. 2005). These short-term effects of the cereal fibers are suggested to be
independent of the colonic fermentation.

6.4.2.3 Fasting Blood Lipids
The effect of fibers on decreasing the high levels of lipids and lipoproteins depends
on the fiber’s properties with high viscosity being the major factor (Vuksan et al.
2011; McRorie 2015). The EPIC Norfolk cohort included 22,915 participants; with
the mean age of 58 years; and mean BMI of 26 revealed an inverse association
between the fiber consumption with total cholesterol (TC), low-density lipoprotein
(LDL-C), and triglyceride (TG), and a positively association with low-density
lipoprotein (HDL-C), regardless of the genetic profile (Wu et al. 2007). The
Cochrane systematic review of 17 RCTs with 1067 participants found that there is
a significant promising effect of increased fiber supplementation on reducing the TC
by 8.9 mg/dL, LDL-C levels by 5.4 mg/dL, and HDL-C by 1.2 mg/dL, however, TG
levels remained unchanged (Loveman et al. 2016). Diverse meta-analyses consis-
tently highlighted the beneficial effects of the viscous, soluble fibers, psyllium, and
β-glucans in supplements on lowering the TC and LDL-C, especially in adults with
elevated blood lipids (Wei et al. 2009; Vuksan et al. 2011; Thies et al. 2014). Large
RCTs demonstrated that high fiber diets (14 g fiber/1000 kcals) are associated with a
significant reduction of lipid levels compared with lower-fiber diets. Mean intake of
5.5 β-glucan g/day results in 10 mg/dL and 8–11.5 mg/dL of decrease in the TC and
LDL-C levels, respectively (Whitehead et al. 2014; Zhu et al. 2015). Oat bran
β-glucan is also beneficial in lowering the TC and LDL-C levels in patients without
hypercholesterolemia (Chen et al. 2006). A Canadian crossover RCT on
30 hyperlipidemic adults exhibited that consumption of cereals with 3 g high
molecular weight β-glucan/day elevated Bacteroides and Prevotella, while reducing
pathogenic Dorea, which are believed to reduce the TG levels, waist circumference,
BMI, and blood pressure (Martinez et al. 2013). The mean intake of 10 g psyllium/
day significantly lowers the TC by 14.5 mg/dL and LDL-C by 10.5 mg/dL (Wei et al.
2009). In an RCT, it was demonstrated that higher-viscosity soluble fibers are more
effective to reduce LDL-C than psyllium at half the dose (Vuksan et al. 2011).
Additionally, apple pectin and citrus at 6 g/day reduced the LDL-C level (approxi-
mately 7%) in mildly hypercholesterolemic adults (Brouns et al. 2012). While, rye
whole grains or insoluble fiber-rich wheat does not significantly decrease the blood
lipids more than diets rich in refined-grain (Ross et al. 2011; Ma et al. 2015). The
mechanisms involved in the hypercholesterolemic effects of dietary fibers are
unknown. Promotion of satiety and moderate or low bile acid binding capacities
underlie the cholesterol-lowering properties of the insoluble fibers (van Bennekum
et al. 2005). Soluble fibers increase the bile acid loss which results in reducing the
intestinal absorption of lipids (Jenkins et al. 2000). Additionally, the physicochemi-
cal properties of soluble fibers in the intestine significantly affect the hepatic
cholesterol metabolism and catabolism of lipoproteins. The main outcome of the
fibers actions is lowering the hepatic cholesterol pool, accordingly, cholesterol
diverted to the bile acid synthesis, resulting in lower cholesterol delivery to the
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liver by chylomicron remnants. Concerning the hypotriglyceridemia effects of the
soluble fiber such as psyllium, although the actual mechanism is not fully explained,
delayed intestinal absorption of triglycerides and sugars might be an explanation
(Gao et al. 2015). Fibers with the glycemic index-lowering properties may also play
a role in reduction of the plasma lipid levels (Liljeberg and Björck 2000). The
hypotriglyceridemic effect of oligofructose is via inhibition of hepatic lipogenesis
by modulating synthesis of fatty acid (Kulkarni and Shen 2019), and incretins
contributes to regulating the insulin secretion and glucose homeostasis. The serum
glucose also regulates the gene expression of fatty acid synthase in the liver and this
effect is boosted by insulin (Mandaliya et al. 2018).

6.4.2.4 Metabolic Syndrome
Metabolic syndrome is a growing public health concern, affecting 20–40% of the
adult population, characterized by increased abdominal fat, dyslipidemia (increased
TG, apolipoprotein B, and reduced HDL cholesterol), high blood pressure, increased
glucose levels, insulin resistance, pro-inflammatory and pro-thrombotic levels
(Grundy 2008). Metabolic syndrome was implicated to 1.5 to 2-fold increase in
risk of CVD mortality, stroke, and all-cause mortality in individuals over 5–10 years
(Mottillo et al. 2010). High dietary fiber intake showed promising results on different
components of metabolic syndrome. However, the pathogenesis of the disease is
intricate, reduction of systemic inflammatory markers through maintaining of
microbiota health, regulation of the body weight, and improvement of lipid and
glucose homeostasis and insulin sensitivity are contributing to reduced risk of
metabolic syndrome by fibers, especially viscous soluble fibers including psyllium
(Wei et al. 2018).

Previous investigations showed prolonged consumption of fiber-rich diet leads to
attenuation of metabolic syndrome risk, specifically through weight loss, while
people suffering from metabolic syndrome often consume lower fiber (Ma et al.
2015). Former RCTs suggested that fiber-rich diets and balanced gut ecosystem
reduce the risk of metabolic syndrome; however, observational studies reported
varying results for the association between the dietary fibers and the risk of meta-
bolic syndrome (Chen et al. 2017). Two recent meta-analysis (cross-sectional and
cohort studies) exhibited an inverse association between dietary fiber consumption
and the risk of metabolic syndrome, though their findings are limited by insufficient
cohort data (Wei et al. 2018). A recent RCT on 72 overweight and obese
non-diabetic participants with at least one further metabolic risk factor reported
that high cereal fiber-diet improved the insulin resistance in overweight diabetic
individuals after 6 weeks, but not in overweight participants (Weickert et al. 2018).
Another RCT on 54 Italian adults with metabolic syndrome found that 29 g cereal
fiber/day compared with the control group with 12 g cereal fiber/day significantly
increased the fasting plasma propionate and lowered the postprandial insulin levels
(Vetrani et al. 2016). Additionally, absorption of colonic propionate was shown to be
effective on controlling the body weight of overweight individuals by potentiating
the release of the anorectic gut hormones peptide YY and glucagon-like peptide
1 (Cani et al. 2004).
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6.4.3 Cardiovascular Diseases

Cardiovascular disease (CVD) is one of the chief causes of mortality and morbidity
throughout the world from infancy to old age. According to the data published by the
Centre for Disease Prevention and Control that there is an increase in heart failure
mediated deaths from 2012 to 2014 among the US citizens, i.e. 84 deaths/100,000.
Approximately 17.5 million people died because of CVD in 2012 globally (Ofori-
Asenso et al. 2016). Aging has a considerable harmful effect on the cardiac system of
the body. It leads to the stage of CVD, which includes arterial blockade, hyperten-
sion, stroke, and myocardial infarction. The common symptoms of aging associated
CVDs are impaired endothelial function, hypertrophy, increased arterial stiffness,
and compromised diastolic and systolic function of left ventricle (Bai et al. 2018).
The process of aging also affects the heart rate, which shows the decrease in both
variability and heartbeat. The decrease in the number of cells of the sinoatrial node
and structural alteration in hearts such as hypertrophy and fibrosis influences heart-
beat as well as slows the propagation of electric impulse throughout the heart
(Miyamoto 2019). Vascular tissue aging is associated with the dysfunction including
ischemia, hypertension, and age-related macular degeneration. Endothelial tissue
loss their proliferation and migration capability with the age (Trindade et al. 2017).
Moreover, the endothelial barriers become porous which results in the migration of
vascular cells to the sub-endothelial spaces and deposit the extracellular matrix
proteins that cause thickening of tunica intima. It has been also reported that aging
reduces the endothelial nitric oxide synthase (eNOS) activity of endothelial cells,
results in a reduction in a number of nitric oxides (NO) which is a vasodilator.
Reduction in the abundance of NO promotes senescence of endothelial cells
(Bahadoran et al. 2019). As heart age, it undergoes the complex alteration, which
affects the cellular composition as marked by the reduction in the number of
cardiomyocytes because of increased apoptosis and necrosis. Oxidative stress is
reported in old people. Cardiomyocytes are susceptible to the ROS; therefore, the
overall increment in ROS production in old age people causes the increased
cardiomyocyte death. Biomarkers associated with aging can be used in heart tissue
to evaluate how variation of longevity genes affects the rate and level of cardiovas-
cular aging at the cellular level (Singh et al. 2018). Regular intake of dietary fiber is
shown to control the risk factors of CVD and hence provide protection against the
CVD (Fuhrman et al. 2016).

Healthy diet significantly lowers the CVD risk by 22–59%. Adequate fiber intake
is one of the most essential dietary factors in declining the risk of CVD. Whole-
grains, fruits and vegetables, legumes and nuts are food sources of fibers
contributing to reduced risk of CVD (Dietary Guidelines Advisory Committee
2015a, c). Several meta-analysis of prospective cohort studies have found that
each 7–10 g fiber increment/day is associated with a 9–11% reduced CVD risk
(Threapleton et al. 2013a, b; Kim and Je 2016). An umbrella review of 18 meta-
analyses of 298 observational studies found that higher consumption of dietary fiber
is significantly beneficial for CVD and CVD mortality (Veronese et al. 2018).
Another umbrella review of 31 meta-analyses concluded that the highest versus
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the lowest dietary fiber intake is associated with a significant decrease in the relative
risk (RR) of CVD and CVD mortality. Attenuating the elevated serum lipids, blood
pressure, weight loss, and systemic inflammation are the key mechanism involving
in the protective influences of fibers on CVD (McRae 2017).

Dietary fibers also affect the input/output and peripheral resistance of cardiac
system either by controlling the sympathetic and parasympathetic nervous systems
or by changing the level of systemic regulators (K+, H+, CO2, prostaglandins,
thromboxane, and NO) (Sánchez-Muniz 2012). It affects the activity of angiotensin
converting enzyme which results in the formation of angiotensin II, a vasoconstrictor
that encourages the production of aldosterone, noradrenaline, and vasopressin
(Fernández-Vallinas et al. 2016). Dietary fibers make a complex structure with
polyphenols, minerals. These minerals assist in modulating the systolic and diastolic
blood pressure (Kaulmann et al. 2016). Marine dietary fibers show a similar
promising result against the CVD (Wan-Loy and Siew-Moi 2016).

6.4.3.1 Coronary Heart Disease
The role of adequate fiber intake from 14 g/1000 kcals or 25 g/day for women and
38 g/day for men is established to reduce the CHD incidence and its risk factors such
as fasting lipid concentration and inflammatory markers (Sánchez-Muniz 2012;
Mahalle et al. 2016). A large randomized, double-blind, placebo trial on 22,000
men with the mean age of 57 years has reported that 35 g/day vs. 16 g/day
consumption of the cereal and vegetable/fruits fibers reduced the incidence of
coronary events by 16% and death by 32% over 6 years of follow-up. The cereal
fibers are more effective than the vegetable and fruit sources of fibers (Fuhrman et al.
2016). Meta-analyses of prospective studies observed a reduced risk of all coronary
events by 8–11% and CHD deaths by 24% by each 10 g/day increase of fibers
(Wu et al. 2015; Kim and Je 2016). Umbrella reviews of meta-analyses have shown
that dietary fibers lower the incidence of CHD (McRae 2017; Veronese et al. 2018).
The 2015 US Dietary Guideline Advisory Committee Scientific analysis showed that
healthy diets including Mediterranean Diet, US Dietary Guidelines pattern, and the
Dietary Approaches to Stop Hypertension (DASH) diets could significantly reduce
the CHD risk by 29–61%, 24–31%, and 14–27%, respectively (Dietary Guidelines
Advisory Committee 2015b). Interestingly, two observational studies by
multivariate-adjusted models have shown that those consuming �35 g fiber/day or
high amount of soluble viscous fibers have a significant lower risk of atherosclerosis
and carotid wall thickness compared with those consuming <25 g fibers per day
(Dreher 2018d). Lowering CRP levels has been suggested as the possible mecha-
nism underlying the observed fiber’s effects (Veronese et al. 2018).

6.4.3.2 Hypertension
An adequate fiber intake modestly reduces the blood pressure (BP), especially in
hypertensive individuals due to a significant reduction of the risk of central obesity
and weight gain, increasing the insulin sensitivity, promoting the healthier LDL-C
and HDL-C profiles, lowering systemic inflammation and LDL oxidation, and
promoting the healthier microbiota composition, which all support the healthy
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vascular and endothelial functions (EFSA Panel on Dietetic Products and Allergies
2010; Lattimer and Haub 2010; Sánchez-Muniz 2012; Dahl and Stewart 2015).

Two 2005 meta-analyses of RCTs reported a significant decrease in the mean of
diastolic blood pressure (DBP) by 1.3–1.7 mm Hg and non-significant reduction of
systolic blood pressure (SBP) mean by 1.14 mm Hg by 11 g/day increase in fiber
consumption in all individuals. Even though, such effects were more prominent in
hypertensive patients whom showed a reduced SBP by 6 mm Hg and DBP by
4.2 mm Hg; and in trials with a duration of intervention �8 weeks (Streppel et al.
2005; Whelton et al. 2005). Later, a 2014 systematic review revealed that oat
products and oat bran significantly lower the BP (Thies et al. 2014). A 2015 meta-
analysis on 18 RCTs including five β-glucan RCTs found that each 6 g/day increase
in total fibers is associated with a 0.7 mm Hg and 0.9 mm Hg lower DBP and SBP,
respectively. While, β-glucans enriched foods significantly decreased the DBP by
1.5 mm Hg and SBP by 2.9 mm Hg compared with similar wheat-based foods
(Evans et al. 2015). A 2016 Cochrane systematic review of 8 RCTs, including
661 adults reported that increased total fiber intake is capable of a significant
reduction in mean SBP by 1.9 mm Hg and mean DBP by 1.8 mm Hg (Loveman
et al. 2016). A greater effect of soluble—than insoluble—fibers on BP is of more
interest. Accordingly, the recent meta-analysis of 22 (1430 participants) for SBP and
21 RCTs (1343 participants) for DBP found that each 8.7 g/day increment in viscous
soluble fibers leads to a 1.59 mm Hg and 0.39 mm Hg, lowering of the SBP and
DBP, respectively, with psyllium fiber being the most effective fiber source (Khan
et al. 2018). Consistently, several observational studies have demonstrated that the
elevated fiber intake (by 7–15 g/day above the usual amount) is linked with
decreased BP and thus risk of hypertension (Aljuraiban et al. 2015). The US Dietary
Guidelines Advisory Committee Scientific analysis also have recommended that
healthy dietary patterns, especially the DASH diet, could have a significant BP
lowering effect (reducing SBP by 6 mm Hg and DBP by 3 mm Hg) compared
with unhealthy Western diet (Dietary Guidelines Advisory Committee 2015a, c).

6.4.3.3 Dietary Fiber and Prothrombotic State
Adults with metabolic syndrome have abnormal prothrombotic conditions, such as
high plasma levels of fibrinogen, factor VII, and plasminogen activator inhibitor-1
(PAI-1). The latter is the main inhibitor of endogenous fibrinolysis. These hemo-
static changes are associated with the elevated risk of coronary heart disease. In this
regard, there are evidence that dietary treatments may be effectual (Giglia et al.
2019), albeit, nearly all the cross-sectional analysis stated that there is a negative
correlation between the cereal fiber consumption and the fibrinogen plasma level
(Fuhrman et al. 2016).

A randomized clinical trial of 201 subjects reported that 4 weeks consumption of
a diet high in cereal fibers had no effect on fibrinogen compared with low diet cereal
fibers. Another randomized analysis of the National Heart, Lung, and Blood Institute
Family Heart Study, a multicenter population-based study including 883 men and
1116 women, did not show any significant association between the fiber intake and
fibrinogen level (Boban et al. 2019). This study indicated that there is an opposite
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association between PAI-1, age- and energy adjusted indexes of the dietary fiber
found for both men and women. Following adjustment for anthropometric, lifestyle,
and metabolic factors, two extremes of dietary fiber decreased (ln) PAI-1 values in
men. However, this reduction was less pronounced in women group. Similarly,
another cross-sectional study on 260 subjects reported an inverse dose–response
association between the fiber-rich diet and PAI-1 levels (Palaniswamy et al. 2019).

Results of another study on 11 healthy subjects whose diets were supplemented
with 10 g/day oat husk for 2 weeks reported an inverse association between the
dietary fiber intake and PAI-1 activity (Siyame 2018). There were no changes in
other thrombotic parameters. Intake of fermentable soluble fiber increases the
production of SCFAs that prevent the hepatic synthesis of coagulation factors by
inhibiting the release of fatty acid (Cheah et al. 2019). The most likely mechanism
behind the effect of dietary fibers on PAI-1 synthesis is reducing the fat absorption
and the flow of triacylglycerol-rich lipoproteins to the liver. Moreover, SCFAs
reduce serum fatty acids (Cheah et al. 2019), leading to increased insulin sensitivity
with subsequent decrease of PAI-1 levels, (Cheah et al. 2019).

6.4.4 Brain Function and Neurodegenerative Diseases

Dietary fibers guarantee the brain function and development. The advocative expla-
nation in this matter is mainly pointed to the supportive effect of fibers on
maintaining the healthy gut microbial symbiosis. The neuroimmune modulation of
microbiota and its influence on the gastrointestinal physiology, liver metabolism,
and blood–brain barrier integrity contribute to the pathogenesis of neurobehavioral
and neurodegenerative disorders, such as autism spectrum disorder, anxiety
disorders, depression, Parkinson’s disease, and Alzheimer’s disease (Fung et al.
2017). Gut microbiota ecosystem also communicates with central nervous system
(CNS) via vagus nerve, parasympathetic motor and sensory fibers that convey
information from gastrointestinal tract to the CNS. In addition, fiber-rich foods are
high in antioxidants (alpha-tocopherol, ascorbic acid, and βeta-carotene) and
flavonoids (polyphenol and anthocyanin), which are all advantageous for the brain
function (Farooqui and Farooqui 2018).

It has been revealed that children on a high fiber diet show better multitasking,
working memory, and retaining focus vs. children on a lower fiber diet (Khan et al.
2015). Furthermore, probiotics have shown to lower the psychological stress and
anxiety in human objects (Messaoudi et al. 2011). Interestingly, there is conflicting
data on different microbiome of autistic patients compared with those without
autism. It has been hypothesized that abnormal microbiota could be deleterious for
autistic children (Finegold et al. 2010; Adams et al. 2011; Kang et al. 2013).
Peripheral injections of propionic acid, butyric acid, and acetic acid during the
development result in autistic like behavior in rats (El-Ansary et al. 2012).

A limited number of studies have proposed the fibers as protective factors for
preventing from cognitive decline (Vercambre et al. 2009; Smith et al. 2015). A
large-scale French longitudinal study that monitored cognitive alterations, lifestyle,
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and dietary habits of 4809 elderly women concluded that soluble fibers are the major
contributors of the age-related cognitive impairment (Vercambre et al. 2009). The
results of a double-blind, placebo controlled, crossover RCT showed that
oligofructose-inulin improved patients well-being, mood, and cognitive scores;
especially, recognition memory, and improved the immediate and delayed recall
performance on episodic memory tasks (Smith et al. 2015). Various prospective and
interventional studies including the Health and Retirement Study, a large US
population-based cross-sectional study included 5907 participants, and 2015 US
Memory and Aging Project showed a dose dependent association of fiber-rich diets,
Mediterranean and MIND (hybrid of Mediterranean diet and DASH) diets, on better
cognitive function and the risk of dementia such as Alzheimer’s disease (Morris et al.
2015; McEvoy et al. 2017).

6.4.4.1 Brain Stroke
Stroke is the root cause of 11% deaths worldwide and is a major cause of disability
(Threapleton et al. 2013a, b). Adequate fiber prevents the stroke by modulating
obesity, hypertension, dyslipidemia, type 2 diabetes, and systemic inflammation; the
main risk factors associated with stroke. Several meta-analyses of prospective
studies confirmed the inverse dose–response association between the fiber intake
and the stroke risk (Casiglia et al. 2013; Chen et al. 2013). A 17% reduction of the
stroke risk for the highest- vs. the lowest-fiber consumers was shown in a meta-
analysis of 21 cohorts including 1,023,131 participants (Zhang et al. 2013a, b).
Another meta-analysis of six prospective studies including 314,864 subjects
revealed that each 10 g/day fiber could decrease the stroke risk by 12%, of which
the cereal fibers being the most effective fiber source (Chen et al. 2013). Another
meta-analysis found that 7 g/day total fiber could significantly reduce the risk of
stroke by 7%, whereas 4 g/day of soluble fibers are capable of decreasing the stroke
risk by 6% (Threapleton et al. 2013a, b). Moreover, a 50% decrease in the stroke
incidence by consuming >25 g soluble fibers or >47 g insoluble fibers are reported
in population-based study that included 1347 adults (Casiglia et al. 2013). A
Swedish study with involvement of 66,677 subjects has reported that multivariate
risk of stroke decreases with a higher intake of the fruit fibers by 15%, the vegetable
fibers by 10%, and the cereal fibers by 6% (Larsson and Wolk 2014).

6.4.4.2 Chronic Kidney Disease
Chronic kidney disease (CKD) is a considerable global public health issue that
increases the rate of mortality by 59% (McCullough et al. 2012). The adequate
consumption of fibers could improve CKD by reducing the micro-inflammatory
levels and proteolytic fermentation metabolites, and also by lowering the weight
gain risk (Evenepoel and Meijers 2012; Dreher 2018e). The increased amount of the
fiber intake was shown to reduce the systemic inflammation in CKD patients and
lowers the overall mortality (Krishnamurthy et al. 2012; Xu et al. 2014). A National
Health and Nutrition Examination Survey (NHANES III) found that in patients with
CKD, a 10 g/day increment of total fibers reduced the elevated serum C-reactive
protein (CRP) levels by 38% and overall mortality by 17%, while it does not have

6 Dietary Fiber and Aging 129



any significant association with the mortality rate in individuals without CKD
(Krishnamurthy et al. 2012). Lowering CRP linked to the reduced incidence and
the complication of CKD, and improved the estimated glomerular filtration rate
(eGFR) in hypertensive adults (Xu et al. 2014; Shu et al. 2015). Of note, each 10 g/
day of fiber consumption is associated with eGFR improvement (adjusted difference,
2.6 mL/min/1.73 m2). A meta-analysis of 14 RCTs involving 143 CKD patients has
shown that the adequate fiber intake decreases the serum creatinine by 22.8 mmol/L
and serum urea by 1.8 mmol/L (Jiao et al. 2015). Whole grains, fruits, and vegetables
were found to amend the renal function and lessen the metabolic acidosis compared
with diets without enough fruits and vegetables (Adeva and Souto 2011).

Patients with CKD have a dysbiotic colonic microbiota, which stimulates several
metabolic disturbances, including uremic toxicity, inflammation, and immunosup-
pression, ultimately leading to the progressive kidney failure and CKD. Therefore,
increased dietary fibers could be a nutritional therapeutic option for CKD, by helping
to reestablish the microbial symbiosis, neutralizing the bacterial endotoxins, and
inhibiting the absorption of colonic-derived uremic toxins (Ramezani and Raj 2014;
Salmean et al. 2015). It has been shown that increase of the fiber consumption from
17 g to 27 g/day reduces the circulating p-cresol, colonic-derived uremic toxin, by
20% Salmean et al. 2015).

6.4.5 Cancer

6.4.5.1 Colorectal Cancer
Colorectal cancer (CRC) accounts for almost 10% of all cancers. Its incidence is
steadily increased, which strongly attributed to the Western lifestyle (Brenner et al.
2014). There is convincing evidence indicating the protective effects of fiber-rich
diets against the risk of CRC. Conversely, reduced dietary fiber intake followed by
an increase in incidence of CRC (Brenner et al. 2014). As expected, the Food and
Drug Administration (FDA), World Cancer Research Fund (WCRF), American
Institute of Cancer Research (AICR) recommend consuming grain products rich in
fibers, vegetables, and fruits for decreasing the risk of development or progression of
CRC. Adherence to vegetarian and Mediterranean diets significantly lowers the risk
of CRC (Orlich et al. 2015; Schwingshackl et al. 2017). The protective effects of
fibers on CRC depend on their properties such as lowering the colonic pH to prevent
the carcinogens formation; better weight control; promoting healthy gut microbiota;
and increasing the production of SCFAs, supporting the normal colonic mucosa;
exerting anticarcinogenic and anti-inflammatory activities (Gomes et al. 2019).

A meta-analysis of 16 prospective studies has declared that each 10 g/day intake
of total fiber approximately lowers CRC risk by 10% and each 90 g/day of whole
grain causes a 17% reduction of cancer risk (Aune et al. 2011). The EPIC cohort
study over 11 years follow-up period of 477,312 individuals with mean age of
51 years found a 13% reduction of CRC incidence with 10 g/day rise in fiber intake
(Murphy et al. 2012). In case–control studies, each daily 10 g increase of total or
cereal fibers is estimated to reduce CRC risk by 9% and 30%, respectively (Ben et al.
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2014). Three large US-based randomized controlled trials (2007 US Polyp Preven-
tion Trial, 2002 US Wheat Bran Fiber Trial, and 2000 US Polyp Prevention Trial)
did not found any significant association between fiber-rich foods consumption and
risk of CRC recurrence (Lanza et al. 2007). However, the US Phoenix Colon Cancer
Prevention Physicians’ Network including 1429 subjects reported a significant
reduction in risk of adenoma recurrence by 12% in the wheat bran-rich vs
low-wheat bran fiber diets (Alberts et al. 2000). In addition, a pooled analysis of
two large RCTs (Wheat Bran Fiber Trial and 2000 Polyp Prevention Trial) showed
that dietary fibers remarkably lowered the risk of recurrent CRC by 19% in men,
while no significant association was found for women explaining the disparity in
RCT results (Gomes et al. 2019). The US Prostate, Lung, Colorectal, and Ovarian
Cancer Screening Trial on 57,774 adults with mean age of 62 years found that
consumption of �12.8 g fiber/1000 kcal is protective against the development of
rectal or distal colorectal adenoma, reducing their risk by 24% compared with the
intake of <9.9 g fiber/1000 kcal (Kunzmann et al. 2015). Increased total fiber intake
did not reduce the risk of colorectal cancer, whereas the association was statistically
significant for distal colon cancer risk, interestingly cereal and fruits fiber sources
were the most effective in this regard (Ahmed et al. 2006).

6.4.5.2 Breast Cancer
Breast cancer (BC) is the most common cancer ended to death among women
(Fitzmaurice et al. 2017). There is controversial data on the link between dietary
fibers and the risk of BC. Several mechanisms proposed to underlie the anti-breast
cancer effects of fibers including reduction of abdominal fat gain, elevated
circulating estrogen levels, C-reactive protein, and insulin resistance (Dieli-
Conwright et al. 2016). The 2017 Continuous Update of the World Cancer Research
Fund and American Institute for Cancer Research (WCRF and AICR) Continuous
Update Project Report found such association to be inconclusive (For 2017). Its
older version in 2014 suggested a limited data on inverse association of the fiber-rich
foods with risk of breast cancer and all-cause mortality (Research 2016). Pooling
seven cohort studies, there was a minor decrease in breast cancer risk of 6%
receiving Mediterranean diet (Schwingshackl et al. 2017). Several meta-analyses
of prospective studies have shown a mild but significant decrease in breast cancer
risk of 5–7% for each 10 g/day augmentation in the fiber intake (Dong et al. 2011;
Aune et al. 2012). A meta-analysis of two large RCTs and a cohort study showed that
in patients diagnosed with BC, fiber-rich diet significantly lessened the mortality risk
by 17% and recurrence risk by 23% (Xing et al. 2014). An EPIC prospective study
included 334,849 women with mean age of 50 years reported that BC risk is reduced
by 5% when received a diet enriched by total fiber and by 10% for fiber from
non-starchy vegetables, with a notable relation; for estrogen- and progesterone-
receptors negative tumors. However, fibers from fruits, cereals, or legumes do not
have any significant protective effects against BC (Ferrari et al. 2013). The Nurses’
Health Study II on 90,534 premenopausal women declared that risk of BC reduced
by 25% at higher compared with lower intake of fiber during adolescence and early
adulthood (Farvid et al. 2016). Prospective cohort meta-analyses have estimated a
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lower BC risk by 4–7% for each 10 g/day fiber intake in all women. Meanwhile,
15 g/day fiber intake leads to decreased BC risk by 7–12% in postmenopausal
women (Dong et al. 2011; Aune et al. 2012; Chen et al. 2016).

6.4.5.3 Other Cancers
Prostate and gastric cancers may also be affected by the adequate fiber intake (World
Cancer Research Fund International/American Institute for Cancer Research Con-
tinuous Update Project Report 2014). A meta-analysis of 19 case-control and
2 cohort studies included 580,064 subjects demonstrated that dietary fibers have a
negative dose–response association with gastric cancer risk as each 10 g/day
increase in fiber results in 44% reduction of gastric cancer (Zhang et al. 2013a, b).
The Physicians’ Health Study found that fiber enriched foods lowers all-cause
mortality, while Western diet contributes to higher prostate cancer-specific and
all-cause mortality (Yang et al. 2015a). However, the 2014 WCRF and AICR
continuous update report did not confirm the direct protective effect of fiber intake
against the risk of prostate cancer (World Cancer Research Fund International/
American Institute for Cancer Research Continuous Update Project Report 2014).

6.4.6 Dietary Fiber and the Immune System

The gastrointestinal (GI) system is the largest immune organ. The lymphoid tissue of
GI composed of Peyer’s patches and other non-aggregated lymphocytes that all
contain 60% of body lymphocytes. Diet composition and prebiotics intake regulate
the function of the gut immune system. Fibers especially inulin and other
oligofructoses are found to stimulate the growth of health-promoting bacteria in
the colon such as Bifidobacteria and lactobacilli that generate SCFAs and activate
the immune system. Few human studies show that inulin consumption exerts
favorable effects on the types and amounts of circulating lymphocytes by increasing
the fecal contents of Bifidobacteria. These fibers are not digested by GI enzymes and
remain intact when reach the colon, where are completely fermented by microbiota
resulting in SCFA production and Bifidobacteria growth. Bifidobacteria is shown to
protect from intestinal infection; decrease the intestinal pH to form acids from
carbohydrates fermentation; produce different antioxidants and vitamins; activate
intestinal function and eases digestion and absorption; prevent constipation; stimu-
late the immune system; and reduce the colorectal cancer risk (Mohiuddin 2019).

Intake of prebiotic fiber mixture has the following benefits for neonates: enhanc-
ing immune development followed by decreased risk of respiratory infections and
atopic dermatitis; boosting the bowel function. Prebiotic fibers is shown to alleviate
gut inflammation in animal models, thus is suggested to be beneficial to treat IBD.
Prebiotic fibers consumption is also found to significantly decrease infection risk in
liver transplant patients. Moreover, preliminary human studies have suggested their
favorable effects in UC, CD, or pouchitis (Anderson et al. 2009).
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6.4.7 Allergic Disorders

Fiber-rich diet and probiotics are able to modulate the microbiota composition,
regulate the tolerogenic tone of the mucosal immune system, balance the activities
of Th1 and Th2 cells, and affect the bacterial–epithelium-immune interactions,
thereby, could protect against the allergic disorders (Daien et al. 2017). There is
controversial data on the positive influence of fibers on eczema, hay fever, atopic
dermatitis, and food allergy (Devereux 2006; Cochrane et al. 2009). Interestingly,
dietary fiber supplementation is associated with the reduced risk of allergic asthma
development in mice and recurrent wheeze in human infants, when mother
supplemented with fibers (Hogenkamp et al. 2015; Gray et al. 2017). The recent
elevation of the prevalence of allergic diseases in developed countries attributed to
the Western lifestyle and reduced consumption of dietary fiber (Daien et al. 2017).
The byproducts (SCFAs including propionate, acetate, and butyrate) of fiber-
fermented products by gut bacteria bind to the G protein-coupled receptors such as
GPR109a, GPR41, and GPR43 expressing by the immune and non-immune cells
(Macia et al. 2015; McKenzie et al. 2015; Daien et al. 2017). They also inhibited the
histone deacetylases (HDACs) activity in immune cells, promoting the activity of the
anti-inflammatory cells (Daien et al. 2017). SCFAs support the epithelial integrity by
increasing its resistance, boosting mucus and prostaglandin secretions and the
epithelium repair ability via direct activation of NLR Family Pyrin Domain
Containing 3 (NLRP3) inflammasome, leading to release of IL-18 (Daien et al.
2017).

Moreover, SCFAs alter dendritic cells (DCs) precursor generation in the bone
marrow. Subsequently the DCs have less ability to boost Th2 effector cells in the
lungs (Trompette et al. 2014). They also increase the ability of DCs to generate
tolerogenic regulatory T cells (Treg), and promote the transformation of naïve T to
Treg, Th1, and Th17; while inhibiting Th2 differentiation (Daien et al. 2017). Fibers
appear to modulate antibody responses; both systemically and locally in the gastro-
intestinal tract by increased T follicular helper response, IgA+ B cells in the small
intestine, and promoting the plasma cell differentiation (Kim et al. 2016; Tan et al.
2016). Interestingly, dietary fibers affect leukocyte migration by identification of
GPR43, the SCFAs receptor, as a neutrophil chemoattractant (Vinolo et al. 2011).
Dietary fibers (especially polysaccharides and oligosaccharides) and SCFAs also
suppress the mast cells activation through the inhibition of Mitogen-activated protein
kinase (MAPK) signaling pathway (Folkerts et al. 2018). Fiber-rich diets prevent the
sensitization of mast cells; either by inhibiting digestion of allergens or by activating
the galactin-9 expression, which leads to the blockade of the IgE–antigen complexes
formation (Folkerts et al. 2018). Accordingly, the 2015 World Allergy Organization
evidence-based guideline panel has recommended the consumption of sufficient
amount of prebiotic supplements to prevent the sensitization and development of
allergic disorders in non-exclusively breastfed infants, but not in exclusively
breastfed infants. However, the panel has not suggested the use of prebiotics during
pregnancy or breastfeeding due to the lack of experimental or observational studies
on this topic (Simons et al. 2015).
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6.5 Conclusion

Many trials showed that dietary interventions cause remarkable positive effects on
aging-associated diseases such as reducing the risk of diabetes, promoting the
reversion of metabolic syndrome and its complications, decreasing the risk of
CVD and the incidence of CVD mortality, ameliorating the neurodegenerative
impairments, and soothing the allergic disorders. Recent data from preclinical and
clinical studies indicate that dietary fibers play pervasive role in controlling the
mechanisms of aging and its associated diseases. More attempts are necessary to
design predictive biomarkers that are applicable in randomized clinical trials to
examine the efficacy of designated dietary interventions on risk of aging-related
neurodegenerative and chronic diseases, and the rate of biological aging. In addition,
researches should move towards the discovery of the interactions between the
dietary fiber intake, the gut microbiome, and persuasive molecular and cellular
effectors in modulating the key mechanisms involved in maintenance of cellular,
tissue, and organ function during aging.
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Abstract

The prolongation of lifespan is a desired condition, strictly depending from
several factors, including genetics and environmental factors. In this context,
nutrition can be a powerful tool, useful to modulate ageing. In particular,
polyphenols constituents, widely distributed in edible vegetables and fruits, can
act on specific intracellular markers, among which the enzyme sirtuin-1 (SIRT1)
and several kinases, mainly AMPK, mTOR and MAPK/ERK and then contribute
to reduce proinflammatory and fibrotic processes typical of the ageing; therefore
inhibiting the progression of age-related pathologies, including neurodegenera-
tive, cardiovascular and cancer. Indeed polyphenol family is very big and
includes numerous subgroups of chemical constituents, ranging from rather
elementary substances, such as phenolic acids and stilbenes, to complex
polymerized molecules, such as tannins. They are different for distribution in
the natural king and for bio-pharmacological profile. In this chapter the role
played from polyphenols in the senescence has been evaluated.
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7.1 Introduction

The increase in life expectancy, in industrialized as well as developing countries,
raises the number of age-related pathology incidences, such as cardiovascular,
metabolic and neurodegenerative diseases, to a point beyond social and economic
sustainability, making ageing an important and worldwide topic (Dilberger et al.
2019; Pray 2017; Tzioras et al. 2018). Several studies have demonstrated that
healthy ageing depends on several factors, such as genetics and environmental
factors; therefore, nutrition can be a powerful tool to modulate ageing (Mico et al.
2017).

Senescence is a process in which cells stop proliferating and become dysfunc-
tional and secrete proinflammatory molecules, reactive oxygen species (ROS) and
extracellular matrix components that cause inflammation in the surrounding tissues,
responsible for a low-grade systemic inflammation and oxidative stress (Franceschi
et al. 2018). Indeed, it is well known that an accumulation of cellular damage and a
reduction in protective stress response pathways are at the basis of age-related
diseases. In particular, the accumulation of genetic damage, including nuclear
mutations, telomere attrition and epigenetic changes, can accelerate the shortening
of the lifespan (López-Otín et al. 2013).

In addition, NF-κB is implicated as a key transcription factor in the development
of chronic inflammation; in fact, NF-κB is implicated in the initiation of tissue-
specific stress responses throughout the body (Aggarwal et al. 2004; Sethi et al.
2008). NF-kB is the principal supporter of the senescence-associated secretory
phenotype (SASP), which is characterized by the production and secretion of
proinflammatory cytokines, thereby sustaining the chronic inflammation typical of
ageing (Queen and Tollefsbol 2010).

Another intrinsic age-related state observed in numerous organisms is the accu-
mulation of toxins at the level of cells and organs; in neurodegenerative conditions,
such as Alzheimer’s disease (AD), β and γ secretases are critical for the production
of insoluble amyloid proteins, known to play a role in Alzheimer’s disease (Glukhov
et al. 2008; Sebai et al. 2009).

Moreover, another event associated with ageing and the development of
age-related diseases is mitochondrial dysfunction (Wagner et al. 2009; Modrick
et al. 2009). A decline in mitochondrial function, and the commensurate loss of a
sufficient energy production, supposedly plays a key role during ageing. Indeed, the
free radical theory proposes that an age-related progressive loss of mitochondrial
function is associated with ROS production (Green et al. 2011). However, the
reduced efficiency of mitochondrial bioenergetics with ageing can result from
reduced biogenesis of organelles, in which the transcriptional cofactor PGC1α,
regulated through SIRT1, is crucial (Sahin and DePinho 2012). Therefore, develop-
ing ways to prevent mitochondrial dysfunction can prove a potent strategy to
counteract adverse effects associated with ageing (Ikonomovic et al. 2009; Anisimov
et al. 2009; Weinreb et al. 2004; Levites et al. 2003).
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7.2 Targets Responsible for the Anti-Ageing Effects
of Polyphenols

Polyphenols are natural compounds that are widely produced by plants, endowed
with antibiotic and antifungal properties (Leiro et al. 2004) and moreover are well
known for their antioxidant activity. However, in addition to promoting specific
antioxidant and anti-inflammatory activities, polyphenols have garnered consider-
able interest for their role in the modulation of a plethora of targets.

New findings point to the possibility that polyphenols have suitable properties for
treatment of several disease states in humans, and a combination of these may hold
therapeutic benefits not yet realized (Cheynier 2005).

7.2.1 Sirtuin-Isoform 1 (SIRT1)

The role of sirtuin in the protecting against cellular senescence has mainly been
investigated with mammalian sirtuin isoform 1 (SIRT1), which is a species-
conserved NAD+-dependent protein deacetylase that targets acetylated lysine
residues in substrate proteins. It plays a crucial role in many cell signalling pathways
(Heger et al. 2019); indeed, its overexpression has been shown to extend the lifespan
of lower eukaryotes, such as yeast and worms, and to reduce senescence in several
cell types, particularly when exposed to oxidants (Sasaki et al. 2006). In addition, the
reduction of SIRT1 promotes premature senescence-like phenotypes in endothelial
cells (Ota et al. 2007).

Taken together, these results support the idea that SIRT1 plays a role in cellular
senescence. In vitro evidence shows that SIRT1 is capable of deacetylating a wide
variety of proteins, including AMP-activated protein kinase (AMPK), p53, mecha-
nistic target of rapamycin (mTOR) NF-κB, HSF-1, FOXO1, FOXO3, and FOXO4,
and PGC-1α by directly activating them (Chaudhary and Pfluger 2009; Saunders and
Verdin 2009), highlighting the complex network involved in longevity (Lee et al.
2019).

7.2.2 AMPK

AMPK is a pivotal energy sensor that alleviates or delays the process of fibrogenesis.
Therefore, considering that fibrosis is a common process characterized by excessive
extracellular matrix accumulation after inflammatory injury, AMPK is considered a
crucial player that orchestrates ageing and the main diseases of the heart, liver,
kidney and lung (Jiang et al. 2017; Hardie 2007; Steinberg and Kemp 2009;
Mihaylova and Shaw 2011; Reznick et al. 2007).
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Notably, Reznick et al. demonstrated that the ageing process is associated with a
decline in AMPK, suggesting a reduced capability of organisms to respond to
age-related stress (Reznick et al. 2007). Accordingly, several studies have
highlighted that upregulated AMPK expression may be associated with a prolonged
lifespan in lower organisms (Ulgherait et al. 2014; Stenesen et al. 2013).

7.2.3 mTOR

mTOR is a serine-threonine kinase that senses and integrates diverse environmental
and intracellular signals, such as those initiated by growth factors and nutrients, to
direct cellular and organismal responses (Saxton and Sabatini 2017). It is evolution-
arily conserved, its name is derived from the first inhibitor rapamycin found to affect
this signal transduction pathway, which is identified in the 1970s (Pazoki-Toroudi
et al. 2016).

mTOR has been recognized as a regulator of lifespan of stem cells in the
nematode Caenorhabditis elegans (Vellai et al. 2003), in the fruit fly Drosophila
melanogaster (Kapahi et al. 2004) and in the yeast strain Saccharomyces cerevisiae
(Kaeberlein et al. 2005). The inhibition of mTOR by rapamycin doubles the lifespan
of these simple organisms and in more developed animal species, including rodents;
suggesting that also mTOR network can be considered as a regulator of ageing and
lifespan (Harrison et al. 2009; Selman et al. 2009).

Moreover, recently, a main role of mTOR in the promotion of SASP has been
suggested, leading to hypotheses implicating its role in inflammation and in the
increase in mitochondrial mass and markers of mitochondrial activity (Weichhart
2018).

7.2.4 MAPK/ERK

The mitogen-activated protein kinase (MAPK) signalling pathway is shared by four
distinct cascades, which have been named accordingly to their components: extra-
cellular related kinase (ERK1/2), Jun amino terminal kinase (JNK1/2/3), p38 MAPK
and ERK5. These enzymes are activated through a sequential phosphorylation
cascade that amplifies the signals transduced from the cell membrane to the nucleus.
Depending on the duration and magnitude of its expression and its subcellular
localization, ERK regulates various cell responses, such as proliferation, migration,
differentiation and death (Ramos 2008). In particular, the activation of the ERK
pathway can induce senescence; indeed, an increase in β-galactosidase activity and
an induction of classical senescence-associated genes, including p16 and p21, have
been reported (Denoyelle et al. 2006). Recent evidence has revealed that numerous
bioflavonoids, obtained from a variety of dietary fruits, plants and medicinal herbal
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sources, exhibit protective functions against the development of neurodegenerative
diseases, mainly through the modulation of different compartments of the ERK
signalling pathway (Farzaei et al. 2018).

7.2.5 Classification of Polyphenols

Polyphenols are one of the most abundant and extensively studied family of chemi-
cal entities, naturally produced by the plant kingdom (Bravo 1998). Polyphenols can
be found in fruits, vegetables, nuts, seeds, flowers and tree bark. These components
are involved in the attraction of pollinators, execution of structural functions,
defence against ultraviolet radiation and protection against microbial invasion and
herbivores (Manach et al. 2004). A wide number of substances containing numerous
hydroxyl moieties on aromatic rings are included in this family. Furthermore, this
class of compounds is highly diversified and comprises several subgroups, ranging
from rather elementary substances, such as phenolic acids and stilbenes, to complex
polymerized molecules, such as tannins (Cheynier et al. 2017). Natural polyphenols
are present in nature in conjugated form, with one or more sugar residues associated
with a hydroxyl group, although the direct linkage of a sugar unit to an aromatic
carbon atom can also occur. Monosaccharides, disaccharides and oligosaccharides
are also attached (Bravo 1998). Polyphenols are usually classified on the basis of the
number of phenol rings and by the structural components that bind these rings
together; therefore, phenolic acids, flavonoids, stilbenes and lignans are naturally
produced (Fig. 7.1). Moreover, flavonoids can be further organized into distinctive
subgroups, including anthocyanins, flavan-3-ols, flavones, flavanones and flavonols
(Fig. 7.2) (Bravo 1998; Manach et al. 2004; Tsao 2010).

With regard to the physical properties of polyphenols, they played a critical role
in determining the sensory and nutritional characteristics of foods and, in addition, to
pigmentation. Although some volatile polyphenols, such as vanillin and eugenol, are
extremely potent odorants; the most common flavour perceptions stimulated by
polyphenols are astringency and bitterness, primarily elicited by flavonol polymers
(proanthocyanidins or condensed tannins) (Bravo 1998; Lesschaeve and Noble
2005).

7.2.6 Phenolic Derivatives

Oleuropein, a polyphenol typically found in extra-virgin olive oil, in cultured
neuroblastoma and in a mouse model of amyloid beta (Aβ) deposition, triggers
autophagy through a rapid release of Ca2+ from stores, which in turn activates the
phosphorylation and activation of AMPK. The link between AMPK activation and
mTOR inhibition has also been observed in animal models, supporting the idea that
autophagy activation by oleuropein proceeds through mTOR inhibition (Rigacci
et al. 2015).
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PHENOLIC ACIDS (C6-C1 and C6-C3)

STILBENES(C2-C6-C1-C3-C6)

FLAVONOIDS (C6-C3-C6) LIGNANS (C6-C3-C3-C6)

CURCUMINOIDS(C6-C3-C1-C3-C6)

Fig. 7.1 Chemical structures of polyphenols classes
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7.2.7 Resveratrol and Other Stilbene Derivatives

A wide body of evidence suggests the positive effects of resveratrol (RSV), a well-
known stilbene derivative, for enhancing health through multiple signalling
pathways. First, RSV is recognized as a potent activator of the SIRT1 enzyme
(Abolaji et al. 2018).

Interestingly, Smith et al. have shown that an innovative formulation of RSV,
called SRT501, has a molecular profile similar to that observed under calorie-
restricted conditions in both genetically and diet-induced obese mice. Recently,

FLAVONES
FLAVANONES

ISOFLAVONES FLAVONOLS

FLAVONONOLS FLAVANOLS

ANTHOCYANIDINS

Fig. 7.2 Chemical structures of flavonoids sub-classes
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other polyphenols structurally similar to RSV can activate SIRT1, as demonstrated
in in vivo investigations, producing effects very similar to those of calorie restriction
(Smith et al. 2009). Furthermore, RSV is able to induce AMPK, even in SIRT1-
knockout mice, ensuring additional effective protection against ageing (Cheng et al.
2019). In zebrafish, retinal is involved in the same signalling pathways, and it has
been hypothesized that RSV inhibits mitochondrial dysfunction through this path-
way (Wang et al. 2019).

It has been demonstrated that RSV can modulate several mechanisms involved in
cognitive decline, including antioxidant, anti-inflammatory and anti-apoptotic pro-
cesses and autophagy regulation; however, it also increases blood flow and enhances
the plasticity of synaptic pathways, suggesting that these functions can be, at least in
part, the means through which RSV can be leveraged to support healthy ageing
(Fontana 2009). Moreover, RSV activates the transmembrane protein α-secretase,
which is associated with the formation of a soluble, non-amyloidogenic—non
plaque-forming—protein from the amyloid precursor protein (APP) located in the
membrane of neuronal cells. Interestingly, when soluble APP is produced, any
neuritic plaque, a hallmark feature of AD, is formed. Indeed, APP is modified
through a pathway that involves two additional enzymes, β- and γ-secretase,
which sequentially process the APP protein, leading to the formation of insoluble,
amyloidogenic oligomers or fibrils. Under these conditions, neuritic plaques are
formed, suggesting the crucial role of RSV for understanding the aetiology of AD
(Adlard et al. 2009; Mandel et al. 2008; Rao et al. 2020).

In addition, Benitez et al. have suggested that RSV may exert anti-proliferative
and apoptotic effects by mediating the inhibition of NF-κB, as observed during
in vitro studies of human prostate cancer cells (Benitez et al. 2009).

Moreover, RSV, in fish gut, reverses senescence-associated β-galactosidase
activity, downregulates the levels of proinflammatory cytokines, IL-8 and TNFα,
and upregulates the expression of the anti-inflammatory cytokine IL-10. Further-
more, RSV increases SIRT1 expression and inhibits NF-κB by decreasing RelA/p65,
Ac-RelA/p65 and p-IκBα levels and by increasing the interaction between SIRT1
and RelA/p65. Moreover, it reverses the decline in intestinal epithelial cells (IECs)
and intestinal stem cells (ISCs) in fish gut caused by ageing (Liu et al. 2018).

Interestingly, RSV alone or in combination with exercise significantly increases
the expression of phosphorylated AMPK and SIRT1, decreases the expression of
acetyl P53 and the Bax/Bcl-2 ratio in aged rats, showing significant improvement in
gastrocnemius muscle morphology and ultrastructure and having possible positive
effects in sarcopenia, an age-related syndrome characterized by progressive loss of
muscle mass and function (Liao et al. 2017). Recently, RSV has been correlated with
an improvement in the osteogenic differentiation of mesenchymal stem cells in bone
through the activation of the AMPK signalling pathway (Zhou et al. 2019).
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7.2.8 Curcumin

Curcumin (CRM) is a ferulic derivative obtained from the rhizome of Curcuma
longa, commonly used as a spice (curry and turmeric) and yellow food dye (E100). It
has a pleiotropic profile due to its ability to interact simultaneously with many
receptors, growth factors, kinases, transcription factors, enzymes, adhesion
molecules, apoptotic regulators, proinflammatory cytokines and other compounds
(Bielak-Zmijewska et al. 2019). Furthermore, CRM upregulates and downregulates
different kinds of miRNA and participates in epigenetic changes, such as the
regulation of histone acetyltransferases and histone deacetylases (Gupta et al.
2013; Boyanapalli and Kong 2015; Remely et al. 2015; Reuter et al. 2011). Several
in vitro and in vivo preclinical studies have demonstrated the potential therapeutic
value of CRM against ageing-associated disorders, including atherosclerosis, hyper-
tension, diabetes, neurodegenerative diseases, osteoporosis and cancer. In fact, it is
the object of clinical trials for the treatment of these disorders (Kumar et al. 2018).

In particular, CRM reduces amyloid burden, rescues neuronal damage and
restores normal cognitive and sensory motor functions in different animal models
of neurodegenerative diseases (Maiti and Dunbar 2018). In this regard, CRM binds
Aβ plaques, reducing their neurotoxicity and initiating their degradation; CRM
injected intraventricularly in Aβ1–42-expressing rats reduces the cognitive decline
and promotes hippocampal regeneration (Voulgaropoulou et al. 2019). At the
vascular level, CRM increases the level of sirtuins and AMPK in vascular smooth
muscle cells undergoing replicative senescence (Grabowska et al. 2016). Finally,
mice and rats receiving CRM supplements showed enhanced effects from exercise in
terms of time until exhaustion and prevention of fatigue, most likely because of an
increased level of AMPK and SIRT1 expression and/or activation in muscles
(Huang et al. 2015; Ray Hamidie et al. 2015).

7.2.9 Classification of Flavonoids

Flavonoids are abundantly present in plants as secondary metabolites. The basic
chemical structure of flavonoids is represented by two benzene rings (A and C)
connected by a pyran ring B (Fig. 7.2). One of the benzene rings (A) is fused with the
pyran ring, while the other benzene ring (C) is attached as a substituent to the pyran
ring. Various derivatives of flavonoids are produced, depending on the pattern of
substitution on the benzene rings and of the oxidation and saturation status of the
pyran ring.

Therefore, isoflavones present a benzene ring (C) attached to position 3 of the
pyran ring and are typical of various natural products, mainly soybean (Wang and
Murphy 1994).

Neoflavonoids have a benzene ring (C) attached to position 4 of the pyran ring
(Donnelly and Boland 1995).
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Flavones contain a double bond in the pyran ring between positions 2 and 3 and
hydroxyl substituents in both aromatic rings (Fukui et al. 1968).

Flavonols differ from the flavones in the hydroxyl group at position 3 of the pyran
ring; indeed they are the alcoholic derivatives of flavones and generally, they are
known as 3-hydroxyflavones.

Flavanones, saturated flavones, are also known as dihydroflavones. They differ
from flavones and flavanones for the absence of a double bond between positions
2 and 3. Flavanones are characteristic, but not exclusive, to the Citrus genus.

The flavanonols are 3-hydroxy flavanones and are also called dihydroflavonols.
They present a saturated pyran ring, a hydroxyl group at position 3 and a carbonyl
group at position 4.

Finally, flavanols, also called flavan-3-ol, are lacking of a carbonyl group at
position 4. The pyran ring is saturated and disubstituted at positions 2 and 3. This
chemical characteristic leads to four possible diastereomers of the flavanol. In
flavanols, the benzene ring (C) is attached to position 2, while the hydroxyl groups
are attached at position 3 of the pyran ring (Ayaz et al. 2019).

7.2.10 Evidence of Anti-Ageing Properties of Flavonoids

Several flavonoids have been demonstrated to inhibit the progression of age-related
neurodegenerative pathologies and to alleviate cognitive deficits in numerous normal
and transgenic preclinical animal models. Indeed, flavonoids are recognized as
inhibitors of cholinesterases, including acetylcholinesterase and butyrylcholinesterase;
β-secretase; and free radicals and considered possible modulators of the signalling
pathways implicated in cognitive and neuroprotective functions. Moreover, flavonoids
can to interact with various signalling protein pathways, including ERK and
PI3-kinase/Akt, to modulate their actions, thereby leading to beneficial
neuroprotective effects. Finally, they enhance vascular blood flow and stimulate
neurogenesis, particularly in the hippocampus (Macready et al. 2009; Spencer 2010;
Zhang et al. 2019a).

7.2.10.1 Anthocyanidins
Berry fruits, which contain high amounts of flavonoids, especially anthocyanidins,
have received particular attention for preventing age-related cognitive decline. In
particular, blueberry supplements has been shown to improve memory and learning.
Moreover, a long-term prospective study on neurologically healthy elderly people
emphasized that increased intake of berry anthocyanidins is associated with a slower
rate of cognitive decline and delays in the onset of deficits by approximately
2.5 years (Bakoyiannis et al. 2019).
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7.2.10.2 Flavanols
A number of preclinical and clinical evidence points to the beneficial effects of
flavanols in age-related disorders, particularly neurodegenerative and cardiovascular
disorders. Cocoa and green tea contain high amounts of flavanols, among which are
epicatechin, catechin and their derivatives (Ottaviani et al. 2018).

Evidence suggests that cocoa flavanols can benefit brain function via mechanisms
that include enhanced neuronal plasticity and cerebrovascular function. For exam-
ple, epicatechin has been found to enhance the retention of spatial memory in male
C57BL/6 mice (8–10 weeks old), particularly in combination with exercise, and
catechins of green tea administered to 14-month-old female mice for 6 months
prevented spatial learning and memory decline (Yevchak et al. 2008; Mastroiacovo
et al. 2015; Alonso-Alonso 2015). An increase in hippocampal brain-derived
neurotrophic factor has also been observed in adult C57BL/6 mice treated with
4 mg/day of epicatechin (Stringer et al. 2015). Cocoa flavanol intake for 2 weeks
improved flow-mediated dilatation in both the young and elderly patients included in
the clinical study, where it enhanced arteriolar and microvascular vasodilator capac-
ity and decreased systolic blood pressure (Heiss et al. 2015). More recently, cocoa
flavanol consumption was found to improve the endothelial functional integrity in
healthy humans, thereby decreasing endothelial microparticle levels, a marker
inversely correlated with flow-mediated dilation (Gröne et al. 2019).

7.2.10.3 Citrus Flavanones
Recently, the citrus flavonoids naringenin (NAR) and hesperetin (HSP) have been
reported to prevent senescence. In particular, Da Pozzo and colleagues demonstrated
that a juice obtained from Citrus bergamia, Rizzo, called bergamot, (BJ) was able to
induce antioxidant effects and to inhibit the expression of senescence markers
(β-galactosidase, p16 and p21) in cardiomyoblasts subjected to damage following
treatment with doxorubicin or hydroxyperoxide. Moreover, BJ upregulated SIRT1,
Nrf2 and FOXO3 expression in 12-month-old mice that had received it as a
supplement for 3 months (Da Pozzo et al. 2018).

NAR is well known for the anti-ischemic cardioprotective profile it confers to
adult rats, which is mediated by stimulation caused by large-conductance calcium-
activated potassium channels in mitochondria (Martelli et al. 2013). Later, Testai
et al. confirmed that this profile is maintained in older animals (12 months),
suggesting that NAR could be considered a valid supplement that benefits elderly
patients (Testai et al. 2017).

Interestingly, Testai and colleagues recently demonstrated that NAR is endowed
with anti-senescence activity, which it confers through the activation of the SIRT1
enzyme. Indeed, NAR presented a similar profile to that presented by BJ with respect
to senescent doxorubicin-treated cardiomyoblasts, showing a reduction in
β-galactosidase and in p21 and p16; moreover, these researchers demonstrated that
NAR administered to 12-month-old mice for 6 months inhibited oxidative stress,
chronic inflammation and fibrosis processes at the myocardial level (Da Pozzo et al.
2017). It is noteworthy that NAR slowed the progression of degenerative processes
in a retinitis pigmentosa model (Piano et al. 2019).
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HSP has antioxidant properties that are not limited to its radical scavenging
activity; in fact, HSP exhibits a pivotal role in senescence processes by enhancing
cellular antioxidant defences via the ERK/Nrf2 signalling pathway (Parhiz et al.
2015; Kim et al. 2006). Of note, HSP-glycoside (hesperidin) can inhibit ROS
production in Saccharomyces cerevisiae, as demonstrated by the reduction in SOD
gene expression. This effect seems to be correlated with an increase in Sir2 activity
(homologue of the mammalian SIRT1 enzyme) (Sun et al. 2012). HSP also signifi-
cantly reduces the secretion of inflammatory cytokines, including IL-1β and IL-6,
and downregulates the phosphorylation of ERK/MAPK pathway components during
LPS-induced neuroinflammation involving BV2 cells (Jo et al. 2019).

7.2.10.4 Flavonols
Quercetin (QRC) is the main flavonol in the daily human diet, and most of the
quercetin in plants is in the glycoside form. QRC has been demonstrated to modulate
sirtuins and to protect against several chronic diseases; in particular, this flavonol
stimulates the SIRT1 enzyme both in vitro and in vivo models through direct and
indirect mechanisms (Howitz et al. 2003; Trevino-Saldana and Garcia-Rivas 2017).
Notably, the role of QRC is not restricted to SIRT1; in fact, it also upregulates SIRT2
expression in vivo (Peredo-Escarcega et al. 2015), and similar to kaempferol, it can
inhibit SIRT6 (Rahnasto-Rilla et al. 2018). In this regard, through molecular docking
approaches the mechanisms involved in the modulation of the SIRT6 enzyme by
QRC and its derivatives have been investigated. The authors of these studies
observed that diquercetin preferred a binding site in the nicotinamide (NAM)
moiety, whereas 2-chloro-1,4-naphthoquinone-quercetin preferred to dock at a sub-
strate binding site, leading to speculation that different interaction sites are involved
in QRC activity; indeed, diquercetin competes with nicotinamide adenine dinucleo-
tide (NAD+), whereas 2-chloro-1,4-naphthoquinone-quercetin competes with the
acetylated substrate in the catalytic site of SIRT6 (Papaevgeniou and Chondrogianni
2018).

A short treatment with QRC plus caloric restriction (but not alone) is effective to
counteract t age-related accumulation of oxidative macromolecular damage, includ-
ing the decline in SOD and catalase activity, counteract, in 21-month-old Wistar rats
(Alugoju and Periyasamy 2018). An interesting reaction in which antioxidant
defences were ameliorated has also been observed in mice with D-galactose-induced
neurotoxicity. The administration of QRC at 20 and 50 mg/kg for 8 weeks improved
mouse learning and memory compared to the memory and learning observed in the
control mice. QRC also prevents changes in neuronal cell morphology and apoptosis
rate in the hippocampus, and it increases the expression of Nrf2, HO-1 and SOD in
D-galactose-treated mice. Finally, the abolition of these effects in the presence of a
Nrf2 inhibitor corroborates the involvement of the Nrf2-ARE signalling pathway in
the beneficial action of QRC (Dong et al. 2017).

Sarubbo et al. reported in vivo effects of long-term QRC administration in
18-month-old Sprague-Dawley rats when administered in combination with
silymarin and naringenin (20 mg/kg/day i.p., 4 weeks). The restorative effects of
QRC on cognition and motor coordination were consistent with the biochemical and
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molecular results. In addition, polyphenols increased SIRT1 levels and decreased
NF-κB levels in the hippocampus, confirming it is a valuable potential therapeutic
for attenuating inflammation and brain function decline (Sarubbo et al. 2018).

Fisetin is another flavonol with a promising senotherapeutic profile; indeed, an
acute or intermittent fisetin treatment of progeroid and aged mice reduced senes-
cence markers in multiple tissues in a dose-dependent manner (Yousefzadeh et al.
2018).

Of note, fisetin suppresses markers of senescence in vivo in transgenic mice
characterized by accelerated accumulation of senescent cells but not in wild-type
mice, suggesting that this natural compound intriguingly can confer specific health
benefits to elderly patients (Yousefzadeh et al. 2018).

Furthermore, Wistar rats that received fisetin supplements had modulated mem-
brane transporters, namely, calcium-ATPase, sodium potassium-ATPase and
sodium hydrogen exchanger, during senescence-induced by D-galactose and during
natural ageing. Fisetin also protected against oxidative modifications in rat ageing
(Singh et al. 2019).

7.2.10.5 Flavones
Chrysin, an abundant flavone present in honey and propolis, at a dose of 10 mg/kg
significantly protects against age-related memory decline, attenuating the increase in
ROS levels and the inhibition of SOD, CAT and GPx action in aged mice. Moreover,
chrysin markedly mitigates the decrease in brain-derived neurotrophic factor
(BDNF) levels in prefrontal and hippocampal regions (Souza et al. 2015). Generally,
chrysin supplementation for 8 weeks, protected against oxidative damage from with
the exposure to D-galactose, as confirmed by histopathological evaluation (Anand
et al. 2012).

More recently, Farkhondeh et al. observed that chrysin was effective in
attenuating age-related lipid abnormalities, glucose elevation and inflammation, in
young (2-month-old) and old (20-month-old) rats (Farkhondeh et al. 2019).

7.2.10.6 Isoflavones
Anti-senescence activity has also been demonstrated by genistein, an isoflavone, in
human umbilical vein endothelial cells. This effect seems to be associated with
induced autophagy through the involvement of the SIRT1/AMPK pathway (Zhang
et al. 2019b). Similarly, formononetin (another isoflavone) has been associated with
cardioprotective effects in a model of ischaemia/reperfusion injury in the hearts of
aged rats, which was also induced through enhanced autophagy (Huang et al. 2018).

7.2.11 Bioavailability of Polyphenols: A Limit to or an Advantage
for Clinical Efficacy?

A body of evidence on human disease models demonstrates beneficial effects of
polyphenolic compounds, however, the development of new and effective
treatments greatly depends on obtaining a greater understanding of the
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bioavailability and metabolism of polyphenols (Cheynier et al. 2017). After oral
intake, polyphenols are rapidly hydrolysed into the aglycones by lactase-phlorizin
hydrolase or cytosolic β-glucosidase in the small intestine or by bacterial
glycosidases in the colon. The plasma concentrations in humans after intake of
polyphenol-rich food can reach to a maximum on the order of several μM (Murota
et al. 2007; Mullen et al. 2006). The aglycones are further metabolized through phase
reaction into glucuronides by UDP-glucuronosyltransferase and/or sulphates by
sulfotransferase, and those with the catechol moiety can also be methylated by
catechol-O-methyltransferase (COMT) (Nemeth et al. 2003; Murota and Terao
2003; Kawai 2018). Indeed, phase reactions are generally recognized as responsible
for production of more polar, hydrophilic, and biologically inactive molecules that
are more readily excreted in urine.

Most recently, the interactions between polyphenols and intestinal microbiota
have been considered crucial to gaining greater knowledge of the metabolic destiny
of these natural compounds. Indeed, recent evidence suggests the existence of
reciprocal relationship between polyphenols and microbiota. On the one hand,
microbiota, in the gastrointestinal tract, can influence the absorption and bioavail-
ability of polyphenols in ingested food, and on the other hand, the microbiota can
also influence the metabolism of polyphenols, leading to the production of propionic
and acetic derivatives, also known as short chain fatty acids (SCFAs). Interestingly,
SCFAs are thought to greatly modulate the local immune system and intestinal
permeability and are critical to the microbiota composition. Therefore, SCFAs
have been suggested to have the ability to stimulate mitochondrial biogenesis and
metabolism; specifically, it has been hypothesized that, despite the low bioavailabil-
ity of polyphenols, significant beneficial effects can be mediated by their microbiota-
produced metabolites. In light of this hypothesis, a substantial impact on the
potential benefits of polyphenols has been correlated with the intestinal microbiota
population (Kumar Singh et al. 2019). Further work is required to fully understand
the complex interactions between polyphenols and the microbiota and to determine
the exact nature of their subsequent local and systemic health benefits, particularly in
humans.
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Abstract

Inflammaging is the continuation of a mild chronic asymptomatic inflammation
over a long time in the body, followed by clinical symptoms of aging as the result.
This process underlies many diseases associated with aging, including cancers,
diabetes, and diseases with cognitive decline. There is a variety of anti-
inflammatory agents to help prevent or ameliorate the process. Best and most
frequent natural sources that contain anti-inflammatory agents are the food and
herbs, out of which there are some dietary supplements manufactured as well.

Major anti-inflammatory components in food include certain amino acids,
vitamins, and minerals, and most importantly, polyunsaturated fatty acids. As it
is hard to precisely separate food from edible herbs—since some herbs are a part
of the daily diet—the great family of polyphenols is discussed as the major anti-
inflammatory in herbs, despite their existence in what is called food, as well. The
molecular mechanisms of the most frequent and effective agents and their role in
the prevention of certain diseases related to inflammaging are discussed. And
finally, briefly categorized tables are composed, to compare the sources of the
compounds in more detail.
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8.1 Inflammation

Inflammation is a process occurring in response to an infection or injury in the body.
It involves many specific cell pathways and cytokine release that cope with the
unusual cells; and it may come to production of cells or factors that might cause
pathological conditions themselves, this is associated with the incapability of the
immune system to distinguish self from non-self (Fasano 2012). This is where the
inflammation can be potentially harmful. If the underlying cause of inflammation is
not removed, the inflammatory processes will continue until they fall into a chronic
inflammatory state.

Inflammaging refers to the condition in which a prolonged, low-grade inflamma-
tion is triggered and continued for a part of a life span, which is in this term, the aging
span. It is at first subclinical, with no notable symptoms, but it will eventually show
up with diseases, the predominant ones being cancers, and diseases related to
cognitive decline as well as diabetes and other metabolic disorders. Table 8.1
overviews the common diseases and symptoms of inflammation. Franceschi et al.
have described and discussed the pathophysiology associated with inflammaging in
their review (Franceschi and Campisi 2014). As proposed by them, there are six
main sources to inflammaging:

1. the damaged cells and macromolecules (which should have been eliminated but
accumulated); these could mimic a possible inflammatory state as they appear
pathogenic to the immune system.

Table 8.1 Common diseases associated with inflammaging

Neurologic and cognitive disorders Alzheimer’s Disease
Parkinson’s Disease
Multiple Sclerosis
Bipolar Mood Disorder
Major Depression Disorder
General Anxiety Disorder

Metabolic disorders Diabetes
Dyslipidemia

Cancers Gastric cancer
Colorectal cancer
Pancreatic cancer
Hepatocellular carcinoma
Bladder cancer
Prostate cancer

Eye and vision Cataract
Macular degeneration

Joint and skeletal Arthritis

Cardiovascular diseases Hypertension
Ischemic heart diseases and atherosclerosis

Pulmonary diseases Infection
Lung cancer
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2. products of the bacteria of the normal flora. Along with aging, the ability of the
intestinal cells to prevent leakage to the inner tissues decreases, which allows
more pathogenic molecules to be introduced to the immune system.

3. persistently senescent cells, because they produce high amounts of
proinflammatory cytokines

4. Increased activation of the coagulation system
5. Immunosenescence; As adaptive immunity declines with aging, the innate

immune system increases its activity, which does not possess the specificity of
the adaptive immunity.

6. Dysregulation in the complement pathway, a cause for many degenerative
diseases associated with aging

One of the most significant changes in chronic inflammation is the imbalanced
ratio of proinflammatory to anti-inflammatory cytokines. Cytokines are the dominant
factors in inducing or suppressing the inflammation. The mechanisms involved are
generation of molecules with the ability to eliminate the undesired, such as ROS, or
the iNOS protein; producer of NO, which plays an active role in inflammation in the
neurons, joints, and lung (Sharma et al. 2007). Abundant ROS can cause DNA
damage and genome instability, thereby inducing cancer. It also promotes tumor
proliferation, angiogenesis, and survival (Wu et al. 2014). NF-κB is a protein
activated by proinflammatory stimuli such as viruses, cytokines, oncogenes, toll-
like receptors, etc. This protein is also tumorigenic as it mediates cell proliferation
and angiogenesis (Wu et al. 2014). Moreover, the ROS, NO, cytokines, and
prostaglandins are the main actors in inducing inflammation in the CNS, following
different proteinopathies, which stand for the neurodegenerative state caused by over
activated microglia (Glass et al. 2010).

During the subclinical period of inflammaging, lifestyle intervention, including
exercise and healthy diet, contribute to prevent or delay the progression of
inflammation.

Healthy diet, such as Mediterranean pattern, has been recognized as one of the
best approaches to ameliorate the inflammatory status, due to the high amount of the
bioactive compounds that have been found to be efficient in treatment of inflamma-
tion; some of them are also used as supplements or nutraceuticals. Many vitamins
and minerals fall into this category; however, they are mainly taken by the normal
daily diet. It is only of importance that necessary considerations be taken regarding
the changes in the need for vitamins and minerals, especially those with an anti-
inflammatory role, in the elderly.

8.2 Food

Poor nutrition contributes to many chronic aging diseases, including cardiovascular
diseases, diabetes and most importantly, cancer. It is known what a poor diet might
consist of; however, what exactly a “rich” or healthy diet might mean, varies upon
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individuals, for the beneficial and detrimental sides of the constituents might be
difficult to describe. Subsequent studies at the end of the twentieth century focused
on diets rich in plants and fruits, as they showed a promise to prevent cancer. These
studies had focused on the radical scavenging and antioxidant characteristics of the
natural constituents, including polyphenols, flavonoids, and tannins.

Dominant contents that a diet covers, which could influence the inflammatory
state are vitamins, minerals, amino acids, and beneficial fats, i.e. long chain fatty
acids.

8.2.1 Vitamins and Minerals

Vitamins and minerals are essential to the diet at any age; however, their amount of
intake changes during aging. Some of them, such as Zinc, Folate, vitamin B12,
Calcium, and vitamin D have an anti-inflammatory activity. It is only recommended
that vitamins and minerals should be taken within the normal dosage range as they
are normally found in a rich and healthy diet. Main mechanisms are charted in
Table 8.2.

8.2.2 Amino Acids

Amino acids have a variety of functions in the body. Some have antioxidant and anti-
inflammatory effects. Most effective ones are Arginine, Glutamine, L-carnitine,
Tryptophan, Creatine, and Taurine. A number of in vivo studies evaluated their
efficacy as a supplement/nutraceutical in reducing inflammation. Main mechanisms
are charted in Table 8.3, in vivo studies in Table 8.4 as well.

Table 8.2 Main anti-inflammatory mechanisms of the vitamins/minerals

Vitamin/
mineral Anti-inflammatory mechanism Ref.

Vitamin
B12

May inhibit the inflammatory mediators Hosseinzadeh et al.
(2012)

Folate Through folate receptor beta on activated macrophages Poh et al. (2017)

Calcium Major role is through calcium sensing receptors, which
promote inflammatory response in deficiency of calcium

Hendy and Canaff
(2016)

Zinc Modulation of NF-κB, regulation of inflammatory
cytokines

Gammoh and Rink
(2017)

Vitamin
D

Might reduce inflammatory markers specially NF-κB,
modulates lymphocytes and immunoglobulins

de Carvalho and
Ribeiro (2017)
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8.2.3 Omega-3 Fatty Acids

Omega-3 fatty acids are polyunsaturated fatty acids (PUFA), having their last pi
bond between C3 and C4. Most active biological omega-3 acids include
eicosapentaenoic acid (EPA, 20:5n-3), docosapentaenoic acid (DPA, 22:5n-3), and
docosahexaenoic acid (DHA, 22:6n-3). Omega 6 fatty acids are characterized by a
double bond between the C6–7. These fatty acids have a major role in preventing the
inflammation.

It is thought that PUFAs will integrate into the membrane of many cells, includ-
ing immune cells, e.g. macrophages, lymphocytes, and neutrophils. This integration
stands for the fatty acid composition, when responding to the inflammatory stimuli,
i.e. the more (PUFA) in the membrane of the cells, the more they will be involved in
the eicosanoid cascade (Calder 2015). This hypothesis has been proved in several
studies (Healy et al. 2000; Faber et al. 2011; Thies et al. 2001; Kew et al. 2003). By
an inflammatory trigger, phospholipase A2 will release the ARA from the mem-
brane; however, it is clear that by a decreased amount of ARA, the omega-3 fatty
acids will substitute the ARA, and stand as substrates for the COX and LOX
enzymes. This has been further detailed below.

The cascade of biological inflammatory response involves two main pathways.
The N-3 pathway results in the production of PGE3 (anti-inflammatory), the n-6
produces Dihomo-gamma-linolenic acid, which, if interrupted by the environmental
factors, will be the substrate for the production of PGE1 (anti-inflammatory). But
when continued, it produces Arachidonic acid, the primary substrate for COX, LOX,
and CYP450 enzymes, responsible for PGE2 and leukotriene production (inflamma-
tory). The two pathways are linked to same enzymes (mostly elongase and
desaturase); but what determines the predominant pathway, will be the availability
of the nutrients needed for each equation, as well as the metabolic environment
(Mahan et al. 2017). Hence, a well-thought diet will have to make sure of adequate
intake of n-3 fatty acids, and the supplements and minerals supporting the PGE1 and
PGE3 production Table 8.5.

Table 8.3 Main anti-inflammatory mechanisms of the amino acids

Amino acid Anti-inflammatory mechanism Ref.

Arginine Suppresses T cell function Raber et al. (2012)

Glutamine Activates MKP-1 and inhibits NF-κB and MAPK Kim et al. (2015)

L-carnitine Inhibits NF-κB Koc et al. (2011)

Tryptophan Suppresses T cell function Santhanam et al.
(2016)

Creatine Reduces inflammatory mediators, including TLRs and
NF-κB

Riesberg et al. (2016)
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Linoleic acid (18:2n-6)                                    alpha Linolenic acid (18:3-n3)

gamma Linolenic acid (18:3n-6) Stearidonic acid (18:4n-3)

Dihomo-gamma-linolenic acid (20:3n-6) Eicosatetraenoic acid (20:4n-3)

Arachidonic acid (20:4n-6) Eicosapentaenoic acid (EPA, 20:5n-3)

Adrenic acid Docosapentaenoic acid (DPA, 22:5n-3)

Docosahexaenoic acid (DHA, 22:6n-3)

Apart from the role of Omega-3 fatty acids in enhancing the lipid profile, their
role in the prevention of Arachidonic acid-derived products will induce the hypoth-
esis of preventing inflammation caused by 2-series prostanoids, such as rheumatoid
arthritis (RA). Some clinical trials have reported anti-inflammatory effects of omega-
3 rich diets in the RA (Kremer et al. 1985, 1987; Cleland et al. 1988).

8.2.3.1 Dosage Considerations
There seems to be a threshold for the anti-inflammatory responses of n-3 fatty acids
(Calder 2015). Based on a trial, an intake of more than 2 grams per day of
DHA + EPA is needed to trigger the effects (Calder 2015; Rees et al. 2006). On
the other hand, it is also important not to go beyond a maximum border of daily
intake, this will suppress the arachidonic acid production, affecting the balance of the
two pathways (Mahan et al. 2017).
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8.2.3.2 Omega3 Fatty Acids in RA
A number of clinical trials supported omega-3 supplementation alongside rheuma-
toid medications. A trial on almost 700 patients with early RA suggests that taking
higher amounts of omega 3 a year before the initiation of disease modifying
antirheumatic drug (DMARD), might yield to better outcomes of the drug therapy
(Lourdudoss et al. 2017). Level of omega-3 is also associated with the inflammatory/
refractory pain of early RA patients receiving methotrexate for 3 months
(Lourdudoss et al. 2018). A study evaluated the rate of concomitant need to
analgesics after consumption of 3.6 g of EPA and 4.2 g of DHA daily for
12 weeks (Rajaei et al. 2016). They reported an improved disease state as well as
a reduction in need for analgesics.

8.2.3.3 Omega3 Fatty Acids in Cardiovascular Diseases
Omega-3 can impact the cardiovascular system through several mechanisms. They
are capable of decreasing blood cholesterol and triglyceride, preventing vessel
stiffness and atherosclerosis. Omega-3 can relax the smooth muscle of the veins,
which will enhance vasodilation. They also promote endothelial function. With their
antioxidant activity besides their anti-inflammatory effects, they are considered key
nutrients in cardiovascular complications of aging. Several studies have evaluated
their role as nutrients in cardiovascular system (Pase et al. 2015; Casanova et al.
2017; Colussi et al. 2017).

8.2.3.4 Omega 3 Fatty Acids and Neuroinflammation
There are plenty of data on the role of omega-3 in preventing cognitive decline or
maintaining metabolic status in neurodegenerative diseases. Both anti-inflammatory
and antioxidant activity of omega-3 are the main mechanisms for these effects.
Moreover, long-term metabolic imbalances like dyslipidemia are risk factors for
the Alzheimer’s disease, which could be modulated with omega-3 supplementation.

The major neuroprotective role of omega-3 is their lipid balancing property that is
discussed in studies, rather than an antioxidant activity. As amyloid precursor
protein (APP) and the secretases are integrated into the lipid bilayer of the cells,
lipid balance will be of importance (Grimm et al. 2017). Although trials suggest
positive changes in memory function and cognition, there is no definite conclusion
(Grimm et al. 2017; Shinto et al. 2014; Samieri et al. 2017; Külzow et al. 2016). Yet,
as omega-3 is generally regarded as safe (GRAS), a usual and safe daily intake could
be recommended, both as prevention or supplementation of an Alzheimer’s or
Parkinson’s disease (AD or PD) patients (Taghizadeh et al. 2017).

8.2.4 Immunomodulating Polysaccharides

There are many natural compounds who influence the immune system, especially the
innate one. Beta-glucans are polysaccharides based on glucose monomers found in
the cell walls of bacteria and fungi. They can be taken orally as dietary fiber or
supplement, and are well-known for their cholesterol lowering effects and
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immunomodulation (Liatis et al. 2009a; Behall et al. 2004). A low dose of 3 g/day of
beta-glucan (available as supplements) seems to be effective in mildly reducing
cholesterol (Bashir and Choi 2017). Their anti-inflammatory effects are widely used
in respiratory conditions like asthma and respiratory tract infections (RTI), which is
not necessarily related to aging (Bashir and Choi 2017; Sarinho et al. 2009; Talbott
and Talbott 2009, 2012).

8.2.5 Chondroitin and Glucosamine

Glucosamine and chondroitin are dietary supplements used in osteoarthritis because
of their cartilage building property. As osteoarthritis is a condition with which
mostly elderly cope, these compounds could play a role in healthy aging. However,
two reviews over their efficacy have reported no significant benefit from consump-
tion of the supplements in treating osteoarthritis (Henrotin et al. 2012; Runhaar et al.
2017). However, as they report that more data is needed to confirm the
(in) effectiveness, they could still be recommended due to the low adverse effect
profile.

Their anti-inflammatory effects are carried out through inhibiting NF-κB. A trial
of 18 healthy overweight individuals measured some inflammatory biomarkers,
including C-reactive protein (CRP), after 30 days of 1500 mg glucosamine and
1200 mg chondroitin consumption per day (Navarro et al. 2015). 23% decrease in
serum CRP was reported, and the authors concluded that this supplementation may
lower systemic inflammation. However, the data still lack in this area and more trials
have to be run to further investigate the effects.

8.3 Polyphenols

There are a variety of chemical compounds found in herbs and natural sources that
have an anti-inflammatory role. Phenols and polyphenols are a wide group of
compounds, having an anti-inflammatory activity along with antiseptic and antioxi-
dant activities, including the simple salicylic acid, rosmarinic acid, and the complex
phenolic glycosides. Phenols contain one aromatic ring, while polyphenols have
more than one. They might either be unconjugated or bound to a saccharide
molecule, and less often, to lipids, amino acids, etc. These compounds have been
widely discussed in Chap. 7.

8.3.1 Tannins

The term “tannin” refers to phenolic substances used in tanning (dyeing brown)
leather and textiles. However, the concentration of these polyphenols is too low to
make them functional for conversion into leather.
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Tannins are most used to tighten up loose or damaged tissues, as in burns, varices
or diarrhea (to dry excess secretions). Tannins are subdivided into two major groups.
Proanthocyanidin groups or condensed tannins and ellagic acid-derived.

8.3.2 Flavonoids

Flavonoids are the most common polyphenols. They are known with a 6-3-6 (no. of
the ring carbons) structure. The middle ring stands for the division of the family into
chalcones, anthocyanins and proanthocyanidins, dihydrochalcones, flavonones,
flavonols, flavones, flavonols, and isoflavones. Many flavonoids have anti-
inflammatory effects. Their mechanisms will be discussed further in the current
chapter.

Fruits have an abundant amount of flavonols and proanthocyanidins. Citrus
family contains further types of flavonoids like flavonones and flavones. Vegetables
are rich sources of flavonols, especially quercetin, which is a great anti-inflammatory
agent. Celery and lettuce contain falvones.

8.3.3 Quercetin (Meletin/Sophretin)

Quercetin is a flavanol, belonging to the flavonoid’s family. It is a well-known anti-
inflammatory molecule that exerts its effects via inhibiting the NF-κB, resulting in
prostanoid synthesis, cytokine production, and iNOS expression (Comalada et al.
2005; Morikawa et al. 2003). It is also thought to be a neuroprotective, preventing
neuronal cells from inflammatory injuries (Chen et al. 2005). Together with its
antioxidant effects, the molecule could be effective against cognitive impairment,
especially in neurodegenerative diseases, where taupathy and Beta-amyloidosis are
the problems, i.e. AD. A study on murine models of AD shows that quercetin can
decrease Beta-amyloid and taupathy in the hippocampus and amygdala
(Sabogal-Guáqueta et al. 2015). Shen et al. have proved a reduction in the rate of
tau protein hyper phosphorylation induced by okadaic acid in vitro (Shen et al.
2018). Furthermore, in another AD mouse model, mitochondrial function was
improved, as well as beta-amyloid plaque reduction, proved by higher levels of
ROS and ATP in hippocampus mitochondria (Wang et al. 2014). Quercetin
increased the AMPA protein kinase significantly, suggesting a mechanism by
which it improves cognition.

The issue over this molecule is the pharmacokinetic profile. Quercetin undergoes
significant first pass elimination and thus a high proportion of it is lost. Moreover,
further in vivo data is needed to confirm the bioavailability of the drug to the brain,
as the molecule can barely pass the blood–brain barrier (BBB) (Babaei et al. 2018).

Javadi et al. have studied the effects of 500 mg/day of quercetin for 8 weeks on
women with rheumatoid arthritis. Quercetin could significantly reduce inflammatory
markers and clinical symptoms, i.e. pain in the morning and after activity and the
early morning stiffness (Javadi et al. 2017).
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8.3.4 Isoflavonoids

Phytoestrogens are substances with estrogenic activity, though not steroids in
structure, and they include isoflavones, coumarins, stilbenes, and lignans.
“Isoflavonoid phytoestrogens” are extensively used and studied, due to their contri-
bution in human health. They are commonly referred to as isoflavonoids. The most
common types of isoflavonoids, Genistein (40,5,7-trihydroxyisoflavone), daidzein
(40,7- dihydroxyisoflavone), and glycetein (40,7-dihydroxy-6-methoxyisoflavone)
are found in the soy. They are mostly referred to as antioxidants, anti-inflammatory,
and antitumor agents, due to their estrogenic activity. The antioxidant characteristics
are discussed in Chap. 7.

8.3.5 Actions of Isoflavonoids in Human Health

8.3.5.1 Cancer and Chronic Inflammatory Disease Prevention
Genistein is an estrogen agonist. By binding to the conventional nuclear estrogen
receptor, it can mimic estrogenic effects. Moreover, there has recently been interest
in its effects on G protein-coupled estrogen receptor (GPER), one of the massive
study areas in breast cancer. This receptor is activated by estrogens (and probably
other similar ligands) and its activation leads to phosphorylation of mitogen-
activated protein kinases/extracellular signal-regulated kinases (MAPKs/ERK) path-
way, involving the adenylate cyclase and phospholipase C, and will be continued
through insulin-like growth factor-1 receptor (IGF-1R) and epidermal growth factor
receptor (EGFR) (Kuo et al. 2010; Madeo and Maggiolini 2010; Maggiolini et al.
2004; Meyer et al. 2011; Prossnitz and Barton 2011). This can be a way to estrogen’s
anti-inflammatory and antitumor activity (Blasko et al. 2009; Rettew et al. 2010),
and as the receptor can be found on microglia, its effects on the nervous system. This
might stand for the mechanism that genistein can modulate the inflammatory
response of microglia, as it is demonstrated in a recent study by Du et al.
(Du et al. 2018).

By the stimulation of microglia by the antigen, interleukin (IL)-1β, tumor necrosis
factor (TNF)-alpha, and IL-6 are the major mediators produced, in which MAPKs
signaling pathway, i.e. ERK, p38, and Jun N-terminal kinase (JNK) are involved.
They are responsible for the release of inflammatory mediators, including NO
(by iNOS) and TNF-α. Du et al.’s study on BV2 microglia demonstrated that
genistein could inhibit the MAPK pathway (Du et al. 2018). Microglial stimulation
will also free NF-κB, via the TLR4, and results in its nuclear translocation (Reed-
Geaghan et al. 2009). NF-κBs are regulators of the immune response. They are one
of the first signals activated by immunogens. ROS, heavy metals, infections,
interleukins, and TNF are of the mediators that can induce their response. The
NF-κB will then bind to the promoter region of these inflammatory mediators.
Many studies involving the NF-κB pathway use the LPS of Gram-negative bacteria
for stimulation. NF-κBs are both involved in acute and chronic inflammations,
including diseases like the rheumatoid arthritis, as well as in memory and neural
survival.

182 S. Goudarzi and M. Abdollahi



8.3.5.2 NF-kB and Inflammation
A study on the molecular effects of genistein reported several mechanisms through
which genistein can exert anti-inflammatory effects (Jeong et al. 2014). Genistein
could block the nuclear translocation of the NF-κB and thereby regulate the inflam-
matory response, by reduction of the reactive oxygen species. It also attenuated the
production of TNF-alpha and IL-1β generation in LPS-stimulated microglia and thus
the neuroinflammation. The study further declares that genistein can also inhibit both
Cox-2; resulting in inhibition of inflammatory prostaglandins (PGE2), and iNOS,
resulting in lower NO production.

A recent study evaluated the anti-inflammatory effects of
8-odthohydroxydaidezin (8-OHD), an analogue of genistein, on the same cell line
(BV2 microglia), and compared them with genistein (Wu et al. 2018). The results
demonstrated better effects with the 8-OHD rather than genistein in preventing NO
production, through downregulation of iNOS expression. It was also proved that
8-OHD could more effectively reduce the ROS released by LPS-activated microglia.
However, in COX-2 inhibition, genistein could be slightly more effective.

These anti-inflammatory mechanisms contribute to genistein effects on
preventing breast cancer and chronic inflammatory diseases, such as R.A. There
are some synthetic agents found as GPER agonists, without feminizing effects;
however, genistein’s function on other estrogen receptors, including its effects on
the reproductive system, has been approved as it is used in menopausal symptoms.

8.3.5.3 Prevention of Cognitive Decline
Overactivation of microglia in chronic neuroinflammation can result in neural
damage and degeneration, the highly believed etiology of neurodegenerative
disorders. Mechanisms are discussed further.

8.3.5.4 NF-kB and Memory
Based on the anti-inflammatory effects of estrogen, it is hypothesized that it is able to
attenuate neurodegeneration (GDNF contributes to estrogen-mediated protection of
midbrain dopaminergic neurons n.d.; The possible role of estrogen and selective
estrogen receptor modulators in a rat model of Parkinson’s disease n.d.; Estradiol
protects dopaminergic neurons in a MPP+ Parkinson’s disease model n.d.). Studies
have proved the role of TLR4 and the NF-κB in the inflammation in
neurodegeneration, suggesting an increase in their amount or activity, since TLR4 is
able to recognize Amyloidβ (Okun et al. 2009; Liao et al. 2011; Frank et al. 2009). A
study has confirmed that genistein could reverse the inflammatory effects of
Amyloidβ, i.e. decreasing the production of IL-1β and iNOS in vitro (Zhou et al.
2014). In the study, cells treated with Amyloidβ showed a significant increase in
NF-κB and TLR4 production, and genistein could reverse the signs by downregulating
the expression of TLR4 and NF-κB (refer to NF-κB and inflammation).

Studies report that GPER activation, associated with the modulation of microglial
activity, will yield to the neuroprotective effects on DA nigral neurons (Bessa et al.
2015; Bourque et al. 2012; Mendes-Oliveira et al. 2017; Zhao et al. 2016). In the
study, DA neural loss by LPS-induced microglia was treated with GPER agonist,
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which will result in reduced NO and phagocytic activity; the pathway that is
normally stimulated via the 17-β estradiol (estrogen). Moreover, blockade of
GPER resulted in reduction of phagocytic activity and iNOS gene expression.
Estrogen exerts its anti-inflammatory effects via the classical estrogen receptors
(ER alpha and beta) too; in fact, agonizing their receptors also attenuate microglial
NO production. However, the study utilized the synthetic agonists/antagonists
(G1/G15), with neither feminizing effects nor difficulty passing the BBB. It has
been proved that genistein can easily pass the BBB, (Mozolewski et al. 2017) but its
effects on the reproductive system, might make it not so compatible as a long-term
nutraceutical treatment, except for proper cases such as postmenopausal women. A
recent review has proposed that polyphenols may be potentially beneficial to
develop new drugs against neuroinflammation by targeting the TLR4 pathway
(Rahimifard et al. 2017).

8.3.5.5 Lipid Profile and Cardiovascular Effects
Genistein can reduce the Apo lipoprotein B secretion from hepatocytes. Microsomal
triglyceride transfer protein (MTP) is an essential molecule for lipoprotein assembly,
which helps transfer esterified cholesterol (EC), triglyceride (TG), and phospholipid
(PL) to the recently produced apolipoprotein-B (ApoB) molecules. It is thus essential
for the release of ApoB. Genistein reduces both the expression and activity of MTP
in the cell (Borradaile et al. 2002), meaning that in long-term use, it might be able to
keep MTP at lower concentrations, resulting in lower release of VLDL and
chylomicrons. It has been also demonstrated that both genistein and daidzein can
decrease the rate of LDL-receptor expression and activity, which will result in higher
LDL re-uptake. Genistein can also inhibit Acyl-coenzyme A (CoA): cholesterol
acyltransferases (ACATs) which will prevent cholesterol from getting esterified and
apolipoproteins from getting assembled. This will reduce the lipoprotein secretion, a
mechanism close to 3-hydroxy-3-methyl-glutaryl-coenzyme A (HMG-CoA) reduc-
tase inhibitors.

Cardioprotective effects of estrogen, especially ERβ receptor agonists, including
genistein are well-known (Kararigas et al. 2014; Hsieh et al. 2015; Fliegner et al.
2010; Pedram et al. 2013). After an ischemic heart crisis, reperfusion will cause an
inflammatory condition, maintained by accumulation of the leukocytes. This is
triggered by some inflammatory cytokines, including TNF-a, which will increase
the expression of Intracellular adhesion molecule-1 (ICAM-1) (also known as
CD54) production, a factor for the leukocytes’ intercellular adhesion. Genistein
can attenuate the expression of ICAM-1, by reducing TNF-α in a dose dependent
manner. Thus, it is considered as a leukocyte-endothelium interaction inhibitor,
resulting in the improved atherosclerotic condition (Kayisli et al. 2013).

8.3.5.6 Menopausal Symptoms and Osteoporosis
There has been a huge load of data on the estrogen-mimicking effects of genistein. It
is a full agonist of ERβ, and this receptor is a negative inhibitor of ER alpha. Thus,
genistein and phytoestrogens act through anti-growth properties, whereas ERalpha
has pro-growth effects. Phytoestrogens are capable of ameliorating vasomotor
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symptoms, depressive moods, osteopenia, and vaginosis and could probably be
taken in proper doses for months or years. There is also some clinical evidence
that it might be effective in osteoporosis (Kayisli et al. 2013). However, data
regarding vaginal atrophy still lack (Le Donne et al. 2011; Manonai et al. 2006).

8.3.5.7 Potential Adverse Effects
There might have been some concern about the feminizing effects of isoflavonoids;
however, many studies do not approve reproductive problems or infertility, neither
in pediatrics nor in adults. In fact, it is suggested that infants who are breastfed from
mothers whose diets are soy-rich, have lower incidences of cancer, with respect to
the adults with a soy-rich diet (Franke et al. 1999). A study has reported no special
feminizing effects on male (Mitchell et al. 2001).

As isoflavonoids are substrates for thyroid peroxidase, high-dose isoflavonoid
might be thought as an inducer of hypothyroidism. However, a recent clinical trial on
almost 400 postmenopausal women who took up to 54 mg/day of genistein over
2–3 years, reported no significant decline in thyroid hormones (Bitto et al. 2010). As
long as iodine storage is sufficient, no potential harm might threat thyroid conditions
(Marini et al. 2012; Bruce et al. 2003).

8.3.5.8 Dietary Intake and Herbal Sources
Although there are many soy-based supplements available in the market, it is
recommended to consume soy-rich diets instead, as a nutraceutical, as not to lose
the other components in the plant, that would enhance the efficacy, or cause
synergism. Moreover, this approach will ensure a safe amount of intake rather
than supplements.

Genistein is mostly found in leguminosae plants; beans, peas, and peanuts as ones
found in the normal human diet. In some fruits, flavonols are mostly found in the
skin, and thus peeling will substantially reduce the intake. Other herbs containing
flavonoids can be found in Table 8.3.

8.3.6 Cannabinoids

Cannabis smokers are less capable of recovering from fungal and bacterial
infections. This is because the major cannabinoid found in cannabis, delta9-
tetrahydrocannabinol (THC) decreases the production of proinflammatory
cytokines, acting like an immunosuppressant. THC is a lipid soluble substance
that will instantly distribute to different tissues, including the brain.

Cannabidiol (CBD) is a non-psychoactive cannabinoid that has anticonvulsive,
sedative, anti-inflammatory, and hypnotic effects. It is thought to have a
neuroprotective role in ischemic conditions. However, a systematic review has
reported that it is not possible to conclude any efficacy out of it, regarding its effects
on neurodegenerative disorders (Lim et al. 2017). Moreover, cannabinoids do not
show any effects of note on the conditions rumored to be effective; i.e. multiple
sclerosis (MS) (Sexton et al. 2014), anorexia in cancer or acquired
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immunodeficiency syndrome (Whiting et al. 2015), chemotherapy-induced nausea
and vomiting (Whiting et al. 2015), and the pain related to cancer or rheumatism
(Häuser et al. 2017).

8.4 Taken Together

Prevention of inflammation could be beneficial at any age. Many of the substances
mentioned in the chapter are able to confront inflammation through several
pathways, preventing cancers, diabetes dyslipidemia, atherosclerosis, etc. However,
the dosage range and long-term use data for many of them still lack, and especially
those thought to have effects on neurological disorders, have not proven favorable
changes on the outcome. Nevertheless, most of them, including long chain PUFAs,
vitamins, minerals, and isoflavonoids are regarded as safe within the normal con-
sumption range; thus, taking a safe daily portion of them is recommended. Anti-
inflammatory herbs are mostly not safe to be taken long-term daily, but per case and
in courses of time. The daily intake limit for herbs shall be taken into consideration
as well as their possible interactions’ profile with medications, which is a part of the
life of many elderlies.

References

Akhondzadeh S, Abbasi SH (2006) Herbal medicine in the treatment of Alzheimer’s disease. Am J
Alzheimers Dis Other Dement 21(2):113–118

Akhondzadeh S, Noroozian M, Mohammadi M, Ohadinia S, Jamshidi A, Khani M (2003) Salvia
officinalis extract in the treatment of patients with mild to moderate Alzheimer’s disease: a
double blind, randomized and placebo-controlled trial. J Clin Pharm Ther 28(1):53–59

Apaydin EA, Maher AR, Shanman R, Booth MS, Miles JN, Sorbero ME, Hempel S (2016) A
systematic review of St. John’s wort for major depressive disorder. Syst Rev 5(1):148

Babaei F, Mirzababaei M, Nassiri-Asl M (2018) Quercetin in food: possible mechanisms of its
effect on memory. J Food Sci 83(9):2280–2287

Bashir KM, Choi JS (2017) Clinical and physiological perspectives of β-glucans: the past, present,
and future. Int J Mol Sci 18(9):1906

Basu A, Nguyen A, Betts NM, Lyons TJ (2014) Strawberry as a functional food: an evidence-based
review. Crit Rev Food Sci Nutr 54(6):790–806

Behall KM, Scholfield DJ, Hallfrisch J (2004) Lipids significantly reduced by diets containing
barley in moderately hypercholesterolemic men. J Am Coll Nutr 23:55–62

Bessa A, Campos FL, Videira RA, Mendes-Oliveira J, Bessa-Neto D, Baltazar G (2015) GPER: a
new tool to protect dopaminergic neurons? Biochim Biophys Acta (BBA) - Mol Basis Dis 1852
(10):2035–2041

Bitto A, Polito F, Atteritano M, Altavilla D, Mazzaferro S, Marini H, Adamo EB, D'Anna R,
Granese R, Corrado F, Russo S (2010) Genistein aglycone does not affect thyroid function:
results from a three-year, randomized, double-blind, placebo-controlled trial. J Clin Endocrinol
Metabol 95(6):3067–3072

Blasko E, Haskell CA, Leung S, Gualtieri G, Halks-Miller M, Mahmoudi M, Dennis MK, Prossnitz
ER, Karpus WJ, Horuk R (2009) Beneficial role of the GPR30 agonist G-1 in an animal model
of multiple sclerosis. J Neuroimmunol 214(1–2):67–77

186 S. Goudarzi and M. Abdollahi



Borradaile NM, Wilcox LJ, Edwards JY, Murray WH (2002) Soya phytoestrogens, genistein and
daidzein, decrease apolipoprotein B secretion from HepG2 cells through multiple mechanisms.
Biochem J 366(2):531–539

Bourque M, Dluzen DE, Di Paolo T (2012) Signaling pathways mediating the neuroprotective
effects of sex steroids and SERMs in Parkinson’s disease. Front Neuroendocrinol 33
(2):169–178

Bruce B, Messina M, Spiller GA (2003) Isoflavone supplements do not affect thyroid function in
iodine-replete postmenopausal women. J Med Food 6(4):309–316

Calder PC (2015) Marine omega-3 fatty acids and inflammatory processes: effects, mechanisms and
clinical relevance. Biochim Biophys Acta, Mol Cell Biol Lipids 1851(4):469–484

Cao Z, Wang F, Xiu C, Zhang J, Li Y (2017) Hypericumperforatum extract attenuates behavioral,
biochemical, and neurochemical abnormalities in aluminum chloride-induced Alzheimer’s
disease rats. Biomed Pharmacother 91:931–937

Casanova MA, Medeiros F, Trindade M, Cohen C, Oigman W, Neves MF (2017) Omega-3 fatty
acids supplementation improves endothelial function and arterial stiffness in hypertensive
patients with hypertriglyceridemia and high cardiovascular risk. J Am Soc Hypertens 11
(1):10–19

Chen JC et al (2005) Inhibition of iNOS gene expression by quercetin is mediated by the inhibition
of I(kappa)B kinase, nuclear factor-kappa B and STAT1, and depends on heme oxygenase-1
induction in mouse BV-2 microglia. Eur J Pharmacol 521(1–3):9–20

Chen J, He J, Wildman RP, Reynolds K, Streiffer RH, Whelton PK (2006) A randomized controlled
trial of dietary fiber intake on serum lipids. Eur J Clin Nutr 60(1):62–68

Chen W, van Wyk B, Vermaak I, Viljoen AM (2012) Cape aloes—a review of the phytochemistry,
pharmacology and commercialisation of Aloe ferox. Phytochem Lett 5:1–12

Cleland LG, French JK, Betts WH, Murphy GA, Elliott MJ (1988) Clinical and biochemical effects
of dietary fish oil supplements in rheumatoid arthritis. J Rheumatol 15(10):1471–1475

Cock IE (2015) The genus aloe: phytochemistry and therapeutic uses including treatments for
gastrointestinal conditions and chronic inflammation. In: Novel natural products: therapeutic
effects in pain, arthritis and gastro-intestinal diseases. Springer, Basel, pp 179–235

Colussi G, Catena C, Novello M, Bertin N, Sechi LA (2017) Impact of omega-3 polyunsaturated
fatty acids on vascular function and blood pressure: relevance for cardiovascular outcomes. Nutr
Metab Cardiovasc Dis 27(3):191–200

Comalada M et al (2005) In vivo quercitrin anti-inflammatory effect involves release of quercetin,
which inhibits inflammation through downregulation of the NF-kappaB pathway. Eur J
Immunol 35(2):584–592

Cugnet-Anceau C, Nazare JA, Biorklund M et al (2010) A controlled study of consumption of beta-
glucan-enriched soups for 2 months by type 2 diabetic free-living subjects. Br J Nutr 103
(3):422–428

de Carvalho CG, Ribeiro SM (2017) Aging, low-grade systemic inflammation and vitamin D: a
mini-review. Eur J Clin Nutr 71(4):434

de Urbina JJ, San-Miguel B, Vidal-Casariego A, Crespo I, Sánchez DI, Mauriz JL, Culebras JM,
González-Gallego J, Tuñón MJ (2017) Effects of oral glutamine on inflammatory and
autophagy responses in cancer patients treated with abdominal radiotherapy: a pilot randomized
trial. Int J Med Sci 14(11):1065

Deminice R, Rosa FT, Franco GS, Jordao AA, de Freitas EC (2013) Effects of creatine supplemen-
tation on oxidative stress and inflammatory markers after repeated-sprint exercise in humans.
Nutrition 29(9):1127–1132

Du ZR, Feng XQ, Li N, Qu JX, Feng L, Chen L, Chen WF (2018) G protein-coupled estrogen
receptor is involved in the anti-inflammatory effects of genistein in microglia. Phytomedicine
43:11–20

Edel AL, Rodriguez-Leyva D, Maddaford TG, Caligiuri SP, Austria JA, Weighell W, Guzman R,
Aliani M, Pierce GN (2015) Dietary flaxseed independently lowers circulating cholesterol and
lowers it beyond the effects of cholesterol-lowering medications alone in patients with periph-
eral artery disease. J Nutr 145(4):749–757

EMA/HMPC/432276/2015 (n.d.)

8 Anti-Inflammatory Nutrients and Nutraceuticals for Active and Healthy Aging 187



EMA/HMPC/55843/2011 (n.d.)
Estradiol protects dopaminergic neurons in a MPP+ Parkinson’s disease model (n.d.)
European medicine agency, committee on herbal medicinal products EMA/HMPC/680595/2013

(n.d.)
Faber J, Berkhout M, Vos AP, Sijben JW, Calder PC, Garssen J, van Helvoort A (2011) Supple-

mentation with a fish oil-enriched, high-protein medical food leads to rapid incorporation of
EPA into white blood cells and modulates immune responses within one week in healthy men
and women. J Nutr 141(5):964–970

Fasano A (2012) Leaky gut and autoimmune diseases. Clin Rev Allergy Immunol 42(1):71–78
Fernandez-Martinez MN, Hernandez-Echevarria L, Sierra-Vega M, Diez-Liebana MJ, Calle-Pardo-

A, Carriedo-Ule D, Sahagún-Prieto AM, Anguera-Vila A, Garcia-Vieitez JJ (2014) A
randomised clinical trial to evaluate the effects of Plantago ovata husk in Parkinson patients:
changes in levodopa pharmacokinetics and biochemical parameters. BMC Complement Altern
Med 14(1):296

Ferreroa A, Minettib A, Brasa C, Zanettia N (2007) Acute and subacute toxicity evaluation of
ethanolic extract from fruits of Schinusmolle in rats. J Ethnopharmacol 113(3):441–447

Fliegner D, Schubert C, Penkalla A, Witt H, Kararigas G, Dworatzek E, Staub E, Martus P,
Noppinger PR, Kintscher U, Gustafsson JÅ (2010) Female sex and estrogen receptor-β attenuate
cardiac remodeling and apoptosis in pressure overload. Am J Phys Regul Integr Comp Phys 298
(6):R1597–R1606

Franceschi C, Campisi J (2014) Chronic inflammation (inflammation) and its potential contribution
to age-associated diseases. J Gerontol A Biomed Sci Med Sci 69(Suppl_1):S4–S9

Frank S, Copanaki E, Burbach GJ, Müller UC, Deller T (2009) Differential regulation of toll-like
receptor mRNAs in amyloid plaque-associated brain tissue of aged APP23 transgenic mice.
Neurosci Lett 453(1):41–44

Franke AA, Yu MC, Maskarinec G, Fanti P, Zheng W, Custer LJ (1999) Phytoestrogens in human
biomatrices including breast milk. Clin Chem 23:532

Gammoh N, Rink L (2017) Zinc in infection and inflammation. Nutrients 9(6):624
GDNF contributes to estrogen-mediated protection of midbrain dopaminergic neurons (n.d.)
Glass CK, Saijo K, Winner B, Marchetto MC, Gage FH (2010) Mechanisms underlying inflamma-

tion in neurodegeneration. Cell 140(6):918–934
Grace OM, Simmonds MSJ, Smith GF, van Wyk AE (2008) Documented utility and biocultural

value of Aloe L. (Asphodelaceae): a review. Econ Bot 63(2):167–178
Grimm MO, Michaelson D, Hartmann T (2017) Omega-3 fatty acids, lipids and apoE lipidation in

Alzheimer’s disease: a rationale for multi-nutrient dementia prevention. J Lipid Res 58:2083
Gruenwald J, Brendler T, Jaenicke C (2007) PDR for herbal medicines. Thomson, Reuters
Gupta A, Gupta R, Lal B (2001) Effect of Trigonella foenum-graecum (fenugreek) seeds on

glycaemic control and insulin resistance in type 2 diabetes mellitus: a double-blind placebo
controlled study. J Assoc Physicians India 49:1057–1061

Hallikainen M, Toppinen L, Mykkänen H et al (2006) Interaction between cholesterol and glucose
metabolism during dietary carbohydrate modification in subjects with the metabolic syndrome.
Am J Clin Nutr 84(6):1385–1392

Hannan JM, Rokeya B, Faruque O et al (2003) Effect of soluble dietary fiber fraction of Trigonella
foenum-graecum on glycemic, insulinemic, lipidemic and platelet aggregation status of type
2 diabetic model rats. J Ethnopharmacol 88:73–77

Häuser W, Fitzcharles MA, Radbruch L, Petzke F (2017) Cannabinoids in pain management and
palliative medicine: an overview of systematic reviews and prospective observational studies.
Dtsch Arztebl Int 114(38):627

Healy DA, Wallace FA, Miles EA, Calder PC, Newsholme P (2000) Effect of low-to-moderate
amounts of dietary fish oil on neutrophil lipid composition and function. Lipids 35(7):763–768

Hendy GN, Canaff L (2016) Calcium-sensing receptor, proinflammatory cytokines and calcium
homeostasis. In: Seminars in cell and developmental biology, vol 49. Academic Press, London,
pp 37–43

188 S. Goudarzi and M. Abdollahi



Henrotin Y, Mobasheri A, Marty M (2012) Is there any scientific evidence for the use of
glucosamine in the management of human osteoarthritis? Arthritis Res Ther 14(1):201

Hofrichter J, Krohn M, Schumacher T, Lange C, Feistel B, Walbroel B, Heinze HJ, Crockett S,
Sharbel TF, Pahnke J (2013) Reduced Alzheimer’s disease pathology by St. John’s Wort
treatment is independent of hyperforin and facilitated by ABCC1 and microglia activation in
mice. Curr Alzheimer Res 10(10):1057–1069

Hosseinzadeh H, Moallem SA, Moshiri M, Sarnavazi MS, Etemad L (2012) Anti-nociceptive and
anti-inflammatory effects of cyanocobalamin (vitamin B12) against acute and chronic pain and
inflammation in mice. Arzneimittelforschung 62(07):324–329

Hsieh DJ, KuoWW, Lai YP, Shibu MA, Shen CY, Pai P, Yeh YL, Lin JY, Viswanadha VP, Huang
CY (2015) 17β-estradiol and/or estrogen receptor β attenuate the autophagic and apoptotic
effects induced by prolonged hypoxia through HIF-1α-mediated BNIP3 and IGFBP-3 signaling
blockage. Cell Physiol Biochem 36(1):274–284

Hutchings A, Scott AH, Lewis G, Cunningham A (1996) Zulu medicinal plants: an inventory.
University of Natal Press, Pietermaritzburg

Ionita R, Postu PA, Mihasan M, Gorgan DL, Hancianu M, Cioanca O, Hritcu L (2018) Ameliora-
tive effects of Matricariachamomilla L. hydroalcoholic extract on scopolamine-induced memory
impairment in rats: a behavioral and molecular study. Phytomedicine 47:113

Javadi F, Ahmadzadeh A, Eghtesadi S, Aryaeian N, Zabihiyeganeh M, RahimiForoushani A,
Jazayeri S (2017) The effect of quercetin on inflammatory factors and clinical symptoms in
women with rheumatoid arthritis: a double-blind, randomized controlled trial. J Am Coll Nutr
36(1):9–15

Jeong JW, Lee HH, Han MH, Kim GY, Kim WJ, Choi YH (2014) Anti-inflammatory effects of
genistein via suppression of the toll-like receptor 4-mediated signaling pathway in
lipopolysaccharide-stimulated BV2 microglia. Chem Biol Interact 212:30–39

Kararigas G, Fliegner D, Forler S, Klein O, Schubert C, Gustafsson JÅ, Klose J, Regitz-Zagrosek V
(2014) Comparative proteomic analysis reveals sex and estrogen receptor β effects in the
pressure overloaded heart. J Proteome Res 13(12):5829–5836

Kaul N, Kreml R, Austria JA et al (2008) A comparison of fish oil, flaxseed oil and hempseed oil
supplementation on selected parameters of cardiovascular health in healthy volunteers. J Am
Coll Nutr 27(1):51–58

Kayisli UA, Guzeloglu-Kayisli O, Guzel E, Arici A (2013) Genistein inhibits cell proliferation and
stimulates apoptosis in human coronary artery endothelial cells. Gynecol Obstet Investig 75
(4):235–242

Kazak F, Yarim GF (2017) Neuroprotective effects of acetyl-l-carnitine on lipopolysaccharide-
induced neuroinflammation in mice: involvement of brain-derived neurotrophic factor. Neurosci
Lett 658:32–36

Kennedy DO, Scholey AB (2006) The psychopharmacology of European herbs with cognition-
enhancing properties. Curr Pharm Des 12(35):4613–4623

Kennedy DO, Pace S, Haskell C, Okello EJ, Milne A, Scholey AB (2006) Effects of cholinesterase
inhibiting sage ( Salvia officinalis ) on mood, anxiety and performance on a psychological
stressor battery. Neuropsychopharmacology 31(4):845–852

Kew S, Banerjee T, Minihane AM, Finnegan YE, Muggli R, Albers R, Williams CM, Calder PC
(2003) Lack of effect of foods enriched with plant-or marine-derived n� 3 fatty acids on human
immune function. Am J Clin Nutr 77(5):1287–1295

Kim DS, Shin MR, Kim YS, Bae WJ, Roh DH, Hwang YS, Kim EC (2015) Anti-inflammatory
effects of glutamine on LPS-stimulated human dental pulp cells correlate with activation of
MKP-1 and attenuation of the MAPK and NF-κB pathways. Int Endod J 48(3):220–228

Koc A, Ozkan T, Karabay AZ, Sunguroglu A, Aktan F (2011) Effect of L-carnitine on the synthesis
of nitric oxide in RAW 264� 7 murine macrophage cell line. Cell Biochem Funct 29(8):679–685

Kremer J, Michalek A, Lininger L, Huyck C, Bigauoette J, Timchalk M, Rynes R, Zieminski J,
Bartholomew L (1985) Effects of manipulation of dietary fatty acids on clinical manifestations
of rheumatoid arthritis. Lancet 325(8422):184–187

8 Anti-Inflammatory Nutrients and Nutraceuticals for Active and Healthy Aging 189



Kremer JM, Jubiz W, Michalek A, Rynes RI, Bartholomew LE, Bigaouette J, Timchalk M,
Beeler D, Lininger L (1987) Fish-oil fatty acid supplementation in active rheumatoid arthritis:
a double-blinded, controlled, crossover study. Ann Intern Med 106(4):497–503

Külzow N,Witte AV, Kerti L, Grittner U, Schuchardt JP, Hahn A, Flöel A (2016) Impact of omega-
3 fatty acid supplementation on memory functions in healthy older adults. J Alzheimers Dis 51
(3):713–725

Kuo J, Hamid N, Bondar G, Prossnitz ER, Micevych P (2010) Membrane estrogen receptors
stimulate intracellular calcium release and progesterone synthesis in hypothalamic astrocytes.
J Neurosci 30:12950–12957

Le Donne M, Caruso C, Mancuso A, Costa G, Iemmo R, Pizzimenti G, Cavallari V (2011) The
effect of vaginally administered genistein in comparison with hyaluronic acid on atrophic
epithelium in postmenopause. Arch Gynecol Obstet 283(6):1319–1323

Lee BJ, Lin JS, Lin YC, Lin PT (2015) Antiinflammatory effects of L-carnitine supplementation
(1000 mg/d) in coronary artery disease patients. Nutrition 31(3):475–479

Liao Y, Guan ZZ, Ravid R (2011) Changes of nuclear factor and inflammatory chemotactic factors
in brain of patients with Alzheimer's disease. Zhonghua bing li xue za zhi ¼ Chin J Pathol 40
(9):585–589

Liatis S, Tsapogas P, Chala E, Dimosthenopoulos C, Kyriakopoulos K, Kapantais E, Katsilambros
N (2009a) The consumption of bread enriched with β-glucan reduces LDL-cholesterol and
improves insulin resistance in patients with type 2 diabetes. Diabetes Metab 35:115–120

Liatis S, Tsapogas P, Chala E et al (2009b) The consumption of bread enriched with betaglucan
reduces LDL-cholesterol and improves insulin resistance in patients with type 2 diabetes.
Diabetes Metab 35(2):115–120

Lim K, See YM, Lee J (2017) A systematic review of the effectiveness of medical cannabis for
psychiatric, movement and neurodegenerative disorders. Clin Psychopharmacol Neurosci 15
(4):301

Lima CF, Carvalho F, Fernandes E et al (2004) Evaluation of toxic/protective effects of the essential
oil of Salvia officinalis on freshly isolated rat hepatocytes. Toxicol in Vitro 18(4):457–465

Liu Y, Li F, Zhang L, Wu J, Wang Y, Yu H (2017) Taurine alleviates lipopolysaccharide-induced
liver injury by anti-inflammation and antioxidants in rats. Mol Med Rep 16(5):6512–6517

Lourdudoss C, Wolk A, Nise L, Alfredsson L, van Vollenhoven R (2017) Are dietary vitamin D,
omega-3 fatty acids and folate associated with treatment results in patients with early rheuma-
toid arthritis? Data from a Swedish population-based prospective study. BMJ Open 7(6):
e016154

Lourdudoss C, Di Giuseppe D, Wolk A, Westerlind H, Klareskog L, Alfredsson L, van
Vollenhoven RF, Lampa J (2018) Dietary intake of polyunsaturated fatty acids and pain in
spite of inflammatory control among methotrexate-treated early rheumatoid arthritis patients.
Arthritis Care Res 70(2):205–212

Lucas EA, Wild RD, Hammond LJ et al (2002) Flaxseed improves lipid profile without altering
biomarkers of bone metabolism in postmenopausal women. J Clin Endocrinol Metab 87
(4):1527–1532

Madeo A, Maggiolini M (2010) Nuclear alternate estrogen receptor GPR30 mediates 17beta-
estradiol-induced gene expression and migration in breast cancer-associated fibroblasts. Cancer
Res 70:6036–6046

Maggiolini M, Vivacqua A, Fasanella G, Recchia AG, Sisci D, Pezzi V, Montanaro D, Musti AM,
Picard D, Ando S (2004) The G protein-coupled receptor GPR30 mediates c-fos up-regulation
by 17beta-estradiol and phytoestrogens in breast cancer cells. J Biol Chem 279:27008–27016

Mahan L, Raymond J, Krause M (2017) Krause’s food & the nutrition care process. 14th
ed. Elsevier, St. Louis, p 30

Maki KC, Beiseigel JM, Jonnalagadda SS et al (2010) Whole-grain ready-to-eat oat cereal, as part
of a dietary program for weight loss, reduces low-density lipoprotein cholesterol in adults with
overweight and obesity more than a dietary program including low-fiber control foods. J Am
Diet Assoc 110(2):205–214

190 S. Goudarzi and M. Abdollahi



Manonai J, Songchitsomboon S, Chanda K, Hong JH, Komindr S (2006) The effect of a soy-rich
diet on urogenital atrophy: a randomized, cross-over trial. Maturitas 54(2):135–140

Mao JJ, Xie SX, Keefe JR, Soeller I, Li QS, Amsterdam JD (2016) Long-term chamomile
(Matricariachamomilla L.) treatment for generalized anxiety disorder: a randomized clinical
trial. Phytomedicine 23(14):1735–1742

Marini H, Polito F, Adamo EB, Bitto A, Squadrito F, Benvenga S (2012) Update on genistein and
thyroid: an overall message of safety. Front Endocrinol 3:94

Mendes-Oliveira J, Campos FL, Videira RA, Baltazar G (2017) GPER activation is effective in
protecting against inflammation-induced nigral dopaminergic loss and motor function
impairment. Brain Behav Immun 64:296–307

Meyer MR, Prossnitz ER, Barton M (2011) The G protein-coupled estrogen receptor GPER/GPR30
as a regulator of cardiovascular function. Vasc Pharmacol 55:17–25

Mitchell JH, Cawood E, Kinniburgh D, Provan A, Collins AR, Irvine DS (2001) Effect of a
phytoestrogen food supplement on reproductive health in normal males. Clin Sci 100
(6):613–618

Mohammadirad A, Aghamohammadali-Sarraf F, Badiei S, Faraji Z, Hajiaghaee R, Baeeri M,
Gholami M, Abdollahi M (2013) Anti-aging effects of some selected Iranian folk medicinal
herbs-biochemical evidences. Iran J Basic Med Sci 16(11):1170

Morikawa K et al (2003) Inhibitory effect of quercetin on carrageenan-induced inflammation in rats.
Life Sci 74(6):709–721

Moyad MA, Robinson LE, Kittelsrud JM et al (2009) Immunogenic yeast-based fermentation
product reduces allergic rhinitis-induced nasal congestion: a randomized, double-blind, pla-
cebo-controlled trial. Adv Ther 26(8):795–804

Mozolewski P, Moskot M, Jakobkiewicz-Banecka J, Wegrzyn G, Bochenska K, Banecki B, Gabig-
Ciminska M (2017) Nonsteroidal anti-inflammatory drugs modulate cellular glycosaminoglycan
synthesis by affecting EGFR and PI3K signaling pathways. Sci Rep 7:43154

Navarro SL, White E, Kantor ED, Zhang Y, Rho J, Song X, Milne GL, Lampe PD, Lampe JW
(2015) Randomized trial of glucosamine and chondroitin supplementation on inflammation and
oxidative stress biomarkers and plasma proteomics profiles in healthy humans. PLoS One 10(2):
e0117534

Ng QX, Venkatanarayanan N, Ho CY (2017) Clinical use of Hypericumperforatum (St John’s wort)
in depression: a meta-analysis. J Affect Disord 210:211–221

Okun E, Griffioen KJ, Lathia JD, Tang SC, Mattson MP, Arumugam TV (2009) Toll-like receptors
in neurodegeneration. Brain Res Rev 59(2):278–292

Ota A, Ulrih NP (2017) An overview of herbal products and secondary metabolites used for
management of type two diabetes. Front Pharmacol 8:436

Panossian AG, Gabrielian E, Manvelian V, Jurcic K, Wagner H (1996) Immunosuppressive effects
of hypericin on stimulated human leukocytes: inhibition of the arachidonic acid release,
leukotriene B4 and Interleukin-Iα production, and activation of nitric oxide formation.
Phytomedicine 3(1):19–28

Pase MP, Grima N, Cockerell R, Stough C, Scholey A, Sali A, Pipingas A (2015) The effects of
long-chain omega-3 fish oils and multivitamins on cognitive and cardiovascular function: a
randomized, controlled clinical trial. J Am Coll Nutr 34(1):21–31

Pedram A, Razandi M, Korach KS, Narayanan R, Dalton JT, Levin ER (2013) ERβ selective
agonist inhibits angiotensin-induced cardiovascular pathology in female mice. Endocrinology
154(11):4352–4364

Poh S, Putt KS, Low PS (2017) Folate-targeted dendrimers selectively accumulate at sites of
inflammation in mouse models of ulcerative colitis and atherosclerosis. Biomacromolecules
18(10):3082–3088

Prossnitz ER, Barton M (2011) The G-protein-coupled estrogen receptor GPER in health and
disease. Nat Rev Endocrinol 7:715–726

Queenan KM, Stewart ML, Smith KN, Thomas W, Fulcher RG, Slavin JL (2007) Concentrated oat
beta-glucan, a fermentable fiber, lowers serum cholesterol in hypercholesterolemic adults in a
randomized controlled trial. Nutr J 6:6

8 Anti-Inflammatory Nutrients and Nutraceuticals for Active and Healthy Aging 191



Raber P, Ochoa AC, Rodríguez PC (2012) Metabolism of L-arginine by myeloid-derived suppres-
sor cells in cancer: mechanisms of T cell suppression and therapeutic perspectives. Immunol
Investig 41(6–7):614–634

Rafraf M, Karimi M, Jafari A (2015) Effect of L-carnitine supplementation in comparison with
moderate aerobic training on serum inflammatory parameters in healthy obese women. J Sports
Med Phys Fitness 55(11):1363–1370

Rahimifard M, Maqbool F, Moeini-Nodeh S, Niaz K, Abdollahi M, Braidy N, Nabavi SM, Nabavi
SF (2017) Targeting the TLR4 signaling pathway by polyphenols: a novel therapeutic strategy
for neuroinflammation. Ageing Res Rev 36:11–19

Rajaei E, Mowla K, Ghorbani A, Bahadoram S, Bahadoram M, Dargahi-Malamir M (2016) The
effect of omega-3 fatty acids in patients with active rheumatoid arthritis receiving DMARDs
therapy: double-blind randomized controlled trial. Global J Health Sci 8(7):18

Reed-Geaghan EG, Savage JC, Hise AG, Landreth GE (2009) CD14 and toll-like receptors 2 and
4 are required for fibrillar Aβ-stimulated microglial activation. J Neurosci 29(38):11982–11992

Rees D, Miles EA, Banerjee T, Wells SJ, Roynette CE, Wahle KW, Calder PC (2006) Dose-related
effects of eicosapentaenoic acid on innate immune function in healthy humans: a comparison of
young and older men. Am J Clin Nutr 83(2):331–342

Rettew JA, McCall SH, Marriott I (2010) GPR30/GPER-1 mediates rapid decreases in TLR4
expression on murine macrophages. Mol Cell Endocrinol 328(1):87–92

Riesberg LA, Weed SA, McDonald TL, Eckerson JM, Drescher KM (2016) Beyond muscles: the
untapped potential of creatine. Int Immunopharmacol 37:31–42

Runhaar J, Rozendaal RM, van Middelkoop M, Bijlsma HJ, Doherty M, Dziedzic KS, Lohmander
LS, McAlindon T, Zhang W, Zeinstra SB (2017) Subgroup analyses of the effectiveness of oral
glucosamine for knee and hip osteoarthritis: a systematic review and individual patient data
meta-analysis from the OA trail bank. Ann Rheum Dis 76:1862

Sabogal-Guáqueta AM, Munoz-Manco JI, Ramírez-Pineda JR, Lamprea-Rodriguez M, Osorio E,
Cardona-Gómez GP (2015) The flavonoid quercetin ameliorates Alzheimer’s disease pathology
and protects cognitive and emotional function in aged triple transgenic Alzheimer’s disease
model mice. Neuropharmacology 93:134–145

Saghafi N, Rhkhshandeh H, Pourmoghadam N, Pourali L, Ghazanfarpour M, Behrooznia A,
Vafisani F (2018) Effectiveness of Matricariachamomilla (chamomile) extract on pain control
of cyclic mastalgia: a double-blind randomised controlled trial. J Obstet Gynaecol 38(1):81–84

Samieri C, Morris MC, Bennett DA, Berr C, Amouyel P, Dartigues JF, Tzourio C, Chasman DI,
Grodstein F (2017) Fish intake, genetic predisposition to Alzheimer disease, and decline in
global cognition and memory in 5 cohorts of older persons. Am J Epidemiol 187(5):933–940

Santhanam S, Alvarado DM, Ciorba MA (2016) Therapeutic targeting of inflammation and
tryptophan metabolism in colon and gastrointestinal cancer. Transl Res 167(1):67–79

Sarinho E, Medeiros D, Schor D, Silva AR, Sales V, Motta ME, Costa A, Azoubel A, Rizzo JA
(2009) Production of interleukin-10 in asthmatic children after β-1–3-glucan. Allergol
Immunopathol (Madr) 37:188–192

Sauvaire Y, Ribes G, Baccou JC, Loubatieeres-Mariani MM (1991) Implication of steroid saponins
and sapogenins in the hypocholesterolemic effect of fenugreek. Lipids 26:191–197

Scholey AB, Tildesley NT, Ballard CG et al (2008) An extract of Salvia (sage) with anticholines-
terase properties improves memory and attention in healthy older volunteers. Psychopharma-
cology 198(1):127–139

Sexton M, Cudaback E, Abdullah RA, Finnell J, Mischley LK, Rozga M, Lichtman AH, Stella N
(2014) Cannabis use by individuals with multiple sclerosis: effects on specific immune
parameters. Inflammopharmacology 22(5):295–303

Sharma JN, Al-Omran A, Parvathy SS (2007) Role of nitric oxide in inflammatory diseases.
Inflammopharmacology 15(6):252–259

Sharma N, Suresh S, Debnath A, Jha S (2017) Trigonella seed extract ameliorates inflammation via
regulation of the inflammasome adaptor protein, ASC. Front Biosci (Elite Ed) 9:246–257

192 S. Goudarzi and M. Abdollahi



Shen XY, Luo T, Li S, Ting OY, He F, Xu J, Wang HQ (2018) Quercetin inhibits okadaic acid-
induced tau protein hyperphosphorylation through the Ca2+�calpain-p25-CDK5 pathway in
HT22 cells. Int J Mol Med 41(2):1138–1146

Shinto L, Quinn J, Montine T, Dodge HH, Woodward W, Baldauf-Wagner S, Waichunas D,
Bumgarner L, Bourdette D, Silbert L, Kaye J (2014) A randomized placebo-controlled pilot
trial of omega-3 fatty acids and alpha lipoic acid in Alzheimer’s disease. J Alzheimers Dis 38
(1):111–120

Sindhu G, Shyni GL, Pushpan CK, Nambisan B, Helen A (2018) Evaluation of anti-arthritic
potential of Trigonella foenum-graecum L. (fenugreek) mucilage against rheumatoid arthritis.
Prostaglandins Other Lipid Mediat 138:48–53

Singhal PC, Gupta RK, Joshi LD (1982) Hypocholesterolemic effect of Trigonella foenum-
graecum (METHI). Curr Sci 51:136

Stark A, Madar Z (1993) The effect of an ethanol extract derived from fenugreek (Trigonella
foenum-graecum) on bile acid absorption and cholesterol levels in rats. Br J Nutr 69:277–287

Sturtzel B, Dietrich A, Wagner KH, Gisinger C, Elmadfa I (2010) The status of vitamins B6, B12,
folate, and of homocysteine in geriatric home residents receiving laxatives or dietary fiber. J
Nutr Health Aging 14(3):219–223

Sur P, Das M, Gomes A et al (2001) Trigonella foenum-graecum (fenugreek) seed extract as an
antineoplastic agent. Phytother Res 15:257–259

Taghizadeh M, Tamtaji OR, Dadgostar E, Kakhaki RD, Bahmani F, Abolhassani J, Aarabi MH,
Kouchaki E, Memarzadeh MR, Asemi Z (2017) The effects of omega-3 fatty acids and vitamin
E co-supplementation on clinical and metabolic status in patients with Parkinson's disease: a
randomized, double-blind, placebo-controlled trial. Neurochem Int 108:183–189

Talbott S, Talbott J (2009) Effect of β 1,3/1,6 glucan on upper respiratory tract infection symptoms
and mood state in marathon athletes. J Sports Sci Med 8:509–515

Talbott SM, Talbott JA (2012) Baker’s yeast β-glucan supplement reduces upper respiratory
symptoms and improved mood state in stressed women. J Am Coll Nutr 31:295–300

The possible role of estrogen and selective estrogen receptor modulators in a rat model of
Parkinson’s disease (n.d.)

Thies F, Nebe-von-Caron G, Powell JR, Yaqoob P, Newsholme EA, Calder PC (2001) Dietary
supplementation with γ-linolenic acid or fish oil decreases T lymphocyte proliferation in healthy
older humans. J Nutr 131(7):1918–1927

Thompson Coon JS, Ernst E (2003) Herbs for serum cholesterol reduction: a systematic view. J Fam
Pract 52:468–478

Torkan M, Hassan Entezari M, Siavash M (2015) Effect of flaxseed on blood lipid level in
hyperlipidemic patients. Rev Recent Clin Trials 10(1):61–67

Valette G, Sauvaire Y, Baccou JC, Ribes G (1984) Hypocholesterolaemic effect of fenugreek seeds
in dogs. Atherosclerosis 50:105–111

van Wyk BE, Smith G (2008) Guide to the aloes of South Africa, 2nd edn. Briza Publications,
Pretoria

Wang DM, Li SQ, WuWL, Zhu XY,Wang Y, Yuan HY (2014) Effects of long-term treatment with
quercetin on cognition and mitochondrial function in a mouse model of Alzheimer’s disease.
Neurochem Res 39(8):1533–1543

Whiting PF, Wolff RF, Deshpande S, Di Nisio M, Duffy S, Hernandez AV, Keurentjes JC, Lang S,
Misso K, Ryder S, Schmidlkofer S (2015) Cannabinoids for medical use: a systematic review
and meta-analysis. JAMA 313(24):2456–2473

Wu Y, Antony S, Meitzler JL, Doroshow JH (2014) Molecular mechanisms underlying chronic
inflammation-associated cancers. Cancer Lett 345(2):164–173

Wu PS, Ding HY, Yen JH, Chen SF, Lee KH, Wu MJ (2018) Anti-inflammatory activity of
8-hydroxydaidzein in LPS-stimulated BV2 microglial cells via activation of Nrf2-antioxidant
and attenuation of Akt/NF-κB-inflammatory signaling pathways, as well as inhibition of COX-2
activity. J Agric Food Chem 66(23):5790–5801

8 Anti-Inflammatory Nutrients and Nutraceuticals for Active and Healthy Aging 193



Yadav UC, Moorthy K, Baquer NZ (2004) Effects of sodium-orthovanadate and Trigonella
foenum-graecum seeds on hepatic and renal lipogenic enzymes and lipid profile during alloxan
diabetes. J Biosci 29:81–91

Zameer S, Najmi AK, Vohora D, Akhtar M (2017) A review on therapeutic potentials of Trigonella
foenum-graecum (fenugreek) and its chemical constituents in neurological disorders: comple-
mentary roles to its hypolipidemic, hypoglycemic, and antioxidant potential. Nutr Neurosci
16:1–7

Zarvandi M, Rakhshandeh H, Abazari M, Shafiee-Nick R, Ghorbani A (2017) Safety and efficacy
of a polyherbal formulation for the management of dyslipidemia and hyperglycemia in patients
with advanced-stage of type-2 diabetes. Biomed Pharmacother 89:69–75

Zemestani M, Rafraf M, Asghari-Jafarabadi M (2016) Chamomile tea improves glycemic indices
and antioxidants status in patients with type 2 diabetes mellitus. Nutrition 32(1):66–72

Zhao TZ, Ding Q, Hu J, He SM, Shi F, Ma LT (2016) GPER expressed on microglia mediates the
anti-inflammatory effect of estradiol in ischemic stroke. Brain Behav 6(4):e00449

Zhou X, Yuan L, Zhao X, Hou C, MaW, Yu H, Xiao R (2014) Genistein antagonizes inflammatory
damage induced by β-amyloid peptide in microglia through TLR4 and NF-κB. Nutrition 30
(1):90–95

194 S. Goudarzi and M. Abdollahi



Anti-Oxidant Nutrients and Nutraceuticals
in Aging 9
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Abstract

Nutrition plays a strong role in aging. Therefore, the absorption and metabolism
of nutrients along with diet are a strong risk factor for aging related diseases. The
nutritional requirements for the elderly are different as compared to the younger
adults due to factors like drug and nutrient interactions, aging associated
conditions, socioeconomic factors, etc. The amount and dosage of minerals,
vitamins, and macronutrients are different in the elder population. Assessment
of proper nutritional diet is important because in this age group, many people are
malnourished that leads to various age-related disorders. Different nutraceuticals
like the phytochemicals, carotenoids, vitamin B, D, E, various plant extracts have
been reported to have rejuvenating properties. The use of nutraceuticals has
beneficial effect on the metabolic and immune systems as they possess anti-
oxidant properties.
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9.1 Introduction

9.1.1 Aging and Pathologies Share a Common Mechanism

Aging is considered as the most common cause of decreasing the life span of human
beings in many diseases. It was believed, for the longest time, that the physiological
condition or mechanism of aging is responsible for most of the diseases. Thus, there
is an interlink between aging and the beginning of an ailment, as the basic funda-
mental procedures behind these two are quite similar (Jaul and Barron 2017).

There are various factors that account for the relation between aging and the
beginning of a disease. These factors include the rate at which aging occurs in a cell,
cellular signaling patterns, genetic traits of a particular organ, and lifestyle. Conse-
quently, keeping in view the contributing factors, every single activity inside the cell
weakens and gradually becomes less effective in fulfilling physiological functions,
resulting in clinical pathologies (Franceschi et al. 2018). While both advance in the
same way, yet with aging on the one hand and its related diseases on the other, the
direction of anticipation of the two is unique and is dependent upon lifestyle of every
person and his/her genetic material. There are few considerations that can help in
understanding such ideas:

1. Aging has not been chosen during the procedure of development and no gene has
been recognized that might directly control aging. DNA repair genes (Sirtuin-6)
might have indirect effect by offering better DNA repair.

2. Aging is reliant upon both hereditary and environmental factors which eventually
influence the phenotype of the aged person.

While the main function of a gene is to control cell activities, leading to increased
life expectancy and improved health of an individual, aging may be perceived as an
unpredictable outcome of its function (Franceschi et al. 2018). The environment
plays an important role in progressing towards age-related diseases. In response to
various environmental stimuli, various epigenetic changes take place throughout an
individual’s lifetime that affect the major metabolic pathways and may lead to
inflammation like conditions that cause a number of diseases associated with aging
(Yang et al. 2015).

9.2 Role of Oxidative Stress in Aging

9.2.1 The Free Radical Theory and Pathway of Aging

The free radical theory of aging (FRTA), initially given in 1950s, by Denham
Harman, postulated that the formation of oxidative species and development of
oxidative stress accelerates the aging process. The harm is caused by the metabolic
products of oxygen, called reactive oxygen species (ROS). The FRTA is at present
viewed as a prominent concept in the field of aging. Different researches have
indicated the role of ROS and how with growing age, the quantity of ROS increases
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in the body. The investigations additionally showed that a decrease in the accumu-
lation of ROS in the body promotes overall life expectancy of different animal
models (Gladyshev 2014).

There has been an increased number of evidences against FRTA, though, that did
not influence the hypothesis or its validity. However, the common conflict against
the hypothesis is that numerous examinations have proved that the process of aging
occurs even under anaerobic conditions, where decreased production of ROS takes
place. Studies conducted on yeast gave comparative results where it was seen that
yeast produced under anaerobic conditions has a decreased life span as compared to
the yeast produced under aerobic conditions (Hekimi et al. 2011).

The investigation of oxidative stress in the field of aging has been crucial as its
progression can be visualized using different diagnostic strategies, and can likewise
be managed by compounds known for their anti-oxidizing capacities. Thus, along
with respiratory and other metabolic procedures, aging also leads to the accumula-
tion of ROS. Cell examination can be used to determine the degree of damage caused
by ROS generation (Gemma et al. 2007).

Very few protocols exist to consider the results of different processes and their
by-products, which go undetected during ROS generation. Currently, there are very
limited findings about the detailed role of proteins, RNAs, their synthesis, and
generation regarding ROS metabolites. However, sufficient data can be found on
aging and damages caused by different factors, other than oxidative stress and ROS
generation. The examination of different stages of aging indicated abnormalities in
proteins functions, eventually prompting diseased condition. The idea to work on
aging led towards investigation of damage caused by aging to DNA, proteins, and
cellular metabolites (Milholland et al. 2017). Currently, various researchers support
damage accumulation as a factor for aging; however, the system behind it and the
connection between regular clearance and damage accumulation is still unclear. In
1972, the hypothesis of aging was drawn from two postulates which were as follows
(Hekimi et al. 2011):

1. The rate at which free radical’s reactions (FRRs), start in the mitochondria,
increases with age.

2. Life span of an individual is dependent upon the rate at which the free radicals
damage the mitochondria.

The impacts of mitochondrial aging have been examined before in 1983. More
research in this area helped in determining that better lifestyle aids in a reduction of
free radicals reactions. The aging hypothesis proposes approaches to reduce mito-
chondrial damage which includes:

1. Use of anti-oxidizing agents to lessen the chain length of FRRs,
2. Reducing copper, iron, and other oxidants to decrease the speed of FRRs forma-

tion, subsequently decreasing the rate at which aging occurs.

These approaches can reduce the rate of aging even without much efforts on ideal
lifestyle. Different studies conducted have also added to these two mentioned
parameters (Howes 2006) (Fig. 9.1).
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9.2.2 The Nutrient-Sensing Pathways and Their Role in Longevity

With respect to different physiological changes taking place in organ systems, aging
is considered to be an irreversible process. Undoubtedly, the process of aging occurs
because of interaction between the genetic and epigenetic factors; however, envi-
ronmental factors also have a significant role to play in the process. Considering
these factors, the life expectancy in people has increased significantly in the past two
centuries, while it has been assessed that by 2050, in some nations of Europe, the
percentage of life span of people aged 60 years will increase from 20% to 40%, while
the ratio of centenarians will be around 3.2 million, everywhere throughout the
world (Davinelli et al. 2012).

Regardless of how research has demonstrated the positive role of different
variables like hereditary, dietary, and pharmacological aspects, in decreasing the
pace of aging and improving life, “Caloric restriction” still appears to be the crucial
factor to expand life span in all life forms. The life span of a living being is adjusted
by means of nutrient sensors, which react to different physiological as well as
environmental conditions. Nutrient sensing mechanisms perform a significant role
during aging as different nutrients are directly or indirectly responsible for initiating
many nutrient-sensing pathways. Various genes have been distinguished for having
a key role as controllers of life expectancy by having distinct roles in nutrient-
sensing pathways. These genes are called “nutrient-sensing longevity genes”
(Shimokawa et al. 2008).

MITOCHNDRIA

CELL 

MEMBRANE

ENDOPLASMIC 

RETICULUM

OTHER 

EXOGENOUS 

SOURCES

REACTIVE 

OXYGEN 

SPECIES

• Cell signaling pathways regulation

• Cell structures maintenance

• Modulation of cellular metabolic 

activities

•
• Aging and cell death

• Increased cell toxicity

ANTI-

OXIDANTS

Cytoprotective

enzymes release
Detoxification

Improved health 

and life span

S
O

U
R

C
E

S

Molecular and cellular damage

Fig. 9.1 The harmful effects of reactive oxygen species generated from different endogenous and
exogenous sources and their counter- effects by anti- oxidants

198 A. Zulfiqar et al.



Dietary considerations are made and the eating pattern is observed so as to decide
the health condition and form a link between diet intake and a disease. Disease
occurrence due to dietary predisposition is increasing, while, on the other hand,
age-related abnormalities are decreasing due to improved human healthcare services.
Energy homeostasis is maintained by the capacity of biochemical pathways to detect
the nutrient consumption along with accessibility at both cell and individual’s levels.
However, further investigations are required to completely comprehend the system
behind diet and its formation, and how it influences the human life expectancy,
particularly concentrating on nutrient-sensing pathways (Marshall 2006).

Furthermore, it has been observed that an improved life expectancy is linked to
characteristic genetic variations in nutrient-sensing pathways. During recent years,
few of these pathways have been studied in worms or mice; one specific pathway is
the IGF-1 pathway. The mechanism of IGF-1 is important in all creatures and
research has indicated that an adjusted IGF-1 flagging pathway brings about a
decreased life expectancy (Kapahi and Zid 2004). Undoubtedly, changes known to
hinder IGF-1 receptor capacity have been demonstrated to be overexpressed in a
partner of Ashkenazi Jewish centenarians proposing that centenarians may harbor
unique variations in genes encoding segments of the IGF-1 pathway (Suh et al.
2008). Polymorphic variations in genes which are associated with IGF-1 flagging
have likewise been associated with life span in a Japanese partner of 122 semi-
supercentenarians (105 years of age and more traditional). The FOXO translation
factor FOXO3, member of the IGF-1 pathway, is fundamental for caloric restriction
impacts and it has been exhibited that polymorphisms in FOXO3 are associated with
human life span in a few related groups (Davinelli et al. 2012).

9.3 Nutrients and Nutraceuticals in Aging

9.3.1 Nutrients

Nutrients (additionally known as macronutrients) are common natural compounds
that are implied in biochemical processes responsible for life or are constituents of
cell biomass. Glucose and related sugars, amino acids and lipids are important
nutrients required by cells to perform various vital functions. Some nutrients can
be esesential like amino acids, fatty acids, vitamins, and minerals or they can be
non-essential like dietary fibers, short-chain fatty acids, etc. Some can be semi-
essential as well because essentiality is not really a sign of supplements; for certain
amino acids, for example, arginine, cysteine, glutamine, glycine, proline, and tyro-
sine, vitality is situation dependent. In healthy individuals, the repeated synthesis of
these amino acids from different substances meets an organism’s needs; however,
under specific metabolic requirements, for example, during the growth of infants,
they should likewise be acquired from the environment (Efeyan et al. 2015)
(Fig. 9.2).
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9.3.2 Caloric Restriction (CR) in Aging

The most well studied and well-established procedure to slow the process of aging is
caloric restriction. With a 20–40% decrease in calorie consumption, without
resulting in malnutrition, studies have shown an improved life span (Shimokawa
et al. 2008). As a consequence of caloric restriction, it is observed that various
metabolic pathways are affected, such as the insulin and glucose levels are reduced
as well as decrease in thyroid and reproductive hormones. On the other hand, due to
its ability to decrease the rate of aging, caloric restriction has been deemed as an
imperative area for research to determine the delay in aging in all kinds of organisms
(Azzu and Valencak 2017).

9.3.3 Anti-Oxidant Nutrients in Aging

Anti-oxidant nutrients are those which decrease the process of oxidative damage to
the cells and tissues of our body. Found in various fruits and vegetable, such as
cherries, orange carrots, purple berries, etc., anti-oxidants can fight against cancer
and a wide range of other diseases. Anti-oxidants slow the process of aging by
reducing the amount of free radicals production which causes damage to our body.
Some of the important anti-oxidants and their anti-aging properties are discussed
below.
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9.3.3.1 Phytochemicals
Phytochemicals are non-essential nutrients found in different plant sources. Regard-
less of a translational distance between clinical and laboratory research, the present
understanding of molecular connection of phytochemicals, safe metabolic pathways,
and oxidative stress pathways can help to form strong dietary patterns so as to block
the way toward aging and its related illnesses. Studies have shown dietary
phytochemicals to cause a condition called hormesis. The condition is caused by
low levels of bio-active compounds, for example, phytochemicals that act as mild
stress inducers to influence the expression of stress-defensive genes and furthermore
increase protection from the procedures that control aging (Puca et al. 2018).

Research carried out at the level of in vivo and in vitro have confirmed that most
of the phytochemicals affect the expression of different genes that code for
pro-survival proteins, for example, anti-oxidant enzymes, neurotrophic/anti-
apoptotic factors (Dillard and German 2000). So as to cause better stress resistance,
various cellular adjustments are included which lead to a number of previously
mentioned nutrient-sensing pathways for a better life span. The association of
hormesis during aging process has been reported by earlier studies conducted by
Rattan, where role of caloric restrictions in the process of anti-aging and life span in
long-lived species was clarified (Rattan 2008).

A large amount of data can be gathered on the advantages of plant extracts to slow
the development of aging and its related diseases (Dillard and German 2000). It has
been suggested that signaling of Nrf2 is initiated in the counter aging reactions
induced by phytochemicals. Nrf2 is viewed as a key controller of versatile reactions
to oxidative stress, but very little research has been done to decide the role of Nrf2 in
the regulation of aging pathway and improved life expectancy (Shimokawa and
Trindade 2010).

There are also many phytochemicals, like polyphenols, flavonoids, etc., present in
fruits, vegetables, and spices as key component and they are crucial in lowering the
age-related health deterioration. Interestingly, these phytochemicals ultimately block
the production of ROS by activating the Nrf2 pathway, as a result, control oxidative
damage and stress in this way (Masoro 2005).

9.3.3.2 Catechins and Plant Polyphenols
Plant polyphenols are thought to be the secondary metabolites and are randomly
distributed in higher plants. Some specific properties of polyphenols among several
others include anti-oxidizing capabilities and solubility in water. Polyphenols also
pose negative effects on human body, that is why nutritionists thought these to be
“anti-nutrients.” The harmful effects of polyphenols include restricted capabilities of
digestive enzymes, decreased energy, and decreased availability of proteins/amino
acids along with some other toxic effects. However, they are used as lowering the
age-related diseases like CVD, diabetes, neurodegenerative diseases, inflammation,
etc. (Forni et al. 2019).
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Studies conducted previously have derived a link between increased intake of
nutraceutical phenolic compounds and a reduced rate of many types of cancer and
coronary diseases. A polyphenol, Epigallocatechin gallate (ECGC), has been
observed to protect against DNA damage due to UV radiation along with immune
suppression, because it has the ability to decrease the oxidative stress and block
NF-kβ (Peng et al. 2014).

9.3.3.3 Carotenoids
Carotenoids, also known as fat-soluble substances, are present in vegetables like
carrots, bell peppers, papaya, collard greens, spinach, sweet potatoes, tomatoes, and
kale (Forni et al. 2019). There are four types of carotenoids which have been
reported to be converted to vitamin A (Retinol):

1. Alpha Carotene.
2. Beta Carotene.
3. Gamma Carotene.
4. Beta Cryptoxanthin.

Some other types of anti-oxidant carotenoids are lutein, zeaxanthin, and lycopene
but these are not converted to Retinol. The effect of carotenoids on bone mass
density (BMD) is not clear; studies are underway to know how it effects the BMD
using serum biomarkers. However, research has shown a relation between high
levels of beta carotenes and high BMD in females (Wattanapenpaiboon et al.
2003). The Framingham’s study recommended that the incidence of hip fracture
was reduced in people with intake of carotenoids. The participants with higher intake
of total carotenoid and lycopene were found to have 46% and 34% lowered hip
fracture risks, respectively. In this way, increasing the utilization of the carotenoid-
rich vegetables may have extra health advantages, despite the fact that the data of
how great their ingestion for bones is clear (Sahni et al. 2009).

9.3.3.4 Phytosterols (Plant Sterols)
Many plant-based diets normally contain small amounts of phytosterols, a subclass
of terpene. Organic products, nuts, seeds, and vegetables are significant sources of
phytosterols. Organic product contains around 15 mg of phytosterols per 100 g wet
weight, though, seeds contain around 120 mg of them for every 100 g wet weight
and vegetables contain 20 mg of phytosterols per 100 g of wet weight. The dietary
ingestion of phytosterols by and large contains 65% sitosterol, 30% campesterol, and
3% stigmasterol. Routine ingestion of plant sterols is around 160–400 mg/day. To
bring down the degree of cholesterol in everyday nourishment items, phytosterols
are being utilized to enhance the nourishment. Beta-sitosterol and its glycoside are
delivered by plants and tend to reduce the overall cholesterol levels which ultimately
reduces coronary disease through restraining the retention of cholesterol (Chawla
and Goel 2016).
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Studies show that anti-neoplastic, anti-inflammatory, anti-pyretic, and
immunomodulating activities are manifested by phytosterols. The phytosterols are
similar in structure to cholesterol and thus compete with cholesterol in the digestive
system for intestinal absorption. In the digestive tract, plant sterols are at first
solubilized into a micelle structure. These micelles collaborate with brush-border
cells and are moved into enterocytes. Plant sterols are esterified inside the enterocyte,
gathered into chylomicrons, and discharged into the lymphatics. They are discharged
by means of the biliary framework, thus helping in the removal of cholesterol from
the body (Piironen et al. 2003).

They also include another significant subclass of terpenes. Beta-sitosterol and its
glycoside are two of the sterol molecules produced by plants. These two substances, in
animals, show anti-inflammatory, anti-pyretic, anti-neoplastic, and immunomodulating
activity (Chawla and Goel 2016). The concentration of cholesterol in the body is more
efficiently decreased by saturated phytosterols than unsaturated substances (Jain and
Ramawat 2013).

9.3.3.5 Calcium and Vitamin D
Vitamin D is known to be a vital fat-soluble nutrient required for metabolic activities
of calcium. Liver, milk, and fish from salty water are reservoirs of vitamin
D. Vitamin D plays an important role in absorption of calcium, balance, bone
quality, muscle function, and danger of falling. Moreover, vitamin D is also
incorporated into calcium supplements and multivitamin tablets which can be
utilized to overcome its deficits, particularly, in the regions where there is an
increased shortage of daylight. The prescribed level of vitamin D is 400 IU/day
for people under 70 years and 600 IU/day above that by Food and Nutrition Board
(FNB) at the Institute of Medicine of the National Academies (USA, Canada). These
levels extend between 800 and 1000 IU/day by the National Osteoporosis Founda-
tion for the people more than 50 years. Studies have concluded a clear deficiency of
vitamin D in the individuals generally residing in the northern areas due to decreased
sun exposure, aged individuals, or individuals with nutrition and absorption issues,
or persistent liver/renal issues. Vitamin D insufficiency is more common in dark
skinned individuals (Gennari 2001).

Vitamin D along with calcium is extremely important for the well-being of
skeletal tissues to decrease fractures in bones. While vitamin D2 (ergocalciferol) is
obtained from vegetable sources, vitamin D3 (cholecalciferol) is from animal
sources, both have quite the same effectiveness in terms of medical usage over the
same dosage of vitamin D (Rosen et al. 2017).

Latest studies also indicate that life expectancy can be increased by using vitamin
D with calcium. Calcium and vitamin D combination basically enhances the meta-
bolic activities of bone and thereby preventing the development of osteoporosis.
Apart from that, their role is also being studied for their non-skeletal purposes. For
instance, the risk of colon cancer and colonic polyps can be decreased effectively
with calcium-rich intakes, while diabetes and other cancers can be controlled via
intake of vitamin D. Most recent examinations additionally show that life duration
can be enhanced by utilizing vitamin D in combination with calcium. The blend of
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calcium and vitamin D improves the metabolic processes of bone and keeps them
protected from osteoporosis. Apart from that, role of calcium and vitamin D is
likewise being read for their non-skeletal purposes, such as the danger of colon
malignant growth and colonic polyps can be decreased successfully with increased
consumption of calcium-rich, while diabetes and different tumors can be controlled
by consumption of vitamin D (Del Valle et al. 2011).

9.3.3.6 Vitamin E
These are a class of dietary anti-oxidants including four tocopherols and four
tocotrienols. Researches have indicated that provision of vitamin E to rodents
resulted in many effects like:

1. Improvement of cognitive abilities.
2. Neuroprotective activity in mice deficient with APOE.
3. Reduced Aβ poisoning in hippocampal cultured neurons.
4. Improved functions of nervous system and mitochondria in aging rodents.

Decreased levels of vitamin E is responsible for impairment of innate and
adaptive immunity (Sen et al. 2007). Monocytes release reactive oxygen species
(ROS), just as they attach to the endothelium and increase inflammation by the
expression of CD11b and late antigen 4. The production of chemokines and
pro-inflammatory cytokines are considerably decreased by vitamin E as they effec-
tively hamper the activation of NF-kB (Moriguchi and Muraga 2000). Damages
caused by immune system are reduced by vitamin E as it controls the release of
IFN-γ and FasL expression by action on T-helper cells. Results from research show
that, the immune system of the aging mice was controlled upon treatment with
vitamin E as it suppresses prostaglandin E2 generation yielding an improved T cell
function and postpones hypersensitivity reactions. The usage of 200 mg/d of vitamin
E for 3 months can improve lymphocyte production, IL-2 creation with neutrophil
capacities, and natural killer cells activity for individuals. However, literature addi-
tionally proposes that interruption of vitamin E consumption reclaims similar
capacities to their previous status within half a year. Thus, treatment of vitamin E
with aging ought to be taken as regular dosage (Meydani et al. 1990).

9.3.3.7 Vitamin B Group
Vitamin B9 or folates are imperative for the improvement of the central nervous
system. Low levels of vitamin B9 is normally seen in aged people. This might be
because of a low food intake and furthermore modified/reduced nutritional absorp-
tion in the digestive organs. Other medical issues caused due to deficiency of vitamin
B9 in the body include increased psychological disabilities, dementia, and increased
anxiety in elderly people. Not much supportable information can be found to support
the effect of vitamin B9 alone as an addition or in combination with others to reduce
or prevent the chances of cognitive decline in neuropsychiatric illnesses in elder
patients (Villeponteau et al. 2000).
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9.3.3.8 Omega 3 Fatty Acids
Omega 3 fats can be found in different sources, for example, fish, eggs, pecans, and
flax seeds. These are polyunsaturated fats having anti-oxidant properties and they
may similarly increase calcium absorption in the digestive tract. Research led on
78 healthy, young men provided a positive link between utilization of omega 3 fatty
acids and standard BMD (Gogus and Smith 2010). However, a research led on
healthy and young children concluded that increased proportion of omega 6 to
omega 3 negatively affects BMD and furthermore lowers hip BMD in aged females.
The study also shows the potential advantages of omega 3 on skeletal health. The
research additionally concluded that the co-administration of omega 3 and calcium
may enhance its benefits for skeletal health (Cholewski et al. 2018). Consequently,
there is a likelihood that a decreased proportion of omega 6 to omega 3 may be
clearly identified associated with skeletal health thus more utilization of omega
3 fatty acids is prescribed, while less utilization of omega 6 is suggested.

9.3.3.9 Whey Protein
Whey is the liquid portion that remains after the milk curdles. It is rich in whey
protein which helps in muscle growth, reduces inflammation and blood pressure. A
group of elderly men were provided with an experimental diet containing high
amount of whey protein (35 g versus 10 g). Reports showed increased amino acid
maintenance and an increase in muscle proteins synthesis. Correspondingly, it has
been seen that providing elderly men with whey proteins has increasingly positive
effect in muscle activity rates when compared with Casein, which is additionally a
protein source from real milk. These results demonstrate that utilizing whey protein
in diets of elder men may positively impact building of mass which is very
extraordinary since Sarcopenia or lost skeletal muscle mass is caused with aging.
This, reciprocally, helps battle disability whose one significant explanation is
Sarcopenia (Patel 2015).

Amongst a variety of nourishing proteins available, whey proteins are the most
acclaimed for their remarkable medical advantages because they contain all the vital
amino acids crucial for human body. Long chain amino acids are specifically found
in abundance in whey protein (Davoodi et al. 2016). Moreover, it also helps with
controlling the loss of muscle and weight. Besides effectively accessible and palat-
able, these proteins give extra-dietary advantages: for example, alpha lactalbumin
(α-lactalbumin), which is another whey protein being promptly accessible, has a
high amount of the amino acid tryptophan which is a precursor of the supplement
niacin (Vitamin B3) (Gupta and Prakash 2015).

Whey proteins have some important points regarding health, which are as
follows:

(a) Abundance of essential amino acids.
(b) Anti-microbial action.
(c) Development of helpful gut microflora: Bifidobacteria.
(d) Immune enhancers.
(e) Check on developmental diseases: malignant growth.
(f) Serum activities.
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9.3.3.10 CoenzymeQ10
CoenzymeQ10 is a supplement which has a crucial role in various cellular activities
essentially the formation of Adenosine Tri-phosphate (ATP) which is utilized as an
essential source of energy by the cell itself. CoenzymeQ10 is an extraordinary cell
support molecule which is useful in reducing oxidative stress. Patients experiencing
coronary heart disease were given this as supplement and it was discovered that
CoenzymeQ10 has a moderating effect by lowering the inflammatory marker IL-6
(Saini 2011). It was found that CoenzymeQ10 supplement enhances endothelial
capacity in patients experiencing distinctive heart diseases. CoenzymeQ10 may also
be linked with damage indicators as recent reports have indicated low plasma levels
of coenzymeQ10 in breast cancer among Chinese women. Additionally,
coenzymeQ10 has a role in creatine kinase activity to manage cellular homeostasis
and old-aged bipolar disorder (Rodick et al. 2018).

9.3.4 Nutraceuticals

Nutraceuticals are characterized as another class of chemicals which is a cross
between medications and nourishment. According to its definition, a nutraceutical
is “a supplement or part of diet that benefits health, also improves its nutritional
component.” Variety of compounds extracted from plants (phytochemicals) or
animals in whatever way, when separated and converted into appropriate pharma-
ceutical form, can make promising tool to help fight and cure many diseased
conditions when given in adequate quantity.

One important aspect of nutraceuticals is to treat the metabolic disorder which is
characterized by obesity, dyslipidemia, hypertension, and insulin resistance. Diet
and lifestyle changes are accepted worldwide to be fundamental in maintaining such
disorders. The National Health Systems ensures the best possible and cost-effective
restorative method dependent on pharmaceuticals. Misuse of nutraceuticals can lead
to many pre-clinical issues and certain health conditions. They can be effectively
utilized, by incorporating into daily diet, in the range “beyond the diet, before
drugs,” as they combine the nutritional and useful properties of diet with the curative
properties of the naturally occurring substances (Santini et al. 2017). The common
nutrients can act as nutraceuticals when required. Some natural plant extracts which
are being used as nutraceuticals are mentioned in the table (Table 9.1).

9.3.5 Important Anti-Aging Plant Nutraceuticals

Plant extracts have been utilized as traditional medicine (TM) throughout the world,
and considered to be the fundamental for improving human healthcare and/or disease
management. Nearly 10,000 plant species are utilized for this purpose. However, the
pharmacological and biomedical testing of natural plant extract mixtures has been
done in animal models, yet there is a need to study and evaluate the bioactivity of
therapeutic plants. Anti-aging plants are most widely grafted and cultured by various
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markets of dietary and pharmaceutical items, which combine the area of
nutraceuticals with nutricosmetics. These are characterized as sustaining nourish-
ment with health and external beauty benefits (German-Baez et al. 2017).

9.3.5.1 Ginkgo Biloba for Neuroprotection
Ginkgo Biloba Extract (EGb-761) is known to be an important source of flavonoids
and terpenes. It helps with memory improvement in people with Alzheimer’s disease
and treats certain other mental illnesses. Apart from this, it was found that a similar
concentrate given for a transient period for one and a half month improved different
neurocognitive impairments. When rodents were exposed to a certain dosage of
EGb-761, it effectively treated mitochondrial damage, reduced action potential, and
increased levels of mtDNA damage (Field and Vadnal 1998).

9.3.5.2 Blueberry (Vaccinium corymbosum) for Improved Life
Expectancy

One of the important cell supplements is Vaccinium corymbosum, which is also
known as blueberries. These include large variety of polyphenols that provide wide
range of health benefits. Cancer preventing agents fight the free radicals responsible
for damaging distinctive cell structures such as DNA. Research conducted on
specific organisms have shown that blueberry jam enhanced their learning and
memory by improving their neuronal capacity (Olas 2018). Studies on
Caenorhabditis elegans have, comparatively, indicated that presence of polyphenol
in blueberries has increased the life expectancy by decreasing age-related intracellu-
lar mass of lipofuscin which acts as a biomarker for age-related damage of cells.

Moreover, these extracts decrease the level of a lipid peroxidation biomarker,
called 4-hydroxynenal. Additionally, polyphenols from blueberry enhance the pha-
ryngeal siphoning rates of mature worms and increase resistance to temperature,
consequently they improve the worms’ health (Gupta and Prakash 2015). It is also
known that blueberry compounds have ability to increase the life span of Drosophila
by almost 10%. These studies have demonstrated the basic activity of blueberries in
invertebrates which can be extended in future to study more of such animals
(Hidalgo and Almajano 2017).

9.3.5.3 Cranberry (Vaccinium macrocarpon) and Oregano (Origanum
vulgare) for Increased Life Span

The Cranberry and Oregano plants also provide various health benefits. Cranberry is
rich in many phytochemicals. Cranberry juice is reported to be effective in treating
urinary tract infections. Many signaling pathways like mitogen-activated protein
kinase, Jun kinase (JNK), and NFκB pathways were found to be affected by
cranberry, indicating it to have significant anti-oxidant properties. Both cranberry
and oregano have shown anti-microbial activities. Oregano is found to possess anti-
viral, anti-oxidant, anti-tumor, and anti-apoptotic activities. It was found to be
effective against hyperlipidemia and diabetes Zou et al. (2009). Specialists have
indicated that the addition of a blend of oregano and cranberry (OC) extracts in the
diet results in an increased life expectancy in Mexican common flies (mexfly).
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Additionally, enhanced longevity was found to be the result of OC supplementation
in middle age. However, even increase in OC did not result in life expectancy during
middle age. These results require strong attention towards diet intake and composi-
tion to build up a strong developing intervention Zou et al. (2009).

9.3.5.4 Nectarine and Acai
Nectarine and Acai are found to be rich in phytochemicals. Nectarine is used
worldwide, while acai is native to Amazon. In high fat diet fed Drosophila, nectarine
was seen to be associated with life longevity while acai was linked with improved
health. But the exact underlying mechanisms are yet to be identified (Sun et al. 2010;
Boyd et al. 2011).

9.3.5.5 Rosa Damascena
Rosa damascena, a hybrid species of rose, is very commonly used to make rose oil
and water in health and food industries. Rosa damascena extract contains a number
of unstable natural substances such as polyphenols including myricetin, quercetin,
gallic acid and kaempferol, and terpenes including heneicosane, citronellol, and
disiloxane. Extracts of Rosa damascena have shown to be effective against seizures
in rodents, microbial diseases, and amyloid beta accumulation in neurons, thus
showing therapeutic potential against Alzheimer’s disease. An extract of Rosa
damascena was found to increase average life span and longevity in Drosophila.
This extract also improves flies’ response to stress, protects them from oxidative
stress and iron induced stress. Molecular studies have demonstrated that rose extracts
reduce heat-initiated activation of a significant heat shock protein HSP70 and a
relatively small mitochondrial heat shock protein HSP22. In this way, Rosa
damascena was suggested to be helpful in increasing life span of flies by making
them resistant against iron induced stress (Dong et al. 2012).

9.3.5.6 Green Tea as a Health Supplement
Epigallochatechin-3-gallate (EGCG) is the basic and dynamic flavonol in green tea,
along with this, other important chemicals are epigallochatechin, epicatechin, and
epichatechin-3-gallate. Regardless of all the studies concerning the neuroprotective
properties of EGCG in people, epidemiological data has shown that higher use of
tea/green tea, rich in EGCG, is associated with a reduced risk of neurodegenerative
issue and a lower risk of mental illnesses, thus reducing the cases of dementia,
anxiety, and Parkinson’s disease. Tea catechins have broad range of actions because
of their capacity to chelate metal ions, total iron, to start a mitigating reaction, to
stimulate cholinergic transmission, and to revive neuronal development (Singh et al.
2010).

9.3.5.7 Cocoa Polyphenols and Enhanced Life Expectancy
Distinctive polyphenols with high disease controlling activities, for example,
flavonoids, are obtained from cocoa. According to a study, the cocoa powder is
rich in flavonoids which decrease oxidative stress in C. elegans. Genes in C. elegans
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can be controlled by cocoa polyphenols which reduce oxidative stress, and influence
and change the chromatin structure (Andújar et al. 2012).

9.3.5.8 Tannic Acid (TA) and Quercetin as Longevity Supplement
Tannic acid (TA) belongs to a group of tannins; they are optional metabolites of
plants with different restorative activities. TA has different pharmacological
properties which protect from neurodegeneration, pathogen infection, oxidative
damage, and carcinogenesis.

Quercetin is an important cell component and belongs to flavonoid family. It is
present in many citrus fruits, tea, apples, parsley, onions, red wine, and sage, and
also in different dietary supplements. Quercetin has been found to show beneficial
effects on bone mineral density. However, still there is a need of more information to
extract flavonoid mixes having beneficial pharmacological effects which can be
helpful in reducing age induced aging (David et al. 2016). Transcriptome analysis
shows that quercetin impacts the gene regulation in TGF-β members, insulin like
family, and p38 MAP kinase pathways. These studies suggest that TGF beta and p38
mitogen associated protein kinase include important and long-lasting roles of TA
and quercetin (Gupta and Prakash 2015).

9.3.5.9 Olive Oil as Phenolic Supplement
The utilization of olive oil was found to have numerous beneficial health effects and
increases the life span in humans. These effects of olive oil are due to the occurrence
of many phenolic compounds. Tyrosol is one of the most common phenol in olive
oil; it was found to significantly improve the life expectancy of C. elegans by
protecting it from heat and oxidative damage. Tyrosol induced longevity is depen-
dent on HSF-1 and IIS/DAF-16. After treatment with tyrosol, Hsp-12.6, a
co-regulated target gene of DAF-16, and HSF-1 are considerably upregulated in
grown-up worms. It has been found that the heat shock protein HSP-12.6, improves
life expectancy and delay the poly-glutamine protein accumulation in C. elegans.
HSF-1 is important for keeping up the homeostasis of various proteins. Together,
these examinations recommend that tyrosol as a phenolic compound in olive oil
increases life expectancy by increasing resistance to oxidative stress and thermo-
tolerance (Cañuelo et al. 2012; Hsu et al. 2003).

9.3.5.10 Rosmarinic Acid and Caffeic Acid
Rosmarinic acid (RA) and caffeic acid (CA) are commonly found in a group of
ordinary herbs and vegetables. RA and CA show anti-carcinogenic, anti-microbial,
anti-tumor, anti-apoptotic, and anti-rheumatic properties. RA and CA can improve
the life span of C. elegans (Gupta and Prakash 2015). Similarly, some studies also
recommend that CA and RA increase life span by controlling the pathways involved
in managing stress response (Krajčovičová and Meluš 2013; Magnani et al. 2014).
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9.4 Conclusion

It is quite clear from the studies that nutraceuticals advance life expectancy, improve
longevity, and provide immunity against developing diseases which can shorten life.
More research in this field will help to reveal the underlying mechanisms of action of
these naturally occurring substances, so that they can be used as a supplements
and/or pharmacological agents for the treatment of old age disorders. Following a
balanced diet based on the consumption of these compounds will play a significant
impact on an individual’s overall health. Promising results of many nutraceuticals
have been observed in model organisms, and this data can be further used to decipher
their role in aging on molecular levels. The future belongs to nutraceuticals in place
of the conventional medicines, because of their maximum potential in curing and
preventing age-related diseases with no adverse effects to health.
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Abstract

Cognitive decline is known as the prevalent impairments related to aging and
recently by the increasing of life expectancy in societies, the number of patients is
rising. The impact of several nutrients and whole dietary patterns on cognitive
disorders proves that a healthy diet along with other modifiable factors (e.g.,
physical activity and cognitive activity) and non-modifiable factors (e.g., gender,
age, genetic) is an important factor to maintain cognitive function and improve
life quality during old age.

Aging and metabolic abnormality are both associated with cognitive decline
that have effect on fine motor control, balance, short-term and long-term
memories, and executive function. Oxidative stress and inflammation are com-
mon features in cognitive decline. Neuro inflammation occurs locally in the brain
thus peripheral inflammatory cells and circulating inflammatory mediators (e.g.,
cytokines) can also infiltrate the brain, and this occurs more frequently as we age.
Therefore, strategies like targeting peripheral inflammation can reduce infiltration
of inflammatory mediators into the brain and, as a result, reduce the prevalence of
a variety of age-related deficits.
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Functional foods affect the body by enhancing the consumers’ health or
reducting the chronic diseases risks, and these effects are more than the benefits
of usual foods. The average quantity and usual composition of food and beverage
used by an individual or a group of people—dietary pattern—are the main source
of nutrients for body and it is expected to affect the life quality and health
condition during lifetime including age-related cognitive decline.

Nutrients in the food can affect cognitive processes and emotions by changing
the chemical composition of our brain and alter our mood. Dietary factors affect
multiple brain processes through regulating neurotransmitter pathways, mem-
brane fluidity, synaptic transmission, and signal-transduction pathways. Some
plausible mechanisms of action for diets and nutrients shown to be effective on
cognitive aging have been schemed in this chapter.

Keywords

Functional food · Dietary pattern · Cognitive decline · Aging

10.1 Introduction

In recent decades, the life expectancy is growing as a result of improving the public
health and lower infectious diseases. Based on WHO report, the population over
60 in the world is increasing during recent years and the societies are going old faster
in the next decades (Ageing and health 2018).

Aging of population causes the epidemic of chronic diseases associated with
elderly people such as diabetes, heart disease, dementia, and Alzheimer’s disease
(AD). These disorders affect the quality of life in aged population and cause massive
financial burden on the health systems, which in developing countries bring more
problem because they already engaged in fighting with the infectious diseases. Many
efforts have launched to understand the factors of prevention and control of chronic
diseases related to aging and enhance the life quality of aged people as well as
decrease the treatment costs for the old people, their family, and the governments
(Shetty 2012).

Cognitive decline and dementia are known as the prevalent impairments related
to aging. These chronic diseases cause disability more than mortality in the patients
and impose heavy costs on the families of patients and the societies and the financial
burden of these diseases are growing by the increase of aging in the world popula-
tion. Prevention of the dementia is one of the most important research priorities to
reduce the worldwide burden of the disease by 2025. Different risk/protective factors
have been evaluated and effect of diet, as one of the modifiable factors on dementia
has been defined (Shah et al. 2016). The impact of several nutrients and whole
dietary patterns on cognitive disorders has been studied (Richard et al. 2018; Smith
and Blumenthal 2016) and the findings explicit the synergetic effects of nutrients and
components of diet (Richard et al. 2018; Solfrizzi et al. 2017). According to these
information, a healthy diet along with other modifiable factors (e.g., physical activity
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and cognitive activity) and non-modifiable factors (e.g., gender, age, genetic) is an
important factor to maintain cognitive function and improve life quality during old
age. In this chapter, authors attempt to explain cognitive impairment related to aging,
definition of functional foods and dietary patterns and their classifications, the role of
functional foods and dietary patterns on cognitive function, and the possible
mechanisms and pathways involved in the effects of dietary patterns on cognitive
decline related to aging. For quick access, almost all of neuroprotective nutrients
including amino acids, vitamins, flavonoids, fatty acids, minerals, and even gut
hormones have been summarized as a table and plausible mechanisms of action
for diets and nutrients shown to be effective on cognitive aging have been schemed.

10.2 How Aging Causes Cognitive Impairment?

Aging of the world population is an undeniable current actuality (Dominguez and
Barbagallo 2018) so today aging-related impairments are becoming more prevalent
and costly. Among these diseases, decline in cognitive function is a specific concern
(Tucker 2016) because cognitive skills play a crucial role in the daily functioning of
older people (Klimova et al. 2017) and dementia is one of the greatest causes of
disability (Dominguez and Barbagallo 2018). Cognitive decline occurs in mental
domains such as processing speed, reasoning, memory, and executive functions
(Deary et al. 2009).

On the other hand, aging increases risks of cognitive impairment and dementia
(Abbatecola et al. 2018). Worldwide, 47 million persons are currently affected by
dementia with about eight million newly diagnosed cases annually (Dominguez and
Barbagallo 2018). Prevalence of dementia has been increased to the point that more
than 13% of adults aged 72 years and older have dementia, and by 85 years of age
and older, 32% may have AD (Tucker 2016). Most of them, 60–75%, have AD
followed by vascular and Lewy bodies dementia. Because cognitive decline occurs
generally in old age and the causal brain pathology develops years before, thus
preventive strategies or delaying the onset of dementia would have intense effects on
public health (Dominguez and Barbagallo 2018).

Cognitive decline occurs both in normal aging and in pathological conditions,
such as neurodegenerative diseases. When considering about aging and cognitive
decline one certain interest is the hippocampus. With age-related cognitive decline,
neurobiological alterations occurred in hippocampus including increased oxidative
stress and neuro inflammation, altered intracellular signaling and gene expression as
well as reduced neurogenesis and synaptic plasticity (Bettio et al. 2017).

Adult neurogenesis is an integral component of neural plasticity, brain homeosta-
sis, maintenance, and tissue remodeling in the central nervous system (CNS). In
mammalians, adult neural stem cells or precursor cells in the hippocampus can
differentiate and proliferate into new neurons. The process begins with the prolifer-
ation of progenitor cells, is followed by commitment to a neuronal phenotype and
morphological and physiological maturation with the development of functional
neuronal characteristics, and ends with the existence of a newly functioning
integrated neuron.
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The process is a highly complex and multi-step that determined by both intrinsic
and extrinsic factors, including neurotrophins, antidepressants, opioids, seizures,
physical activity, glucocorticoids, sex hormones, growth factors, excitatory neuro-
transmission, learning, physical exercise, stress, and diet.

There is impaired adult neurogenesis in patients with neurological diseases, includ-
ing AD, Parkinson disease (PD), Huntington disease (HD), epilepsy, ischemia, autism
spectrum disorders (ASD), and prion diseases, leading to continuous loss of neurons
and subsequent cognitive and motor disabilities. However, some strategies for adult
neurogenesis have vast therapeutic potential in combating the exponential rise in the
occurrence of neurodegenerative diseases (poulose et al. 2017).

There are several risk factors for cognitive decline that divided into modifiable
and non-modifiable risk factors. The non-modifiable risk factors include age, race
and ethnicity, gender, and genetics; and the modifiable risk factors involve diabetes,
head injuries, lifestyle, socio-economic, and environmental parameters including
nutrition and education (Dominguez and Barbagallo 2018; Klimova et al. 2017).
Prevention strategies for treatment of age-related cognitive decline are very impor-
tant (Dominguez and Barbagallo 2018). Neurogenesis plays a critical role in neural
plasticity, brain homeostasis, and maintenance in the central nervous system. Adult
neurogenesis is known to be affected by many intrinsic and extrinsic factors.
Intrinsic factors such as aging, neuro inflammation, oxidative stress, and brain
injury, as well as lifestyle factors such as high-fat and high-sugar diets and alcohol
and opioid addiction, negatively affect adult neurogenesis (poulose et al. 2017).

Aging and metabolic abnormality are both associated with cognitive decline that
have an effect on fine motor control, balance, short-term and long-term memory, or
executive function. Oxidative stress and inflammation are common features in
cognitive decline. Neuro inflammation occurs locally in the brain thus peripheral
inflammatory cells and circulating inflammatory mediators (e.g., cytokines) can also
infiltrate the brain, and this occurs more frequently as we age. Therefore, strategies
like targeting peripheral inflammation can reduce infiltration of inflammatory
mediators into the brain and, as a result, reduce the prevalence of a variety of
age-related deficits (Spencer et al. 2017).

10.3 Functional Foods and Dietary Patterns

Functional food or physiologically functional food is defined as a food with some
functions and physiological effects in the body by enhancement of consumers’
health or reduction of the chronic diseases risks, and these effects are more than
the benefits of usual foods. Functional food is known as a food enriched in one or
more constituents in order to promote the health of the body (Institute of Medicine
1994) by affecting the immune, nervous, digestive, endocrine, and circulatory
system. Arai S. introduced functional food for the first time in 1984, as the food
with the tertiary function in the body known as physiological function besides to
primary and secondary functions related to nutrients and preferences (Arai 1996).
Based on this explanation, functional food enhances the health of consumers further
than usual and traditional foodstuff (Ohama et al. 2006). Beneficial effects of
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functional food have been shown in scientific literatures (Nicoletti 2012; Szakály
et al. 2012; Roberfroid 1999) and its consumption is raising tremendously (Khan
et al. 2013), thus various publications attempted to explain it (Diplock et al. 1999;
Poulsen 1999; Aronson 2017). Besides all proposed explanations, there is not a
distinct internationally accepted definition for the term “functional food” yet
(Aronson 2017).

Functional foods are classified based on different features such as:

• Their origin (e.g., plants: oats, tomatoes, broccoli and other cruciferous
vegetables, garlic, tea, cranberry wine and grapes; and animal: fish, dairy
products, and beef) (Hasler 1998).

• Diseases that are supposed to be affected by them (e.g., diabetes, colon cancer,
osteoporosis).

• Physiological effects (e.g., antitumor activity, immunology, digestibility).
• Processing methods (e.g., chromatography, encapsulation, freezing), properties

(e.g., color, solubility, texture, physical properties).
• Physiologically active components (e.g., inorganic compounds, organic

compounds, microorganisms; as illustrated in Fig. 10.1) (Juvan et al. 2005).

Physiologically 
Active 

Components 

Organic Compounds:

Vitamins

Proteins

Lipids

Antioxidants, ...

Inorganic compounds:

Zinc

Iron

Calcium

Magnesium, ...

Microorganisms:

Probiotics

Prebiotics

Synbiotics

Fig. 10.1 Classification of functional foods based on physiologically active components
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Dietary patterns defined as the average quantity and usual composition of food and
beverage used by an individual or a group of people. Since dietary food is the main
source of nutrients for body, it is expected to affect the life quality and health
condition during lifetime and causes health risks especially chronic diseases.

Evaluation of dietary pattern is challenging and there are some limitations such as
measurement of exact food consumption or variations in dietary pattern thus various
strategies applied to overcome these defects. Categorization of similar foods in
broader groups repeated measurement of food intake during the study, and assess-
ment of the results from the systematic reviews of long-term studies has been used as
some of applied approaches to study the relation between dietary pattern and major
chronic diseases (Schulze et al. 2018).

According to the statistical evaluation of the results from several systematic
reviews, dietary pattern has a significant effect on the prevention of chronic diseases
including type 2 diabetes, cardiovascular and coronary heart diseases, obesity, and
cancer (Ley et al. 2014; Mozaffarian 2016; Bechthold et al. 2019; World Cancer
Research Fund/American Institute for Cancer Research 2018). In different studies,
the beneficial effects of some dietary patterns such as Dietary Approaches to Stop
Hypertension (DASH), Healthy Diet Index (HDI), caloric restriction, and Mediter-
ranean diet on cognitive function and dementia have shown (Wengreen et al. 2013;
Corrêa Leite et al. 2001; Le Bourg 2012; Cao et al. 2016; Petersson and Philippou
2016). In addition, following Mediterranean and Mediterranean-DASH Intervention
for Neurodegenerative Delay (MIND) diets have known to be useful to prevent
age-related cognitive decline (Calil et al. 2018; Feart et al. 2010). Physiological
properties of dietary pattern interfere in the metabolic pathways and affect the health
condition according to the composition of foods. For instance, antioxidant and anti-
inflammatory properties of Mediterranean diet (Sureda 2016; Estruch et al. 2016)
cause the beneficial effects on the health and reduction of health risks such as its
neurodegenerative diseases (Gardener and Caunca 2018).

Functional food consumption as nutrient supplement and healthy dietary pattern
are both useful for health condition but the dietary pattern is known to be more
effective in promotion of health and reduction of health risks (Tucker 2010).

10.4 Role of Functional Foods and Dietary Patterns
on Cognitive Function?

Undoubtedly direct connection is between nutrition, brain function, and behavior
(Gómez-Pinilla 2008). Nutrients in the food can affect cognitive processes and
emotions by changing the chemical composition of our brain and alter our mood
(Banjari et al. 2014). Dietary factors affect multiple brain processes through
regulating neurotransmitter pathways, membrane fluidity, synaptic transmission,
and signal-transduction pathways (Gómez-Pinilla 2008). Foods are made up of
more than one nutrient that their interactions can have impact on cognitive
possibilities through alertness and the production or release of neurotransmitters
(Banjari et al. 2014).
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Modifiable lifestyle factors have positive or negative effects on the susceptibility
of cognitive abilities to pathological aging conditions. Good factors including
dietary interventions, physical exercise, and environmental enrichment have positive
effects on oxidative stress, levels of phosphorylated tau and Aβ peptide,
neurotrophic secretion, synaptic transmission, and hippocampal neurogenesis.
Whereas bad factors include metabolic dysregulation, impairments in hormone
signaling patterns, elevated stress, increased caloric intake, sedentary lifestyles,
and poor cognitive reserve (Bettio et al. 2017). Modifiable lifestyle factors, including
physical activity, cognitive engagement, and diet, are a key strategy for maintaining
brain health during aging (Phillips 2017). Thus, changing lifestyle may reduce the
risk of developing aging-associated neuropathologies and neurodegenerative
diseases (Bettio et al. 2017).

Recently researches on combined effects, such as multi-nutrient approaches, or a
healthy dietary pattern are growing. The complexity of the diet and possible interac-
tion and synergy between nutrients are important (van de Rest et al. 2015) because
combinations of foods and nutrients may act synergistically to provide stronger
benefits than those conferred by individual dietary components (Dominguez and
Barbagallo 2018). Studies showed that multi-nutrient approaches using the Mediter-
ranean diet, DASH, and MIND could low-off risk of cognitive impairment, mild
cognitive impairment, and AD in older persons. This multi-nutrient style seems to
hold better effects than single nutrient intervention (Abbatecola et al. 2018).

At present, healthy diets, antioxidant supplements, and the prevention of
nutritional deficiencies in patients with dementia could be considered the first line
of protection against the development and progression of cognitive decline (Solfrizzi
et al. 2003). Collectively, significant slowing and reduction of cognitive decline may
be reached by following a healthy dietary pattern contain limits intake of added
sugars, while maximizing intakes of fish, fruits, vegetables, nuts, complex
carbohydrates, fibers, cereals, red wine, non-animal fat, seeds (Tucker 2016;
Solfrizzi et al. 2003), and functional foods (Sivamaruthi et al. 2018).

Brain is highly susceptible to alterations in body chemistry subsequent from
nutrient intake and deficiency. Epigenetic studies approve that some nutrients alter
our brain development and vulnerability to diseases (Banjari et al. 2014). The mild
brain chemical balance is controlled by the blood–brain barrier that can be realized
through brain’s capability of receiving, storage, and integrating sensory information
while initiating and controlling motor responses. These functions are related to
mental events and form the basis of behavior (Banjari et al. 2014). Neural impulses
are mainly resulting from sodium-potassium exchange, but factors such as complex
carbohydrates, amino acids (tryptophan and tyrosine), fatty acids, predominantly
omega-3 fatty acids, affect the permeability of cell membrane, neurotransmitter
metabolism, and glial cells (Banjari et al. 2014).

Food intake is basically motivated behavior with the potential to modulate brain
structure and function. Whereas the brain covers 2% of total body weight, it
consumes 20% of the total energy derivative from nutrients. The extreme request
for energy is because of requisite needs of neurons to maintain ionic gradients across
their membranes to facilitate neurotransmission via oxidative metabolism.
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Consequently, neurons are extremely sensitive to mitochondrial dysfunction and
oxidative stress. The importance of feeding behavior for survivability makes it seem
possible that improved food intake lead to positive function of brain that occurred
through ability of dietary factors to modulate synaptic plasticity by altering
neurogenesis, inflammation, antioxidant defense mechanisms, neurotrophin levels,
and energy metabolism (Phillips 2017).

Many of these nutrients can improve learning and memory by affecting the
hippocampal brain region. These compounds can induce adaptive stress–response
molecules and modify the specific microenvironments in adult progenitor cells area
and protect brain after more severe stress in the occurrence of larger insults by
promoting cell repair and survival, via inducing and activating trophic factors,
antioxidant and DNA-repair enzymes, and proteins involved in mitochondrial bio-
genesis (poulose et al. 2017).

Finally, the brain is the most metabolically active organ in the human body that
consumes 20% of the total energy derivative from nutrients (Phillips 2017). Intake
foods may have good or bad properties on cognitive function that it depends on
specific nutrient and synergism of nutrients between together. Nutrients affect on
cognition function by some pathways including sodium-potassium exchange, affect
permeability of cell membrane, neurotransmitter metabolism, and glial cells, altering
neurogenesis, inflammation, antioxidant defense mechanisms, neurotrophin levels,
energy metabolism, modify the specific microenvironments in adult progenitor cells
area, inducing and activating trophic factors, antioxidant and DNA-repair enzymes,
and proteins involved in mitochondrial biogenesis, and maintain ionic gradients
across their membranes to facilitate neurotransmission via oxidative metabolism
(Poulose et al. 2017; Banjari et al. 2014; Phillips 2017). For enhancing cognition,
there are numerous dietary patterns and lifestyles that may more or less affect
neurodegenerative disease in particular cognitive decline. In order to protect against
a variety of age-related conditions that can impair your memory and the general
functioning of your brain, a good first step is to concentrate on incorporating three
nutrients into your diet: omega-3 fatty acids, flavonoids, and vitamin E. Other good
nutrients include Phosphatidylserine, Taurine, Creatine, Melissa officinalis, Salvia
officinalis, Alpha-lipoic acid (ALA), Acetyl-L-carnitine (ALCAR), Coenzyme Q10
(ubiquinone), and Docosahexaenoic acid (DHA) (Scholey et al. 2011). On the other
hand, high intakes of nutrients that contribute to hypertension, atherosclerosis, and
poor glycemic control may have negative effects on cognition. Therefore the 7 worst
foods for your brain that you must avoid them to prevent cognition decline include
sugary drinks, refined carbs,1 foods high in trans fats, highly processed foods,
aspartame, alcohol, and fish high in mercury (Scholey et al. 2011; Parrott and
Greenwood 2007).

Table 10.1 demonstrates almost all of nutrients that have an effect on cognition
function include amino acids, vitamins, flavonoids, fatty acids, minerals, and even
gut hormones.

1Refined carbohydrates include sugars and highly processed grains, such as white flour.
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Table 10.1 Nutrients, their food sources, and the pathways of their effects on brain and cognitive
functions are summarized with their references

Nutrient Food sources Pathway References

Omega-3 and omega-6
fatty acids, linolenic
acid (LA, 18:2 omega-
6) found in most
plants, coconut and
palm, and α-linolenic
acid (ALA, 18:3
omega-3) in green
leafy vegetables, flax,
and walnuts

Fish (salmon, trout,
sardines, mackerel,
halibut, and herring),
oils (flaxseed oil, chia
seed oil, cod liver oil,
and krill oil), leafy
greens (brussels sprouts,
spinach, arugula, mint,
kale, and watercress),
kiwi fruit, butternuts,
walnuts

Effects on
endocannabinoid and
inflammatory pathways
in specific brain regions
Improvement of
cognitive decline in the
elderly
Promote the efficient
electrical signaling
between nerve cells

Spencer et al.
(2017) and
Gómez-
Pinilla
(2008)

Saturated fat Butter, ghee, suet, lard,
coconut oil, cottonseed
oil, palm kernel oil,
dairy products (cream,
cheese), meat

Exacerbation of
cognitive decline in
aging humans

Gómez-
Pinilla
(2008)

Curcumin Turmeric (curry spice) Antioxidant and anti-
inflammatory in people
with Alzheimer’s may
benefit memory to help
clear the amyloid
plaques and eases
depression by boosting
serotonin and dopamine
and helps new brain cells
grow by boosting brain-
derived neurotrophic
factor

Gómez-
Pinilla
(2008)

Caffeine Coffee, green tea Caffeine blocks
adenosine, a chemical
messenger that makes
you sleepy, boosts some
of neurotransmitters,
such as serotonin,
sharpened concentration
and also reduced risk of
neurological diseases,
such as Parkinson’s and
Alzheimer’s

Flavonoids/polyphenol Coffee, cocoa, green tea,
ginkgo tree, citrus fruits,
wine (higher in red
wine), dark chocolate
berries: Blueberries,
strawberries, black
berries leafy greens:
Spinach, kale, water
cress

Improvement of
cognitive function in
the elderly
Increasing the number of
connections between
neurons to disrupt the
development of
amyloid plaques
Reducing inflammation

Spencer et al.
(2017),
Gómez-
Pinilla
(2008), and
Miquel et al.
(2018)

(continued)

10 Functional Foods and Dietary Patterns for Prevention of Cognitive Decline in. . . 225



Table 10.1 (continued)

Nutrient Food sources Pathway References

Colorful fruit or
vegetable-bearing plants
Other colorful produce:
Butternut squash,
avocados, plums, and
red grapes

and oxidative stress in
the brain
Anti-inflammatory
bioactives, suppressing
the activation of
microglia through the
down-regulation of
cytokine expression and
the modulation of
signaling pathways
involved in the
resolution of
inflammation, and
indirectly synthesis of
bioactive mediators with
pro-resolutive activities
such as resolvins

B vitamins, folate,
B12, and B6

Egg, vitamin B12 is not
available from plant
products

Supplementation with
vitamin B6, vitamin
B12, or folate has
positive effects on
memory performance in
women of various ages

Gómez-
Pinilla
(2008) and
Calvaresi
and Bryan
(2001)

Vitamin D Fish liver, fatty fish,
mushrooms, fortified
products, milk, soy milk,
cereal grains

Important for preserving
cognition in the elderly

Gómez-
Pinilla
(2008)

Vitamin E Asparagus, avocado,
nuts, peanuts, olives, red
palm oil, seeds, spinach,
vegetable oils, wheat
germ

Reduces cognitive decay
in the elderly

Gómez-
Pinilla
(2008)

Combination of
vitamins (C, E,
carotene)

Vitamin C: Citrus fruits,
several plants, and
vegetables: Bell peppers,
guava, kiwi, tomatoes
and strawberries, calf
and beef liver. Vitamin
E: See above

Antioxidant vitamin
intake delays cognitive
decline in the elderly

Gómez-
Pinilla
(2008)

Choline Egg yolks, soy beef,
chicken, veal, Turkey
liver, lettuce

Uses to create
acetylcholine, a
neurotransmitter that
helps regulate mood and
memory
Evidence is for a causal
relationship between
dietary choline and
cognition in humans

Gómez-
Pinilla
(2008)

(continued)
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Table 10.1 (continued)

Nutrient Food sources Pathway References

Calcium, selenium Calcium: Milk, coral;
selenium: Nuts, cereals,
meat, fish, eggs

High serum calcium is
associated with faster
cognitive decline in the
elderly; lifelong low
selenium level is
associated with lower
cognitive function in
humans

Gómez-
Pinilla
(2008)

Zinc Oysters, a small amount
in beans, nuts, almonds,
whole grains (oatmeal,
whole-grain breads, and
brown rice), sunflower
seeds, pumpkin seeds

It is crucial for nerve
signaling
Reduction of zinc in diet
helps to reduce cognitive
decay in the elderly

Magnesium Pumpkin seeds Essential for learning
and memory

Copper Oysters, beef/lamb liver,
Brazil nuts, blackstrap
molasses, cocoa, black
pepper, pumpkin seeds

Help to control nerve
signals. Cognitive
decline in patients with
Alzheimer’s disease
correlates with low
plasma concentrations of
copper

Gómez-
Pinilla
(2008)

Iron Red meat, fish, poultry,
lentils, beans, pumpkin
seeds

Iron treatment
normalizes cognitive
function in young
women

Gómez-
Pinilla
(2008)

Phosphatidylserine Bovine and vegetarian,
soy bean

Anti-inflammatory and
antioxidant properties
Enhances both
cholinergic function and
neuroplasticity

Scholey
et al. (2011)

Tryptophan Nearly all protein-
containing foods

Influences serotonin
synthesis and releases in
the brain

Miquel et al.
(2018)

Tyrosine Protein-rich foods such
as meat, fish, dairy
products, also nuts,
seeds, beans, and be
synthesized by gut
microbiota

Precursor of the
catecholamines (e.g.,
dopamine and
noradrenaline)

Miquel et al.
(2018)

L-theanine amino acid Green tea Increase the activity of
the neurotransmitter
GABA
Increases the frequency
of alpha waves in the
brain

Taurine Semi-essential amino
acid, seafood, and meat,
available “energy”
drinks

(continued)
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Accordingly, it is increasingly thought that bioactive substances in food represent
a novel target for lifestyle interventions that may support healthy brain aging and
preserve cognitive function, especially in aging adults at risk for nutritional deficits.
Given that dietary alterations are reflected by many to be safer and more simpler
integrated into lifestyle changes than conventional pharmacotherapeutics (Phillips
2017).

Nutritional phytochemicals, which have many neurogenic properties, play a bene-
ficial role in brain aging and neurodegenerative disease. Today investigation on
nutrient compound especially herbal drugs with enhanced cognitive function
properties is growing. Some herbal drugs for cognitive enhancement included Ginkgo
biloba (Ginkgoaceae), Bacopa monnieri (Plantaginaceae), Centella asiatica
(Apiaceae), Acorus calamus (Acoraceae), Evolvulus alsinoides L. (Convolvulaceae),
Caesalpinia crista Linn. (Caesalpiniaceae), Tinospora Cordifolia (Menispermaceae),
Zingiber Officinale (Zingiberaceae), Ilex Paraguariensis (Aquifoliaceae), Huperzia
Sqururus (Lycopodiaceae), Commiphora Wightii (Burseraceae), Emblica Officinalis
(Euphorbiaceae), Salvia Lavandulaefolia (Lamiaceae), Foeniculum Vulgare
(Umbelliferae), Magnolia Officinalis (Magnoliaceae), Lepidium Meyenii
(Brassicaceae), Rosa Alba (Rosaceae), Thespesia Populnea (Malvaceae), Sesamum
Indicum (Pedaliacae), Salvia officinalis (Lamiaceae), Rosmarinus officinalis
(Lamiaceae), Apium graveolens (Apiaceae), Rosa damascena (Rosaceae), and Citrus
species (Rutaceae) (Goel and Maurya 2019; Ebrahim Esfandiary et al. 2018).

Compounds such as curcumin, resveratrol, blueberry polyphenols, sulforaphanes,
salvionic acids, PUFAs (e.g., omega-3 and DHA), the LMN diet (a patented diet by
the company La Morella Nuts enriched with polyphenols and PUFAs), and flours
rich in soluble fibers have been shown to induce neurogenesis in the adult brain.
Although the molecular mechanisms by which these compounds effect neurogenesis
have yet been established, these compounds reduce oxidative stress and neuro
inflammation, enhance cell signaling, activate autophagy, and affect growth factors.
In the following part mechanisms and pathways involved in the effects of dietary
patterns on cognitive decline in aging are described concisely by details.

Table 10.1 (continued)

Nutrient Food sources Pathway References

Vitamin K, lutein,
folate, and beta-
carotene

Kale, spinach, collards,
broccoli green, leafy
vegetables

Anti-inflammatory and
antioxidant effects

Zingiber ginkgo Antioxidants and anti-
amyloid effects

Goel and
Maurya
(2019)

Gut hormones and
some metabolites
produced by
microorganisms

Fermented foods (tofu,
tempeh, or tahoe and
other genistein-
containing foods,
fermented milk,
probiotic milks)

Several gut hormones
can enter the brain, or are
produced in the brain
itself, influence
cognitive ability

Gómez-
Pinilla
(2008) and
Sivamaruthi
et al. (2018)
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10.5 Mechanisms and Pathways Involved in the Effects
of Dietary Patterns on Cognitive Decline in Aging

Different dietary pattern found to affect cognitive function, attention, memory, and
learning via different mechanisms. However, most of the diet components are simply
known to affect cognition, while the exact mechanism is still unknown. Following
are a few examples with the plausible mechanism of action on cognitive aging.

10.5.1 High-Fat Diet

The diet or metabolic syndrome induces cognitive dysfunction via increased reactive
oxygen species (ROS) and oxidative stress. Topiramate is a mitochondrial carbonic
anhydrase (mCA) inhibitor decreases ROS and oxidative stress and thereby protects
blood–brain barrier (BBB) from developing central nervous system dysfunction.
High-fat diet (HFD) increases permeability of 14C-sucrose in mice hypothalamus,
hippocampus (HPC), and 99mTc-albumin in the whole brain. However, topiramate
attenuates absorption of both help decreasing oxidative stress by increasing expres-
sion of tight junction protein ZO-1 and claudin-12 (Salameh et al. 2019). A clinical
trial reported similar result. HFD demonstrated decline in glucose transporter-1
(GLUT1) while increase of vascular endothelial growth factor (VEGF) that may
be responsible for negatively affecting cognitive function and memory (Schuler et al.
2018).

10.5.2 Ketogenic Diet

One mechanism for cognitive decline is inability of hippocampus (HPC) and
prefrontal cortex (PFC) to metabolize glucose for energy production. However,
neuronal glycolysis may be bypass by the use of ketogenic diet (KD). Rat fed on
KD showed improved brain function by increasing monocarboxylate transporters,
i.e. MCT1 and MCT4 while decreasing GLUT1. The number of vesicular GABA
transporter (VGAT) also increased in PFC and HPC. MCT1 and MCT4 help
transport ketone bodies, while GLUT1 is responsible for transporting glucose across
BBB (Hernandez et al. 2018).

10.5.3 Bread and Rice in Breakfast

Taki et al. reported nutritional importance for brain maturation during childhood and
adolescence. Individuals with bread in breakfast showed larger regional gray and
white matter volumes. Perceptual organization index (POI) found to be higher
among individuals on rice suggesting that breakfast staple type affects cognitive
function via affecting brain gray and white matter volumes (Taki et al. 2010). Matrix
metalloproteinases (MMPs) are extracellular matrix proteins recently reported as not
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a major factor of white matter damage in individuals of vascular cognitive
impairment dementia. However, MMP-9 can interfere with learning by a mecha-
nism, i.e. yet unknown warranting future research (Raz et al. 2018).

10.5.4 Magnesium

Functional plasticity declines in aged brain. Short-term synaptic changes are depen-
dent on transmitter release and neuronal excitability, while long-term synaptic
changes are dependent on activated NMDA receptors. Magnesium (Mg2+) is
known to modulate neuronal excitability, NMDA receptor activation, and release
of transmitter. Mg2+ is thus capable of affecting long and short-term changes in
synaptic strength, neuronal plasticity, and memory. Aged animals fed on Mg2+ rich
diet demonstrated improved learning and memory by correcting and maintaining
brain Mg2+ homeostasis (Billard 2011).

10.5.5 Berberine

Berberine is an isoquinoline alkaloid helps in glucose metabolism. Berberine admin-
istration in aged rats found to improve cognitive and muscular function by decreas-
ing ROS level, increasing protein expression of adenosine monophosphate-activated
protein kinase (p-AMPK), sirtuin type 1 (SIRT1), and proliferator-activated receptor
γ coactivator 1α (PGC-1α) and ATP production (Yu et al. 2018).

10.5.6 Blueberry

Blueberry supplementation to mice fed on HFD demonstrated fewer microglia and
increased neuroplasticity in comparison to those fed on HFD alone. This suggests
blueberry protective effect against memory deficits. However, further researches are
warranted to explore the exact neuroprotective mechanism.

10.5.7 Caloric and Dietary Restriction

Caloric restriction (CR) helps in normalizing CNS function and memory. Hippo-
campal DNA of male mice fed on CR diet demonstrated age-related changes in CG
and CH hippocampal methylation suggesting neuroprotection via epigenetic mech-
anism of CR diet (Hadad et al. 2018). CR triggers the circulating factors that help to
upregulate the vascular endothelial growth factor (VEGF) signaling, increase the
proliferation of endothelial cells, and stimulate the angiogenic processes, thereby
helps promoting cardiac function and prevent vascular cognitive impairment
(Csiszar et al. 2013). Another study on CR-fed transgenic mice reported down-
regulation of miRNAs including �30e, �34a, and �181a with increased B-cell
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lymphoma-2 (Bcl-2), while decreased Bcl-2 associated X protein (Bax) expression
and Caspase cleaving. This chain of events suggesting a mechanism that contribute
to neuronal survival in CR-fed mice (Khanna et al. 2011). CR also reported to
prevent age-related reduced expression level of subunit of NMDA receptor in rats
suggesting that life-long CR may ameliorate cognitive deficits associated with aging
(Eckles-Smith et al. 2000). Insulin like growth factor-1 (IGF1), phosphatidylinositol
3-kinase (PI3K) pathway, and protein kinase B (Akt/PKB) signaling cascade are
vital for cellular and tissue function in aging process. Mice on dietary restriction
(DR) demonstrated reduced level of PI3K, pAkt, IGF1 and its receptor. Aged mice
showed down-regulated IGF1 leading to compensatory increase in Forkhead box
protein O (FoxO) activity thus suggesting neuroprotective effect of DR (Hadem and
Sharma 2017). In another animal study, ghrelin agonist used to induce hunger in the
absence of CR demonstrated prevention of AD pathology and cognitive decline by
reducing amyloid beta (Aβ) level and microglial activation (Dhurandhar et al. 2013).
Another animal study reported beneficial effects of dietary energy restriction (DER)
and exercise on behavior and brain structural plasticity via brain-derived
neurotrophic factor (BDNF) through warranting further research to explore the
exact mechanism (Rothman et al. 2012). Long-term intermittent fasting diet
(L-IFD) reported increasing NR2B subunits of NMDA receptor in mice brain that
might explain the molecular mechanism for synaptic plasticity and improved cogni-
tion (Fontan-Lozano et al. 2007).

10.5.8 Decalepis Hamiltonii

Antioxidants are rich in the root extract of Decalepis hamiltonii (Dh). Aged Dro-
sophila flies and their offspring cognitive ability impair upon declining antioxidant
enzymes. 0.1% Dh diet demonstrated increased superoxide dismutase (SOD) and
catalase activity that protected the aged flies and their offspring from cognitive aging
and memory impairment (Haddadi et al. 2013).

10.5.9 Ethanol

Both young and aged rats on ethanol (EtOH) diet demonstrated withdrawal and
anxiety-like behavior. This suggests that EtOH may lead to cognitive impairment
among both age groups (Novier et al. 2016).

10.5.10 Polyunsaturated Fatty Acids

The aged individual on nutrition rich in polyunsaturated fatty acids (PUFAs) and
vitamin E demonstrated improvement in white matter integrity and its microstructure
suggesting its beneficial role on cognition (Gu et al. 2016).
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10.5.11 Saturated Fatty Acids

Hsu et al. explained the possible mechanism of HPC dysfunction induced by the
western diet (WD). Metabolism of WD components, i.e. carbohydrates and saturated
fatty acids in small intestine increases circulating Aβ that contribute to BBB damage
via declining gene expression of occludin and claudin 5 (Hsu and Kanoski 2014).

10.5.12 Vitamin A

Retinoic acid (RA) is the active metabolite of vitamin A that protects the brain from
defective spatial memory and HPC neurogenesis. Vitamin A regulates free plasma
and HPC corticosterone (CORT) levels via modulating corticosteroid binding glob-
ulin (CBG) capacity and 11β-hydroxysteroid dehydrogenase type 1 (11βHSD1)
activity. While vitamin A deficiency increases CORT level which in turn impairs
spatial memory, HPC neurogenesis and induces anxiety-like behavior in rats
(Bonhomme et al. 2014).

10.5.13 Folic Acid

Deficiency of folic acid or vitamin B12 leads to megaloblastic anemia, depression,
dementia, and cognitive impairment. Vitamin B12 and folic acid have a vital role
during all stages of CNS development and function. They are also important for the
synthesis of DNA, nucleotides, thymidine, and purine; for genomic and nongenomic
methylation; and for tissue growth, differentiation, and repair (Reynolds 2014).

10.5.14 Vitamin K

Lifelong low vitamin K supplementation caused cognitive impairment in aged rats.
There observed a higher concentration of ceramides in HPC (P < 0.05), and lower
gangliosides in midbrain and pons-medulla (P < 0.05). This suggests the contribu-
tion of vitamin k in cognitive aging. Though the mechanism of action remains to be
elucidated requiring further research (Carrie et al. 2011).

10.5.15 Vitamin D

Vitamin D regulates proline dehydrogenase (PRODH) expression. Chromosome
22q11 linked to PRODH and also for genetic risk of schizophrenia. Vitamin D
deficiency leads to schizophrenia, i.e. treated with vitamin D supplementation.
Clelland JD et al. found that vitamin D deficiency leads to schizophrenia by
increasing proline level, due to reduced PRODH expression and dysregulated
neurotransmission (Clelland et al. 2014).
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10.5.16 Vitamin E

Peroxiredoxin II (PrxII) prevents age-related mitochondrial decay in HPC CA1
pyramidal neurons by scavenging intracellular ROS. Dietary vitamin E prevents
PrxII deficiency, thereby prevent mitochondrial decay, oxidative damage, and cog-
nitive decline (Kim et al. 2011).

10.5.17 Dietary Inflammatory Index

Inflammatory potential of diet can be determined by using the dietary inflammatory
index (DII). Cognitive performance of French adults of middle age has been studied
for 13 years. There observed an inverse relationship between DII and overall
cognitive function. The study reported that the proinflammatory diet during middle
age may lower cognitive functioning later in life, while diet with anti-inflammatory
properties maintains cognitive health with increasing age (Kesse-Guyot et al. 2017).

10.5.18 Tryptophan Diet

Tryptophan (TrP) diet improves memory with aging by inducing hyperserotonemia.
Aged rat fed on a diet rich in TrP for a month showed increased expression of BDNF
and 5-HT level in frontal cortex (FC) and HPC. This suggests a protective effect of
TrP on the serotonergic system thereby improving memory with aging (Musumeci
et al. 2015).

10.5.19 Others

Flavanols of cocoa extracts know to promote healthy brain aging (Dubner et al.
2015). Neuroprotective effect of anthocyanins has been reported in pigs that were
fed with 2% whole freeze-dried, powdered blueberry in the diet for 8 weeks.
Neuroprotection may be due to modulation of signal transduction, gene expression
rather than direct antioxidant radical quenching. However, requiring further research
to explore the exact mechanism (Milbury and Kalt 2010). Anthocyanin-rich mul-
berry demonstrated antioxidant and improved cognition in senescence-accelerated
mice (SAMP). Brain and liver reported higher antioxidant enzyme activity and lower
lipid oxidation level supporting memory improvement in aging animals (Shih et al.
2010). Apple juice being rich in antioxidants maintains adequate acetylcholine levels
in frontal cortex and hippocampus of mice and can prevent cognitive aging (Chan
et al. 2006). Another study reported alleviation of a compensatory increase in
glutathione synthase transcription activity and its antioxidant potential to prevent
neurodegeneration (Tchantchou et al. 2004). Ginkgo biloba leaves extract reported
to act as cognitive enhancer among aged mice. Synaptic plasticity and improved
cognition, spatial learning and memory were observed (Wang et al. 2006). Another
study reported synaptic plasticity and excitability in HPC slices of aged mice that
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may be due to direct interaction with the glutamatergic system, suggesting its effect
on the cognitive system (Williams et al. 2004). Iodine deficiency and hypothyroid-
ism decrease c-fos and c-jun protein expression in rat HPC. Cognitive function,
learning, attention, and memory need healthy thyroid hormone secretion, while
iodine deficiency impairs cognition (Dong et al. 2005). Some of diet, foods, and
nutrients affecting cognition and their possible pathways are illustrated in Fig. 10.2,
as it shows that many different mechanisms are involved and each diet or nutrient
can affect cognition by more than one mechanism.
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Mediterranean Diet for Active and Healthy
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Abstract

The significant rise in burden of age-related chronic degenerative disorders is
increasing the need for products that support active and healthy aging. Today’s
sedentary lifestyle enhances the propensity to aging related diseases and prema-
ture death. Accumulating data establishes a beneficial relationship between food
and health. The modern consumer has become aware of the valuable impact of
Mediterranean diet (MD) on healthy aging. MD is largely plant based and rich in
sources of unsaturated fatty acids like nuts and extra virgin olive oil, legumes,
whole grains, fish, and fresh vegetables and fruits and it discourages the use of red
and processed meat, added sugars as well as refined grains, has been associated
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with decreased risk of developing various chronic degenerative age-related
disorders and increased life expectancy. With the advent of modern medicine
and technological advancements the life expectancy has increased in the past few
decades but the gap between the healthy life years and the extra years added to the
life still remains there. Aging is a process that increases the vulnerability of an
organism to challenges. During this process the oxidative stress leads towards
various degenerative cascades that result in functional decline in aging population
that is mainly associated with under nutrition in older people. Cognitive function
declines, reduced mobility and sensory alterations are seen, oral and GI functions
and health become compromised, and chronic diseases and age-related illness
like osteoarthritis, diabetes type II, cardiovascular diseases, and certain types of
cancer are also exhibited. The active and healthy aging is a prerequisite in order to
enhance the quality of life as people age. The MD has proven to be the best tool to
counteract the degenerative processes and promote an active healthy aging. Major
effectors of MD are reduced caloric intake, decreased consumption of saturated
fatty acids, microbiota derived metabolites, less amino acid utilization, and an
increase in phytochemical consumption. MD protects against oxidative damage,
injury, and inflammation and platelet aggregation, lowers lipid levels, modifies
the hormones as well as growth factors that are involved in cancer pathogenesis,
and inhibits the nutrient sensing pathway via restriction of specific amino acid as
well as produces certain metabolites by gut microbiota and it influences the
metabolic health. Thus, the molecular and metabolic health is chiefly associated
with what we eat. Restriction of the calories can enhance the life span as well as
the health span only if it is coupled with sufficient intake of all the essential
nutrients and the micronutrients.

Keywords

Mediterranean diet · Nutraceuticals · Healthy aging · Nutrition

11.1 Introduction

The valuable impact of a healthy diet on human physiology remained greatly
underappreciated for a long time but now the consumers have become more aware
of the beneficial relationship between the food and health. Nearly every degenerative
disorder can be influenced by dietary interventions. With respect to aging, the
accumulating evidence suggests that quality of life can be improved by modulating
the extrinsic factors that affect many aging processes. Nutrition is one of these
modifiable factors and it appears to be one of the strongest components that influence
the rate of aging as well as the prevalence of age associated disorders like athero-
sclerosis and neurodegenerative diseases (Battino and Ferreiro 2004).

Consumption of Mediterranean diet (MD) that is rich in minimally processed
plant food has been strongly associated with decreased risk of developing various
chronic diseases and enhance healthy life expectancy. Data from considerable
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randomized clinical trials have exhibited beneficial effects in primary and secondary
avoidance of type II diabetes, cardiovascular disease, breast cancer, and atrial
fibrillation. The mechanism through which adherence to the traditional MD exerts
its beneficial effect is not fully known. However, growing evidence illustrates that
the MD induces the most important adaptations like protecting against oxidative
stress and inflammation, lowering lipid levels, modifying hormones and growth
factors involved in cancer pathogenesis, gut microbiota mediated production of
metabolites that influence the metabolic health, and restriction of specific amino
acids to inhibit the nutrient sending pathways (Tosti et al. 2017). More research
studies now support that a single modification of nutrients of the typical MD
interacts with energy intake and expenditure as well as the microbiome in order to
modulate the key mechanisms that improve cellular, tissue, and organ health during
the process of aging. Thus, nutrition is the basic element for the promotion of health
and avoidance of the most common age-related chronic diseases. Both the quality
and quantity of whatever we eat are crucial to improve metabolic and molecular
health. Restriction of the calories can enhance the life span as well as the health span
only if it is coupled with sufficient intake of all the essential nutrients and the
micronutrients (Longo and Fontana 2010).

11.2 The MD—Pyramid and Description

Originally the conventional dietary pattern in the Mediterranean region was termed
as Mediterranean diet. Historically a great abundance and diversification of mini-
mally processed whole grain cereals, non-starchy vegetables, nuts, legumes, and
seeds were the staple foods in majority of the countries bordering Mediterranean
Sea. Fish, milk, cheese, meat, eggs, and milk were luxurious foods. In Southern Italy
till 1950s a very little meat was consumed and milk was only used in coffee or for
infants. White potatoes and sugar were only eaten in very small quantities and cream
or butter was never used (Vasto et al. 2014a). The principal source of fat was the cold
pressed extra virgin olive oil. Since 1950s the original composition of MD has
changed completely and the quantity and quality of the food that people in Italy,
Greece, and Spain consume nowadays have little to do with conventional Mediter-
ranean diet. The incidence of certain cancers and coronary heart disease has elevated
substantially in these countries. Possibly, other lifestyle factors like excessive calorie
intake, pollution, sedentary lifestyle, and psychological stress might have added to
the enhanced occurrence of chronic degenerative diseases. However, compiling data
from consolidated epidemiological, animal studies, human clinical trials, and molec-
ular research indicates that diet is a key factor in the avoidance of obesity, cardio-
vascular diseases, some common cancers, and type II diabetes (Tosti et al. 2017;
Longo and Fontana 2010; Vasto et al. 2014a).

Therefore, during 1960s Ancel Keys first time defined the MD being low in
saturated fats and high in the vegetable oils. This definition was based on his
observation of dietary patterns of Greece and Southern Italy in the previous decades.
This dietary pattern, in the seven-country study, was correlated with decreased risk
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of degenerative disorders and coronary heart disease as compared to the USA and
European countries after a follow-up of 25 years (Davis et al. 2015). Over the past
various decades the study of MD has progressed so much that the original definition
given by Keys has grown and altered in several aspects. There are several ways to
define this dietary pattern that includes a priori scoring system, food and nutrient
content, dietary pyramids, general descriptions, and a posteriori dietary pattern
formation. Out of all these systems a priori scoring system has gained most popular-
ity in the past decade as it simplifies the analysis of adherence to diet with respect to
the primary outcomes. Several food groups are made containing separated dietary
intakes related to health outcomes and points are given for more intake of health
promoting foods and lower intake of health harming food and a single adherence
score is calculated. However, various priori MD scores with different scoring criteria
are available these days (Vasto et al. 2012a) (Fig. 11.1).

Everyday routine main meals must contain three essential elements: vegetables,
fruits, and whole grain cereals. A daily intake of 1.5 L of water should be insured.
Half glass of red wine daily adds further nutrition to the daily diet. Dairy products
must be favored in the form of cheese, low fat yogurt, and other fermented ones.
Olive oil is preferred to be the principal source of dietary lipids and it is placed in the
middle of the pyramid. A reasonable utilization of seeds, nuts, and olives should be
selected for healthier snacks. Moreover, a variety of animal and plant origin foods
like legumes, white meat, fish, and eggs must be consumed every week. The red

Fig. 11.1 Pyramid representation of Mediterranean diet adapted from Vasto et al. (2014a)

242 N. Noreen et al.



meat should be utilized in less quantity and in smaller frequency. The foods that
should be consumed in small amounts and occasionally are represented at the top of
the pyramid. These include candies, pastries, sugar, and beverages such as soft
drinks and sweet fruit juices. However, the portion size of the diet must base on
moderation in order to embrace a healthier life style. So, the bottom of the pyramid
represents the foods that must sustain the routine diet and the top and upper levels
represent the foods that must be consumed in moderate quantity (Vasto et al. 2012b,
2014b).

11.3 Longevity and the Gap Between Life Expectancy
and Healthy Life Years

Though it seems a good thing to live longer, and definitely the modern technological
advances, healthcare and medicines have enabled humans to do so, yet what seems
not so good about this is the gap between the life expectancy and the healthy life
years. In 2009 the mean life expectancy in Europe at birth was 82.6 years for women
and 76.7 years for men. The healthy life years were 62.5 years and 61.6 years,
respectively. This implies that the people born in 2009 are expected to live fine in
their 70s and 80s but they will probably be ill and/or having some disability during
the last 15–20 years of their life (Rechel et al. 2013).

Moreover, if the life expectancy continues to increase as predicted but there is no
rise in the healthy life years at the same rate, then the duration of life that will be
spent in ill health will be even more in the near future. This will not only affect an
individual’s quality of life and his/her family but it will also put a lot of pressure on
healthcare services and public health, consequently there will be substantial eco-
nomic and social impact on the society. Thus, it is imperative to make appropriate
strategies in order to help the population in healthy aging. United multilevel efforts
are needed at the community and national level. From the individual’s viewpoint the
absolute beneficial investment that one can make is in one’s own health. Appropriate
life style including physical activities and proper nutrition is the primary step in
avoidance of chronic degenerative diseases and disability in the old age (Mak and
Caldeira 2014).

11.4 Aging—Increases the Vulnerability of an Organism
to Challenges

Aging is defined as decreased performance, lack of fitness with advancing age, and
finding difficulty in adapting to the new environmental conditions. Aging is not
actually a programmed pathway but it is a stochastic procedure that results from
accretion of somatic damage along with a gradual loss of molecular fidelity. Thus,
aging is natural and multi-factorial procedure that takes place at cellular, organ as
well as organism level and it affects almost all the living things. It was believed that
aging is programmed in living beings as some kind of biological clock but that
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perspective is almost changed now. According to the most common and accepted
definition aging is a process that enhances the vulnerability of any organism to
challenges during the lifespan and it grows the potential for death (Battino and
Ferreiro 2004; Tosti et al. 2017; Longo and Fontana 2010; Vasto et al. 2007,
2012a, b, 2014a, b; Davis et al. 2015; Rechel et al. 2013; Mak and Caldeira 2014).
As the scientists are of the opinion that aging is a result of increasing cell and tissue
damage in the bodies of living organisms and some of these microscopic flaws
always impair normal functioning and can lead to diseases. If scientists can figure
out cell aging and find out ways of decreasing the growing cell damage or they are
able to improve the effectiveness of natural repair systems of the body, then it is
possible to delay the onset of diseases and to improve the quality of old age. The rate
of aging of all the organisms is influenced by both extrinsic as well as intrinsic
factors like genetic makeup, their lifestyles, and environment (Kirkwood 2008).
Growing evidence indicates that the quality of life can be improved by modulating
the extrinsic factors which influence several aging processes. The intrinsic factors,
on the other hand, are pre-determined and various efforts of genetic manipulation
have not yet influenced the aging rate. Thus, environmental factors and lifestyle
changes can interfere in aging process and might alter the sensitivity of organisms to
age associated degenerative diseases. From environmental factors nutrition is one of
the most important factors that can influence the rate of aging and can decrease the
possibility of age associated diseases like neurodegenerative diseases and athero-
sclerosis. During aging process the damage is a fact of life because of relative lack of
repair maintenance systems like oxidative stress and inflammation control (Battino
and Ferreiro 2004; Tosti et al. 2017; Longo and Fontana 2010; Vasto et al. 2007,
2012a, b, 2014a, b; Davis et al. 2015; Rechel et al. 2013; Mak and Caldeira 2014;
Kirkwood 2008; López-Otín et al. 2013).

11.4.1 Oxidative Stress Theory of Aging

The oxidative stress theory of aging was outlined by Harman (1956). According to
which various biological oxidants that arise from external environment or are
produced endogenously are one of the major factors that are responsible for
accumulated damage that leads to aging. Most of the cellular damage happens as a
byproduct of normal living. The oxygen that we breathe produces highly reactive
molecules termed as free radicals that can cause damage to cell structures (Harraan
1956; Battino et al. 2002a). Normal reaction of reduction and oxidation continuously
produces free radicals in trace amounts. These are highly unstable compounds
containing one or more unpaired electrons in the outer shell and can react with any
susceptible compound nearby like lipids, carbohydrates, proteins, or DNA. Though
these free radicals last only for milliseconds yet they can begin a chain reaction that
results in oxidation of hundred thousands of particles over an enormous distance as
the transfer of unpaired electron from one molecule to another takes place in a game
of “hot potato” (Harraan 1956; Battino et al. 2002a; Gaziano 2000). Antioxidants
against the free radicals are an excellent natural defense mechanism of the body.
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They minimize the un-intended production of free radicals. Antioxidants can act at
various stages and at different cell sites during the damage cascade caused due to the
free radicals. They can inhibit the production of free radicals, can neutralize their
effect, and can also repair the damage caused by them (Niki 1996). There is a balance
in oxidant attack and antioxidant action but the defense mechanism is inevitably less
than perfect and the damage produced by free radicals accumulates gradually. It is
suggested that this oxidant-antioxidant imbalance is the main cause of aging in itself.
Thus, aging process is simply termed as the sum of random alteration caused by free
radical reactions (Harman 1992).

11.4.2 Degenerative Processes

All the cellular structures are considered to be the target of the actions of free
radicals. Nonetheless, all the cell membranes like plasma membranes and all other
organelle membranes bear the most amount of oxidative insult. This occurs princi-
pally in the hydrophobic core of membrane that is composed chiefly of fatty acids.
Therefore, the fatty acid portion is most susceptible to oxidative damage. The attack
by free radicals causes serious alterations in the membranes that affect both their
molecular structure and function. The activities of mitochondria mainly depend on
the complete integrity of its inner membrane and they are exceptionally susceptible
to any nutritional, environmental, physiological, or pharmacological stimulus. Brain
mitochondria are presumably the best system to study degenerative process causing
aging. Accumulated evidence in the last decade indicates that aging affects the brain
mitochondria to various extents depending upon the region of brain and the cellular
district (Battino et al. 1991, 1995, 1996, 2000, 2002b). This phenomenon is espe-
cially visible at synaptic level and it makes possible to study some specific popula-
tion of aged mitochondria. Their normal activities are extremely impaired like
Kreb’s cycle alteration (decrease in matrix activities) takes place, slow working of
electron transport chain, and the trans-membrane systems are also affected as their
ability to regulate the traffic of various substances across the inner membrane gets
affected. Consequently, the continuous leakage of electrons along with the formation
of free radicals and partial uncoupling of organelles that cannot produce enough
ATP occurs in a vicious, continuous, and lethal circle. The membrane structure loses
most of its antioxidants like co-enzyme Q and Vitamin-E. Finally, the typical shape
of membranes is also altered. Thus, the degeneration process greatly alters the
classified aspects of the cell membranes (Yehuda et al. 1997, 1998, 1999, 2000).
Therefore, the treatments based on fatty acid administration can help in improving
biochemical and cognitive functions. Solfrizzi et al. evaluated the correlation of
intake of dietary macronutrients and age-related alterations in cognition in the
elderly population of Italy who was consuming typical Mediterranean diet. They
established that enhanced intake of mono unsaturated fatty acids appeared to be
more protective in case of age-related cognitive function decline (Solfrizzi et al.
1999).
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11.4.3 Functional Deterioration in Aging Associated with Under
Nutrition

In older people under nutrition is a common problem that results due to the decreased
intake of nutrients and impaired metabolism. It is correlated with a variety of
age-related complications, disorders, and mortality even in developed countries.
Functional alterations due to aging can greatly influence food consumption and the
extent of under nutrition in older population (Bousquet et al. 2016). Gradual drop of
physical capability like mobility and movement, alterations in physiological func-
tioning in the aging body, chronic disease, and some other age-related disorders can
cause change in choice of food, eating habits, and dietary consumption that can
result in the increased risk of malnutrition. The comorbidities and functional decline
being a major cause of under nutrition result in chronic nutrient deficiency that can
further aggravate the age-related conditions (Bousquet et al. 2016; Schilp et al.
2011).

11.4.4 Cognitive Function Decline

Aging causes dementia, a disease characterized by progressive decline in intellect
that affects memory, learning, language, judgment, thinking, comprehension as well
as behavior changes and decreased capability to perform routine activities like
cooking, working, and shopping. The risk of dementia development doubles every
5 years after age of 65 years (Batsch and Mittelman 2012; Prince and Jackson 2009).
The most common type of dementia is Alzheimer’s disease that affects one in four
people aged more than 85 years (Batsch and Mittelman 2012). Moreover, cerebro-
vascular disorders and diet-related diseases like hypertension, obesity, elevated lipid
levels, smoking, and diabetes have been exhibited to enhance the risk of Alzheimer’s
disease (Cardoso et al. 2013). It is suggested that people having dementia or
Alzheimer’s disease may forget to drink or eat or they can forget about their meals
they have already taken (Shatenstein and Ferland 2000). These behaviors are
different at different stages of dementia like at middle stages the patients show
excessive hunger, while in later stages, where they have limited activity or are totally
dependent, difficulty in eating and drinking is seen. So, due to the aging the
cognitive functions are greatly declined and there is most likeliness to become
undernourished (Hsiao et al. 2013).

11.4.5 Reduced Mobility and Sensory Alterations

Decreased mobility is a universal concern in aged people. Mobility is one’s ability to
move independently, carefully, and safely from one place to another place. It is
seriously influenced by advancement of some chronic conditions like physical
injuries (e.g., fractures from falling) and obesity as well as physiological alterations
over time chiefly in the neurological, cardio respiratory, and musculoskeletal
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systems which lead to limited movement. Sarcopenia that is characterized by loss of
muscle mass and strength is a common multi-factorial condition in aged people and
it has a main role in pathogenesis of functional impairment and weakness
(Rantakokko et al. 2013; Morley et al. 2001). Skeletal muscle mass reaches its
peak in early mid-adulthood and after that it starts declining at a rate of 0.5–1%
every year. It influences around 30% of adults of over age 60 years and more than
50% of over age 80 years. Other such disorders like osteoporosis, osteoarthritis, and
rheumatoid arthritis are known to be the major reason for functional limitations and
pain in joints and bones in older people, more commonly in women (Paddon-Jones
et al. 2008). Limited movement and decline mobility are more likely to seriously
affect the accessibility to food like meal preparations, food shopping and resultantly
the consumption of food is reduced (Woolf and Pfleger 2003). Similarly the senses
of taste and smell decline as people age. Due to the gradual decrease in number of
olfactory fibers and receptors in olfactory bulb and also the increased occurrence of
receptor cell death the olfactory functions deteriorate (Boyce and Shone 2006). The
taste cell membrane physiology also changes over time and the functions of ion
channels and receptors become compromised. Medication use can also affect sensi-
tivity of taste as it is an established fact that deficiency of zinc can impact acuity of
taste (Roberts and Rosenberg 2006). When the senses are curbed it becomes hard to
recognize and detect certain flavors and tastes like sugar and salt. So, the eating
experience turns into a less enjoyable action and sense of thirst becomes less acute.
The interest in food and the motivation to eat also decline (Stewart-Knox et al.
2008). Finally, the sensory alterations in older ones affect dietary habits like adding
extra sugar and salt to beverages and foods in order to enhance the flavor as well it
alters the variety, quality, and quantity of foods they consume (Ahmed and Haboubi
2010). Thus, it increases the risk of under nutrition in older people that leads to the
development of chronic conditions like hypertension and diabetes type
II. Prevalence of eye disorders like diabetic retinopathy, age-related macular degen-
eration, glaucoma, and cataract are higher in older people. In the UK the age-related
macular degeneration is a cause of blindness in around 42% of people of age
65–74 years. Poor vision in older adults affects their overall life quality because
they are more dependent on taking care of their daily needs like food shopping and
meal preparations (Rasmussen and Johnson 2013; Coleman et al. 2008).

11.4.6 Oral and Gastro-Intestinal (GI) Functions and Health

Oral health is the most important determinant of consumption of food. The physio-
logical changes in the oral cavity take place with aging and older people commonly
experience difficulties like dry mouth due to decreased salivary secretion and flow,
declined elasticity of connective tissue and muscles of oral cavity, and also the loss
of teeth. These issues cause difficulty in swallowing and chewing (Sura et al. 2012;
Petersen and Yamamoto 2005). Resultantly, older adults avoid such foods that are
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difficult to chew like vegetables and fruits and they also change the ways in which
they cook their food such as vegetables might be overcooked to compensate for
difficulty in swallowing and chewing. Thus, they compromise their consumption of
essential nutrients like vitamins and dietary fibers (Walls et al. 2000). Similarly, the
physiological changes take place in gastro-intestinal tract with aging and it has direct
influence on functions of gut like appetite and satiety regulation. The decreased food
intake and reduced appetite on older people are termed as anorexia of aging. They eat
more slowly, often consume smaller meals and less snacks as compared to younger
people (Moss et al. 2012). Appetite is mainly regulated by the hormones in the guts.
These hormones are released in response to some nutritional stimuli. Evidence
supports that with increasing age the release of these hormones is changed that
leads to suppression of hunger as well as feeling of satiety. Moreover, physiological
changes in the stomach are also observed during the aging process. Delayed gastric
emptying emphasizes the feeling of fullness (satiation) as well as early satiety in
older adults (Britton and McLaughlin 2013). Alteration in colon also influences the
wish to eat like the decrease in colon neurons causes reduction of neural transmitters
that affect the propulsive and peristaltic activities of colon and increase bowel transit
time (Winge et al. 2003). This results in constipation that is commonly observed
complaint in older people and this abdominal discomfort changes their appetite
(Franceschi et al. 2009). The physiological changes along with lifestyle factors
like diet, smoking, and medication lead to pathological consequences in upper
gastrointestinal tract. These include peptic ulcer, gastric cancer, and gastroesopha-
geal reflux disease in old people. Such disorders influence food consumption and
result in weight loss, anorexia, vomiting, anemia, and dysphagia that increase in
severity with increasing age (Woodmansey 2007).

11.4.7 Chronic Diseases and Age-Related Illness

Old people having chronic conditions like infections, diseases, and other disabilities
that need long-term medical care are at a risk of developing under nutrition. In
addition to this the side effects of medications like loss of appetite, vomiting,
anorexia, malabsorption of nutrients, nausea, diarrhea and delayed gastric emptying,
and also the hospitalization are some other major causes that cause undernutrition in
older people (Hickson 2006).

11.5 Active and Healthy Aging: Enhancing the Quality of Life
as People Age

Healthy aging is all about enabling old people to enjoy good quality of life. Regular
physical activity and healthy diet makes longevity possible with reduced levels of
morbidity and less years of disability with a high quality of life (Meslé and Vallin
2011; Masi et al. 2011). Thus, healthy aging is defined as the optimization of equal
opportunities for health in order to enable old people to partake actively and
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independently in the society (Schöllgen et al. 2010). The earlier the adoption of good
dietary habits that affect the health outcomes, the greater the benefit in the old age.
The promotion of health has an important role in assuring the healthy aging. Good
nutrition along with physical activity is the basic component of aging well.
Nutritional habits must be modified after 50 years of age because the caloric needs
of the body reduce (depends on activity level) with aging, while nutritional needs of
body increase as there are a lot of physiological changes taking place (Pruchno et al.
2010; Nosikov and Gudex 2003). One example is osteoporosis that is much more
pronounced in old women than in the men. Further, evidence advocates that the
osteoporosis onset can be halted or even averted for women if they employ a variety
of preventive actions during the course of life such as consumption of balanced
diet along with some exercise and not smoking (Baert et al. 2015). It has been said
that frequent physical activity is the best preventive medicine for older age. All the
adults need minimum 30 minutes regular physical activity on most days of week in
order to stay healthy. It benefits both mental and physical health and reduces the risk
of disorders related to inactivity like type II diabetes and heart diseases (Verschuuren
et al. 2013; Van Buuren and Tennant 2004). Hippocrates said, “Let food be your
medicine and medicine be your food.” It proves that nutrition and diet have been
used to keep people healthy ever since. His statement reflects that nutraceuticals are
the substances that are a food or a part of a food providing medical and health
benefits as well as the prevention and treatment of various age-related diseases. In a
recent heart study it has been reported that levels of serum cholesterol, glucose
intolerance, sex, educations status, systolic blood pressure, and dietary habits are the
most important and predictive factors for survival and morbidity free survival up to
the age of 85 years (Statistical Office of the European Communities 2003; Bogers
et al. 2005).

11.6 Role of Med Diet in Active and Healthy Aging

The MD that is rich in unsaturated fatty acids like nuts and olive oil emphasizes the
use of whole grains, fish, fresh fruits, vegetables, legumes and limits the use of red
and processes meat, added sugar and refined grains which is the healthiest eating
pattern. Nutrition science has proven that this eating pattern is best for the active and
healthy aging (Tosti et al. 2017; Longo and Fontana 2010). The water,
macronutrients like proteins, carbohydrates, and lipids, and micronutrients like
vitamins enable the body to counter degenerative processes associated with the
aging.

11.6.1 Energy Requirements During Aging

Due to decreasing total energy expenditure (TEE) from the age of 50 years the
energy requirements start declining gradually. TEE is measured by two major
factors: first one is the basal metabolic rate and the second is physical activity
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level (United Nations University, World Health Organization 2004). Basal meta-
bolic rate is the internal energy requirement of body for normal physiological
functioning when a person is at rest and the physical activity level refers to the
extra energy requirement of body when doing extra things like exercising. Basal
metabolic rate reduces with age because of alterations in body composition like
decreased lean body mass chiefly in muscles and increased body fat mass (Phillips
2003). As muscles are metabolically more active than that of fats, the old people
require fewer calories at rest as compared to their young counterparts. Various
studies have proposed that with every decade of life the basal metabolic rate of an
individual having normal body mass index reduces by 2% in women and 2.9% in
men (Milne et al. 2009). In addition physical activity level also declines with aging.
This is because the old people are physically less active than young people for
reasons like reduced mobility and frailty. It is essential that old people get enough
energy from the routine diet to avoid under nutrition and other conditions such as
impaired immune response, delayed wound healing, greater length of hospital stay,
impaired respiratory and muscle functions, longer rehabilitation, and increased
mortality (EFSA Panel on Dietetic Products Nutrition and Allergies (NDA) 2013).
Calorie restriction is termed as the decrease in energy consumption without
compromising intake of other key nutrients or malnutrition. It has been suggested
to enhance healthy life years in a wide range of organisms like rats, yeast, worms,
monkeys, and flies. It also protected them against age-related diseases and functional
decline. There is evidence that calorie restriction might reduce risk factors for
cardiovascular diseases, diabetes, and cancer (Fontana et al. 2010).

11.6.2 Daily Water Intake

Adequate consumption of water is the key factor to avoid certain chronic conditions
as well as to fight infections in old people. Water is fundamental to perform normal
body functions like absorption of nutrients, distribution, thermoregulation, and
excretion of waste. Dehydration is the most common cause of mortality and morbid-
ity in older people (Manz and Wentz 2005; Ferry 2005). Research studies have
exhibited that even moderate dehydration might cause adverse effects on recurrence
of urinary stone and bronchial, pulmonary, and renal diseases. Dehydration is very
common in older people but it is often overlooked. As old people become less
sensitive to thirst and they have declined food consumption, as vegetables and fruits
intake contributes a great proportion of daily water consumption, it is recommended
for them to drink 1.5 L of water per day (Bouby and Fernandes 2003; Chidester and
Spangler 1997). They should be offered small amount of liquid and water at equal
intervals throughout the day and they must not take large amounts of liquids/fluids at
once (Schols et al. 2009).
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11.6.3 Proteins: Building Blocks of Muscle Fibers and Bones

In order to maintain a lean body mass and to slow down or avoid musculoskeletal
conditions like osteoporosis and sarcopenia the sufficient utilization of proteins is
very important (Gaffney-Stomberg et al. 2009). Proteins that are made up of amino
acids are one of the major building blocks of bones and muscle fibers. Studies have
proposed that eating moderate to large amount of amino acids can develop muscle
proteins synthesis in young as well as old healthy subjects. However, the response of
skeletal muscles to proteins becomes less efficient with increasing age, particularly
when there is a very low level of ingested essential amino acids. Older people require
more intakes of essential amino acids to have the same extent of stimulation for
muscle proteins synthesis as in their young counterparts (Paddon-Jones and
Rasmussen 2009). Various research studies have evaluated the effect of supplemen-
tation of leucine (an essential amino acid that plays a significant role in stimulation of
insulin secretion and synthesis of muscle protein) on the prevention of sarcopenia in
old adults. As it is suggested that protein metabolism becomes less efficient with
increase in age that is why the old people are recommended to increase their protein
consumption to prevent muscle loss and avoid malnutrition. A study estimated the
effect of protein and energy supplementation in older people who were at risk of
malnutrition. They did it in 62 clinical trials and the results exhibited that supple-
mentation produced a small weight gain (2.2%) in old people in 42 trials. In a small
sample of old people who were already malnourished the rate of mortality was
decreased when they were supplemented with protein and energy. Still, there is a
continuous debate about protein consumption and recommended amounts for old
people. A study in 2013 reviewed the dietary protein requirements in old people and
recommended average daily consumption of 1–2 g/kg/day for people of 65 years and
above (EFSA Panel on Dietetic Products Nutrition and Allergies (NDA) 2012; Bauer
et al. 2013).

11.6.4 Fats: Energy Dense Nutrients

A major component of the MD and it is most energy dense nutrient as it consists of
most calories per gram (Maclean et al. 2003). It is the most important major energy
source as it facilitates the absorption process of vitamin A, E, K, and D and it also has
vital regulatory and structural functions in the body. However, overconsumption of
fats can result in excessive total energy utilization because its energy density is very
high. This can promote obesity and overweight. In addition, the intake of trans fatty
acids is being related to adverse effects on cardio vascular health (Swinburn et al.
2004). On the contrary, the poly and mono unsaturated fatty acids are proposed to
exert beneficial effect on human metabolic health like enhancing insulin sensitivity
and improving cardiovascular conditions. Though, the present evidence is more in
the favor of poly unsaturated fatty acids than mono unsaturated fatty acids (Brouwer
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et al. 2013). Lately, the long chain omega 3 fatty acids have been suggested to have
protective effect on brain health via decreasing oxidative stress and inflammation.
Thus, they have implications on brain functioning in aging population. Still the data
comes chiefly from longitudinal and cross-sectional observations that describe some
promising effects of fatty acids on cognitive functioning in healthy old people
(Brouwer et al. 2013; Mori 2014). On review found that out of 26 studies of different
study designs 19 studies recognized a positive correlation between consumption of
fish or intake of n-3 fatty acid and cognitive status, while other studies established
either little or no such beneficial effects. Long chain n-3 fatty acids have also been
suggested to have other health promoting characteristics in normal aging process
such as immune function as well as bone and muscle health (Brouwer et al. 2013;
Mori 2014; Schwingshackl and Hoffmann 2012). Various clinical trials have
established that even a low dose of n-3 fatty acid supplement can enhance immune
response in old people (Wallin et al. 2012). A systemic review of 23 clinical studies
proved a modest but fairly persistent benefit of fish oil that contains n-3 poly
unsaturated fatty acid on inflamed joints and pain in case of rheumatoid arthritis.
Further, it exhibited a decreased duration of stiffness in morning as well as
improvements in other disease indicators were observed (Nettleton and Katz 2005;
van de Rest et al. 2012). According to a very few studies protective effect of n-3 fatty
acids on musculoskeletal health has been observed. Currently, no specific
recommendations are available for dietary fat intake in older people (Ubeda et al.
2012; Dangour et al. 2012). For European adults, EFSA has suggested a reference
consumption range of 20–35% of daily total energy from fat source. For saturated
and trans fatty acids the consumption should be as low as possible within the context
of a nutritionally adequate diet (Sydenham et al. 2012; Miles and Calder 2012; EFSA
Panel on Dietetic Products Nutrition and Allergies (NDA) 2010).

11.6.5 Carbohydrates

Very little is known about the role of carbohydrates in active and healthy aging.
Though, glucose is a significant energy source for brain yet a Cochrane review in
2011 concluded that the evidence is insufficient about the carbohydrate use for
improving the cognitive performance in older people with normal or having mild
cognitive impairment, because of limited study in this area (Ooi et al. 2011). On the
contrary, evidence from some observational studies links diabetes with cognitive
function decline consisting executive functions and memory, especially in old
(65 years and above) diabetic patients who exhibited cognitive decrements and
lower score in cognitive tests as compared to the younger patients (Exalto et al.
2012; McCrimmon et al. 2012; Pasquier et al. 2006). However, some studies suggest
that blood pressure control may help in preventing cognitive function decline
(Messier 2005).
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11.6.6 Micronutrients

Old people are especially susceptible to micronutrient deficiencies because of
decreased consumption of foods rich in vitamins and minerals. The pervasiveness
of under nutrition and deficiency is highest among the women, very old and those
people who are in care institutions. Micronutrients are a key to maintain a normal
physiological and cognitive functioning in the aging body and insufficient consump-
tion in return will lead to deterioration of health and will promote development of
certain disorders (Arvanitakis et al. 2009, 2013). There has been an increasing
interest in supplementing vitamin B6, B12, and folic acid in a large number of
age-related vascular diseases because these vitamins have an important role in
metabolism of an amino acid (homocysteine) (Feng et al. 2006). At high levels the
homocysteine is thought to be an independent risk factor for various vascular
diseases. Previous studies on status of vitamin B and cognition function suggested
that old people having higher levels of homocysteine tend to have low status of
vitamin B as well as low scores on cognitive tests. They also exhibited high risk of
certain vascular diseases like Alzheimer’s disease and dementia as compared to
those people who had normal status of vitamin B (Seshadri et al. 2002; Miller 2003;
Ravaglia et al. 2005; Kado et al. 2005). This observation provoked the theory that
sufficient consumption of these vitamins can decrease the levels of homocysteine
that can result in prevention of the diseases. A review on the estimation of effects of
vitamin B6 supplementation on cognition found only two relevant trials in healthy
old people. One study stated there is no significant effect of supplementation on
cognition or mood in old women, while the other study said that there was a modest
but significant effect on long-term memory in old men by vitamin B6 (Bryan et al.
2002; Deijen et al. 1992). Another review investigated the effect of vitamin B6
supplementation in preventing cardiovascular disease recurrence in some clinical
trials. The overall results failed to exhibit positive influence in spite of the relative
consistent relation between low status of vitamin B6 and incidence of cardio
vascular disease in epidemiological studies (Lotto et al. 2011). Previous studies on
vitamin B12 supplementation did not show any improvements in cognitive functions
in old people having dementia. Long-term use of folic acid supplementation
exhibited to improve cognitive functions in healthy old people having higher levels
of homocysteine (Malouf and Areosa Sastre 2003; McCracken 2010). A small
intervention trial found that multi-vitamin B supplementation slows the rate of
accelerated brain atrophy and it also slows cognitive decline in patients with
increased homocysteine levels (Malouf and Evans 2008). In a larger trial on old
people with depressive symptoms, a combination of vitamin B12 and folic acid for
two consecutive years improved cognitive functions in some aspects. Furthermore,
the combination of nutrients received from food may have synergistic and interactive
effects on health, while these beneficial effects may not be seen in supplementation
trials (Morris et al. 2007; Balk et al. 2007).

Calcium and vitamin D has an important role in bone health. Calcium is the
basic structural component of bones and teeth. Vitamin D plays vital role in
absorption of calcium and maintenance of serum calcium and phosphorous
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homeostasis. When level of vitamin D is low it disturbs the absorption of calcium
and stimulates release of parathyroid hormones that are responsible for bone resorp-
tion and fasten the bone loss (Lips et al. 2010). Normally, vitamin D is formed in the
skin by UVB light from sun but in old people the synthesis of vitamin D from
sunlight exposure is limited because of the decrease in the precursor of vitamin D in
aging skin and also due to the less time spent outdoor in old age (Mosekilde 2005).
Thus, in old people prone to deficiency an increase intake of vitamin D is essential
for bone health. Vitamin D alone has little effect on risk of fracture. Studies have
shown that supplementation of vitamin D and calcium reduces hip fracture by 16%.
Cholecalciferol, a specific form of vitamin D, appears to reduce mortality in pre-
dominantly old women (Avenell et al. 2009; Bjelakovic et al. 2014). Further, vitamin
D and calcium supplements are used in postmenopausal women in order to prevent
osteoporosis. Antioxidants are needed in order to protect the cells from oxidative
damage. Antioxidants neutralize the free radicals (Bolland et al. 2010). They come
from two major sources, one from internal production of body and second from
consumption of antioxidant nutrients like vitamin A, C and E and also a number of
other poly-phenolic compounds. Consumption of a diet rich in antioxidants may
decrease the risk of cardiovascular diseases, cognitive decline, dementia, and
age-related eye diseases (Bratic and Larsson 2013). Other antioxidants like zinc
and selenium have shown some positive effects on healthy aging. Selenium is a trace
element that has anti-inflammatory as well as antioxidant properties. Major dietary
sources of selenium include fish, meat, eggs, cereals, offal, grains, and certain
vegetables and fruits (Fusco et al. 2007). Low selenium levels may be linked with
higher risk of mortality, poor immune functioning, and decline in cognition
(Kieliszek and Błażejak 2013; Rees et al. 2013). Zinc is another micronutrient that
can show antioxidant properties in the body. Zinc deficiency has been associated
with neuronal damage seen in Alzheimer’s disease because zinc may be essential in
decreasing the copper level in brain. Excess of copper can function as pro-oxidant
and may enhance the probability of Alzheimer’s disease (Brewer 2012). Zinc has an
important role in immune system as well (Vishwanathan et al. 2013). It is a well-
established fact that immune system alters with advancing age as the ability to
respond to infection and development of immunity after vaccination decreases
with increasing age and it leads to enhanced risk of mortality due to the infections
in old people (Aw et al. 2007).

11.6.7 Phytochemical: Virgin Olive Oil

Dietary olive oil is a tool for counteracting the degenerative process mediated by the
free radical production and effect on various cells, tissues, and organs. Dietary
manipulation has been proved to be a great tool for partially modifying the structure
and features of biological membranes (Landvik et al. 1996). There is a possibility to
support the cell membranes by some specific membrane components that can
counteract activity of free radicals. The virgin olive oil is enriched with antioxidants
that prevent the attack of free radicals. It has very high content of mono unsaturated
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fatty acids and it greatly enriches the biological membranes and it partially
substitutes other fatty acids like poly unsaturated fatty acids. Resulting in the
formation of such membranes that are less susceptible to oxidative damage due to
the increased level of oleic acid, which is important to maintain optimal fluidity of
membrane for proper functioning. In addition, it slows down the lipid per oxidation
(Landvik et al. 1996; Grignaffini et al. 1994).

Virgin olive oil also contains large amount of antioxidant molecules such as
tocopherol, some phenolic compounds, and coenzyme-Q. These are known as free
radical scavengers that counteract the toxic radicals and in some cases even prevent
their formation. Thus, they protect the biological structures from oxidative injury
(Grignaffini et al. 1994; Visioli et al. 1995). The efficacy of dietary interventions
based on virgin olive oil has been widely demonstrated because olive oil is proven to
be a unique source of fat for modifying the fatty acid pattern of biological
membranes and it makes them less prone to suffer oxidative modifications (Petroni
et al. 1995).

11.6.8 Microbiota: Probiotics and Prebiotics

The microbiota or gut flora is all the microorganisms that live in the human gut and
also the metabolites generated by these microorganisms. Microbiota is essential for
gut health maintenance. Alterations in the composition of microbiota have been
associated with inflammation and metabolic disorders like irritable bowel syndrome,
colorectal cancer, inflammatory bowel disease, diabetes, CVD, and frailty in older
adults. Healthy people have a stable microbiota composition in gut, while the older
people have somewhat altered compositions of microbiota. Thus, improving the
microbial balance and composition in old people may help in reducing the risk of
metabolic diseases and inflammation. Probiotics and probiotics both have been
suggested to promote the health of gut in older people (Duncan and Flint 2013).
Probiotics are living microorganisms that on administration can cause health benefits
in host. Common types include Lactobacilli and Bifidobacteria and they are found in
yogurt and fermented milk products and in some fortified juices. Prebiotics are
non-digestible substrate molecules for probiotics and selectively stimulate the
growth and activity of these bacteria in gut. Probiotics are naturally present in
vegetables as well as synthetic forms of non-digestible carbohydrates (Hamilton-
Miller 2004).

11.7 A Tool for Counteracting Degenerative Process in Aging—
The Mediterranean Diet

The major effectors of MD are reduced caloric intake, decreased consumption of
saturated fatty acids, microbiota derived metabolites, less amino acid utilization, and
an increase in phytochemical consumption. Various interdependent and protruding
factors have been thought to play a significant role in healthy and active aging
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through consumption of Mediterranean diet. The first and foremost effect is the
protection against oxidative damage, injury, and inflammation and platelet aggrega-
tion (Fig. 11.2).

The second way to mediate pro-health and longevity effect of MD is through
lowering lipid levels. It also modifies the hormones as well as growth factors that are
involved in cancer pathogenesis. This inhibits the nutrient sensing pathway via
restriction of specific amino acid. MD has proven to be the best way to produce
certain metabolites by gut microbiota and it influences the metabolic health
(Sköldstam et al. 2003; Goldstein and Brown 2015; Beauchamp et al. 2005; Harris
et al. 2012; Lamming et al. 2015; Levine et al. 2014; David et al. 2014). A recent
study utilized the preferential full, randomized, and controlled study design called
PREDIMED (PREvención con DIeta MEDiterránea), it involved total 7447
individuals including both men (aged 55–80) and women(aged 60–80) who were
at a high risk of CVD but did not have the disease at the time of their enrollment in
the study. Subjects were assigned randomly to one of the three groups. The first
group was on controlled diet, the second one received MD plus four tablespoon of
extra virgin olive oil daily, and the third group received MD plus one ounce of nuts
daily. By the end of the study both the MD groups experienced a significant
reduction (30%) in the combined risk of stroke, acute heart attack, and cardiovascu-
lar death over the five-year period as compared to the control group. What is
compelling about these findings is that the people in the MD groups had a very
few dietary restrictions in comparison with the control group and no group restricted

Fig. 11.2 Major effectors of Mediterranean diet adapted from Tosti et al. (2017)
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their caloric intake or boosted their exercise at all. Most importantly this validated
the MD as a true health intervention that can significantly decrease the risk of CVD.
This is a radical advance over many previous studies, which could only show
correlation between diet and heart disease risk (Estruch et al. 2013). Polyphenols
reduce the blood pressure. The researchers also examined the impact of the two MD
(first with extra virgin olive oil and second one with nuts) on blood pressure at the
start of the study and also after one year of being on diet. The goal was to evaluate if
there was a connection between polyphenol levels and blood pressure. It was found
that those subjects on either of the two MD experienced significant reductions in
both diastolic and systolic blood pressure compared with those on the control. These
blood pressure reductions were associated with significant increases in total urinary
polyphenols as well as plasma nitric oxide levels. Endothelial nitric oxide is the
body’s natural blood-vessel relaxant, and is a biomarker of good cardiovascular
function and healthy aging. This study gives the first clue that polyphenols in the
MD promote healthy aging and protect against CVD by directly improving vascular
function and decreasing blood pressure. An additional follow-up research study
provides insight into another key mechanism of action (Medina-Remon et al.
2015) (https://www.newscientist.com/article/2116971-brain-shrinks-less-in-older-
people-who-eat-mediterranean-diet/. Accessed January 5, 2017). Polyphenols, a
larger part of MD, reduce inflammation as well. The researchers followed a
sub-group of 1139 people in the PREDIMED study to evaluate if the levels of
polyphenols were connected with inflammatory markers. Chronic inflammation is
found to be the fundamental contributor to CVD, rheumatoid arthritis, and osteoar-
thritis and the polyphenols are known as anti-inflammatory compounds, so it was a
sensible area of investigation. After one year, the subjects who had greatest increase
in urinary polyphenols, they showed significantly low levels of five important
inflammatory markers that correlate with CVD and other diseases. They include
intracellular adhesion molecule- I, tumor necrosis factor- alpha, vascular cell adhe-
sion molecule-I, interleukin-6, and monocyte chemotactic protein-I. In addition, the
subjects who had highest increase in polyphenol levels exhibited significantly less
systolic and diastolic blood pressure and also had significant increase in beneficial
HD cholesterol levels. It is evident from these studies that the polyphenols in the MD
account for a large proportion of its value in preventing catastrophic heart disease,
stroke, and cardiovascular deaths (Medina-Remon et al. 2017).

11.8 Conclusion

Accumulating data suggests that the nutrition is an essential factor for promoting the
health and preventing the most common age-related chronic conditions. The molec-
ular and metabolic health is chiefly associated with what we eat. The caloric
restriction increases the healthy life span only when it is combined with sufficient
intake of all other essential macro- and micronutrients. It can be concluded that
certain dietary interventions can be a newer, interesting, and promising technique to
prevent and treat various age-related diseases, as an effective adjuvant to the
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pharmacological therapy. As MD provides vast amounts of stable and
non-oxidizable fatty acids and remarkable amount of powerful antioxidants, it can
slow down the degenerative processes during aging and can promote an active and
healthy aging (Fontana and Partridge 2015).

Unlike the typical American and European diet, the conventional MD
incorporates a wide variety of minimally processed and fiber rich plant food, full
of vitamins, phytochemicals, and minerals. Less intake of eggs, fish, meat, and
cheese serves other essential components like vitamin B12 that cannot be obtained
from exclusively plant-based food. In past decades the great amount of energy was
obtained by intake of energy dense foods like extra virgin olive oil and dried fruits.
The moderate restriction of energy obtained by more intakes of fiber rich and energy
poor plant foods and also the restriction of specifically sulfur and other amino acids
and saturated fatty acids play a vital role in the mediation of health and longevity
benefits of Mediterranean diet. To sum up, the close adherence to MD can cause
higher rate of longevity in people. It implies a daily intake of macro- and
micronutrients as well as phytochemicals protects from age-related diseases and
promotes active and healthy aging (Bertozzi et al. 2017).
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Technological Advances in Improving
Bioavailability of Phytochemicals
for the Treatment of Alzheimer’s Disease
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Abstract

Alzheimer’s disease (AD) is globally the most prevalent age-related neurodegen-
erative disease. There are drugs available for symptomatic treatment of the
disease to delay the progression of symptoms of neurocognitive and physical
decline. Studies have demonstrated many phytochemicals as candidates for the
treatment of AD with anti-cholinesterase, anti-amyloidogenic, antioxidant, and
anti-inflammatory effects. However, their properties differ from those of drugs.
Many factors may play a critical role in limiting the bioavailability of these plant-
originated chemicals. Therefore, studies have focused on developing new drug
delivery systems like phytosomes, nanotechnology-based technologies, etc., to
enable effective and reliable delivery of phytochemicals to the central nervous
system (CNS). However, we still do not have any data on long-term treatment
with phytochemicals delivered by these systems in AD.
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Alzheimer’s disease (AD) is globally the most prevalent age-related neurodegenera-
tive disease associated with progressive memory impairment. AD is typical with
overproduction of β-amyloid (Aβ) peptides and malfunction of the cholinergic
system followed by cognitive decline leading to brain atrophy and death (Aminoff
et al. 2015). It is the most prevalent cause of dementia. While there is no radical
solution for AD, several drugs are available for symptomatic treatment including
inhibitors of cholinesterase enzyme and N-methyl-D-aspartate receptor (NMDAR),
to delay the progression of symptoms of neurocognitive and physical decline
(Goodman 1996). Although many of the approved AD drugs are plant-derived
compounds (galantamine, physostigmine, huperzine A), their limited effects and
adverse side effects as well as lack of extensive knowledge on the neurobiological
mechanisms underlying AD prompted search into new natural anti-AD
pharmaceuticals (Huegel 2015). Chemical studies have demonstrated plenty of
phytochemicals such as alkaloids, terpenes, and polyphenols that have multiple
pharmacological activities including anti-cholinesterase, anti-amyloidogenic, anti-
oxidant, and anti-inflammatory effects (Uddin et al. 2019). These multi-targeting
features make these chemicals attractive candidates for the treatment of AD (Akram
and Nawaz 2017; Kimura 2006). Moreover, regular intake of these phytochemicals
may slow down the onset and the progression of AD and improve health status
(Uddin et al. 2019). However, their properties differ from those of drugs. Many
factors may play a critical role in limiting the bioavailability of these plant-derived
chemicals such as solubility of the compound, metabolism by bowel microbiota,
stability under gastric and intestinal pH conditions, absorption from the intestines,
active efflux pumps, and presystemic degradation (Yang et al. 2008). Additionally,
problems in passage of the compound through the blood–brain barrier and its
subsequent delivery to the brain may also contribute to poor bioavailability (Van
der Schyf et al. 2006; Shoji and Nakashima 2004). To overcome these limitations,
studies have focused on new technologies to enable safe, suitable, and targeted
delivery of phytochemicals to the CNS with the aim to find an optimal therapy for
AD (Table 12.1) (Fig. 12.1) (Harvey et al. 2010). Currently, there is an ongoing
research to devise new herbal drug delivery systems like sustained-controlled release
formulations (e.g., drug-loaded gels, various nanocarriers), phytosomes (nano or
not), and nanoparticles (Harvey et al. 2010; Devi et al. 2010).

12.1 Drug Delivery Systems for Alzheimer’s Disease

12.1.1 Phytosome

Phytosome is a lipid-based drug delivery system or drug carrier that is formed
through complexation of phytochemicals with a phospholipid. There are many
phytosomal formulations in the market including Ginkgo biloba (gingko
flavonoids), olive fruits or leaves extracts (polyphenols), curcumin and silybin
(flavonoids). Phytosomal formulations confer high lipophilicity to the compound
and protection of the phytochemical(s) from destruction by digestive enzymes and
gut microflora. Thus, phytosomal products enhance the bioavailability of active
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Table 12.1 Novel drug delivery systems for the most prevalent phytochemicals/plants/plant
extracts in the treatment of AD

Phytochemical Technology Study model References

Curcumin Polymeric
nanoparticles

LAG cell line Mathew et al. (2012)

Red blood cells

Fan et al. (2018)HT22 cells

Solid lipid
nanoparticles

Rat Sadegh Malvajerd
et al. (2019)

Metal nanoparticles Murine Neuro-2a (N2a) cells Kochi et al. (2015)

Mouse Bicer et al. (2018)

In vitro model Picciano and Vaden
(2013)

Micelles In vitro model, U87MG cell
line, rat

Desai and Patravale
(2018)

Liposomes Post-mortem brain samples
of AD patients

Mourtas et al. (2014)

Nanoemulsion SK-N-SH cells, sheep nasal
mucosa

Sood et al. (2014)

Resveratrol Solid lipid
nanocarriers

Human brain capillary-like
endothelial cells

Loureiro et al. (2017)

Hydrogels In vitro model, rats Rajput et al. (2018)

Transfersome/
nanoemulsion

Rat Salem et al. (2019)

Polymeric
nanoparticles

PC12 cells Lu et al. (2009)

Huperzine A Polymeric
nanoparticles

16HBE cell line, mouse Meng et al. (2018)

Solid lipid
nanocarriers

Mouse Patel et al. (2013)

Piperine Polymeric
nanoparticles

Rat Elnaggar et al.
(2015a)

Cubosome Rat Elnaggar et al.
(2015b)

Microemulsion Rat Etman et al. (2018)

Solid lipid
nanocarriers

Rat Yusuf et al. (2013)

Quercetin Solid lipid
nanocarriers

Zebrafish Rishitha and
Muthuraman (2018)

Polymeric
nanoparticles

Mouse Sun et al. (2016)

Metal nanoparticles SH-SY5Y cells Liu et al. (2019)

Liposomes SK-N-MC cells Kuo and Tsao (2017)

Rivastigmine Solid lipid
nanocarriers

An in vitro model Malekpour-Galogahi
et al. (2018)

Polymeric
nanoparticles

An in vitro model Wilson et al. (2011)

Liposomes Mouse Mutlu et al. (2011)

Microemulsion Ex vivo goat nasal mucosa Shah et al. (2015)

(continued)
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phytochemical constituents and their therapeutic potential and are reported to be safe
and well tolerated. They are formulated as soft/hard gelatin capsules and tablets
(Harvey et al. 2010; Devi et al. 2010; Shakeri and Sahebkar 2016a).

12.1.2 Nanotechnology-Based Systems

In recent years, a tremendous progress has been achieved in nanotechnology for drug
delivery. Nanosystems have been reported to achieve improved solubility of

Table 12.1 (continued)

Phytochemical Technology Study model References

Galantamine Solid lipid
nanocarriers

Rat Misra et al. (2016)

Polymeric
nanoparticles

Rat Wahba et al. (2016)

Liposomes PC12 neuronal cells Mufamadi et al.
(2013)

Gel type drug
reservoir/patch

An in vitro model Woo et al. (2015)

Nicotine Polymeric
nanoparticles

An in vitro model Singh et al. (2006)

Ginsenoside
Rg3

Polymeric
nanoparticles

An in vitro model Aalinkeel et al.
(2018)

Ginkgo biloba
extracts

Polymeric
nanoparticles

An in vitro model Wang et al. (2018)

Fig. 12.1 Herbal drug delivery systems for Alzheimer’s disease
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phytochemicals, reduced susceptibility to degradation in the gastrointestinal tract,
increased concentrations in the bloodstream, and a lower incidence of adverse
effects, particularly for water-soluble phytochemicals (Shakeri and Sahebkar
2016a, b).

12.1.3 Nanoparticles

They are sphere-like particles ranging from 1 and 100 nm in size. Numerous
phytochemicals have been designed as nanoparticles (NPs) mostly by
nanoprecipitation, evaporation, emulsion, lyophilization, emulsification, and
homogenization procedures (Shakeri and Sahebkar 2016b; Jadhav et al. 2017).
Some of the well-known nanodelivery systems for phytochemicals are liposomal
formulations, nanostructured lipid carriers, polymeric nanoparticles, micelles,
cubosomes, metal complexes, nanoemulsions, and nano-phytosomes. They can be
administered via different drug administration routes (Devi et al. 2010; Shakeri and
Sahebkar 2016a; Squillaro et al. 2018; Aw-Yong et al. 2018).

Liposomes are phospholipid vesicles that can encapsulate both hydrophilic and
lipophilic molecules. Their unique structure preserves the molecule from premature
degradation and dilution in the bloodstream (Squillaro et al. 2018; Hamidi et al.
2008).

Nanostructured lipid carriers (NLCs) are new generation solid liquid
nanoparticles. They consist of water dispersed lipids and a surface-active compound
containing aqueous solution (Squillaro et al. 2018; Aw-Yong et al. 2018). NCLs are
physiological compounds which enable fast and large-scale production. They offer
enhanced efficiency with targeted drug distribution to the brain. Their advantages
include increased bioavailability as well as good tolerability. However, solid lipid
nanocarriers have low drug-loading capacity and have stability problems(Squillaro
et al. 2018; Aw-Yong et al. 2018; Ovais et al. 2018).

Polymeric nanoparticles are one of the most widely studied nanocarrier systems.
They are solid colloidal particles. They are between 10 and 1000 nm in size. There
are also hydrogels of polymeric nanoparticles (Hamidi et al. 2008). Typically, the
drug encapsulated within the carrier is surrounded by biodegradable polymers. The
unique advantages of these carriers include controlled release, stability, and degra-
dation resistant encapsulation of the chemicals (Squillaro et al. 2018; Aw-Yong et al.
2018; Ovais et al. 2018). Chitosan, PLGA (poly (lactide-co-glycolide), and cyano-
acrylate are polymer-based delivery systems (Ovais et al. 2018).

Surrounded by a hydrophilic shell, micelles are self-assembling colloidal particles
with a diameter between 10 and 100 nm. The nature of the shell provides prolonged
circulation time and stability of the integrated drug (Devi et al. 2010; Shakeri and
Sahebkar 2016a; Squillaro et al. 2018; Ovais et al. 2018).

Metal complexes are another strategy for the improvement of new therapeutic
applications. They are formed by complexation of a biologically active natural
products with transition metals like copper, gadolinium, etc. The presence of the
metal was shown to improve the stability, water solubility, and therapeutic effects of
the phytochemicals, while reducing its side effects (Shakeri et al. 2019).
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Cubosomes are cubic nanostructured liquid crystalline particles. They can encap-
sulate amphiphilic, hydrophobic, and hydrophilic substances. Other advantages of
cubosomes are increased solubility, bioadhesion, and sustained release of the
encapsulated chemical. Also, cubosomes have the potential to protect the drug
from degradation in the biological environment and can be given by various routes
of drug administration (Duttagupta et al. 2016).

Nanoemulsions are nano-sized (r < 100 nm) unmixable liquids (e.g., water and
oil) balanced by convenient surfactants that can be produced in various dosage
forms. They can be given via different routes of drug administration. By improving
solubility, stability, permeability, and decreased metabolism in the liver,
nanoemulsion formulations can increase the bioavailability and therapeutic effects
of the drug while minimizing its adverse effects (Singh et al. 2017). Basically, there
are two types of emulsions: nanoemulsions and microemulsions. There are
differences and similarities between these emulsions, in terms of their compositions,
structure, fabrication, properties. In general, microemulsions are thermodynamically
more stable than nanoemulsions, an important characteristic for drug delivery
(Tayeb and Sainsbury 2018).

Nano-transfersomes are novel phospholipid-containing flexible formulations
developed specifically for transdermal delivery of the drug. They have better perme-
ability characteristics compared to conventional liposomes (Rai et al. 2017).

12.2 Phytochemicals for Alzheimer’s Disease: Bioavailability
Problems and Novel Delivery Strategies

Phytochemicals are plant-derived, naturally occurring compounds. Polyphenols are
the most abundant and widespread group of phytochemicals present as secondary
metabolites of fruits, vegetables, and natural oils (Tsao 2010). Polyphenols have
been shown to have preventive and/or therapeutic effects in many chronic patholog-
ical conditions including neurodegenerative disorders, cardiovascular diseases, dia-
betes, cancer, and obesity through their antioxidant and anti-inflammatory activities
(Yao and Xue 2014). They typically have a classic phenol ring. Based upon the
variations in their chemical structure, they are further divided into five major
subclasses including flavonoids, phenolic acids, stilbenes, tannins, and lignans
(Tsao 2010). Due to their beneficial effects, curcumin and resveratrol (RSV) are
among the most extensively studied photochemicals as potential novel delivery
systems for AD.

12.2.1 Curcumin

Curcumin (turmeric) is isolated from the root of Curcuma Longa. It is a phenolic
acid derivative. There are a lot of reports suggesting its neuroprotective effects
against dementia. Preventive and/or therapeutic effects of curcumin in AD involve
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inhibition of formation of Aβ plaques, lowering total cholesterol levels, inhibition of
the apoptotic process, chelation of metal ions (esp. copper), and scavenging free
radicals (Yao and Xue 2014).

For orally ingested chemicals, solubility, intestinal degradation, and hepatic
metabolism are the major factors that determine their bioavailability. In humans,
curcumin exhibits poor bioavailability. Insolubility in water, poor absorption, and
fast metabolism are the major reasons contributing to low plasma and ineffective
target tissue levels of curcumin. In an animal study, its oral bioavailability has been
found to be 1% in rats. In both animals and human subjects, depending on the
method of administration, curcumin was largely metabolized to the glucuronide and
sulfate conjugates in the kidney, liver, and intestinal mucosa (Anand et al. 2007).

More effective new formulations have been developed and tested in order to
enhance the bioavailability of curcumin. To overcome its low solubility in water,
water-soluble PLGA coated-curcumin nanoparticles have been synthesized and
coupled with Tet-1 peptide, to increase its affinity to neurons. It was found that
encapsulated-PLGA (polyl(actide-co-glycolide)) nanoparticles are efficient in neu-
ronal targeting, able to destroy amyloid aggregates, display similar antioxidant
properties like raw curcumin and are not toxic to cells. The encapsulation does not
result in changes in the original favorable properties of curcumin. Thus, this nano-
particle formulation has been suggested as a promising drug for the treatment of AD
(Mathew et al. 2012). In a recent animal study, a newly designed brain tissue-
targeted PLGA-PEG (poly(ethylene glycol))-coated curcumin nanoparticle conju-
gated with B6 peptide was found to increase curcumin cellular uptake and showed
little influence on hemolysis rate and thrombo-elastography. Additionally, PLGA-
PEG-B6/Cur was proven to improve memory capability and spatial learning in tested
mice (Fan et al. 2018). Another study by Malvajerd et al. showed that curcumin-
loaded nanostructured lipid carriers (Cur-NLCs) provided increased brain uptake of
curcumin in an animal model of AD, compared to control group. In the same study,
administration of Cur-NLCs effectively reduced oxidative markers, decreased Aβ
deposition histopathologically, enhanced learning ability, and improved memory of
rats (Sadegh Malvajerd et al. 2019). More recently, cocrystals of curcumin
incorporated in micellar nanocarriers have been developed and tested to increase
the bioavailability of the phytochemical. This experimental system revealed effec-
tive delivery of curcumin from nose to brain tissue and delayed clearance (Desai and
Patravale 2018).

Another strategy to overcome some of the aforementioned limitations is to form
metal complexes of curcumin. It is known that metal ions such as Al3+, Hg2+, Mn2+,
Cu2+ when found at high levels in brain may induce production of neurotoxic
elements like reactive oxygen species through binding to specific sites in Aβ
peptides. This is one of the factors underlying the amyloid pathology in Alzheimer’s
disease (Aminoff et al. 2015). Curcumin has the ability to chelate various metal ions.
It was suggested that curcumin may compete with Aβ peptides for complexation
with metal ions (Ovais et al. 2018). Recently, Picciano et al. reported that the Aβ
protein has two binding sites, namely the metal ion-binding and curcumin-binding
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regions. In their study, they showed that curcumin–copper complex could bind to
Cu2+ and Aβ binding sites at the same time and inhibit amyloid formation through
two different binding sites (Picciano and Vaden 2013).

In a study, Kochi et al. reported that a derivative of curcumin that contains
gadolinium (Gd-cur) had increased solubility and showed similar interaction with
Aβ compared to curcumin. This metal derivative had also similar radical scavenging
capability compared to Trolox (a vitamin E analog) (Kochi et al. 2015). Furthermore,
curcumin-iron complex has been suggested to strengthen the memory. In the same
study, Bicer et al. found that this complex was more effective than curcumin in terms
of latent period measures (Bicer et al. 2018).

12.2.2 Resveratrol

Major dietary sources of resveratrol (RSV) include grapes, wine, blueberries, and
nuts. It is a stilbenoid which is produced by herbs as a defensive response to injury or
pathogens. RSV has garnered much attention owing to its healing and preventive
effects in a number of chronic diseases. It has been demonstrated to reduce inflam-
mation and oxidative damage through inhibition of Aβ synthesis and its neurotoxic-
ity. Moreover, it has been observed to decrease insulin resistance and serum LDL
cholesterol level which are associated with the development of AD (Drygalski et al.
2018). Due to its promising effects, RSV is now being evaluated in phase II clinical
trials for the treatment of AD. However, the major limitation of RSV use human
studies is its poor aqueous solubility, rapid metabolism, and photosensitivity in AD
patients (Charytoniuk et al. 2017). Although its oral absorption has been shown to be
about 75%, its half-life is only 8–14 min because of the rapid degradation into
glucuronide and sulfate metabolites in hepatic cells and intestinal epithelial cells in
humans. Therefore, new RSV delivery strategies addressing aforementioned issues
related to its low bioavailability have been investigated (Ma et al. 2014).

The complex nature and multifactorial pathogenesis of AD led pharmaceutical
manufacturers to develop multifunctional drugs with improved biological effects,
namely multi-target-directed ligand (MTDL) drugs. MTDL drugs represent an inno-
vative area in the search for novel drug candidates against neurologic diseases like
AD. It is a hybrid compound which acts simultaneously on various targets (Cheng
et al. 2018). Recently, Jerabek et al. reported a tacrine (an acetylcholinesterase (AChE)
inhibitor)-resveratrol hybrid with good anti-AChE and anti Aβ activities. In their
study, they also observed that the hybrid drug had high blood–brain permeability
and low cytotoxicity in an experimental model of AD (Jeřábek et al. 2017). Similar
results were reported in the literature for various hybrids of resveratrol with commer-
cial drugs (Cheng et al. 2018; Yang et al. 2017).

In recent years, researchers focused on stability, solubility, and degradation
problems of resveratrol and numerous formulations have been developed for differ-
ent clinical targets (Ma et al. 2014; Amri et al. 2012). In a study by Loureiro et al.,
the anti-transferrin receptor monoclonal antibody (OX26 mAb) coupled with solid
lipid nanoparticles (SLNs) were used to carry resveratrol and grape extract into the
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brain. They found that the specific OX26 mAb increased the penetration of
nanoparticles across the blood–brain barrier more efficiently when compared with
a non-specific LB 509Ab or solid lipid nanoparticle without any Ab. These results
suggest that functionalized Ab coupled with solid lipid nanocarriers can be used for
drugs that have low blood–brain barrier penetration ability (Loureiro et al. 2017).
Very recently, Raiput et al. studied a nanostructured in situ gel of RSV in an AD
model. They found that the new carrier system increased RSV penetration through
nasal mucosa and strengthened the memory of rats better than the oral RSV
suspension and in situ gel formulations of RSV. These results suggest that the
novel nanostructured product is a promising approach for brain targeting of RSV
in the treatment of AD (Rajput et al. 2018).

12.3 Future Perspectives and Conclusion

Phytochemical-loaded nanocarriers are promising drug delivery systems due to their
higher efficacy and specificity for AD patients. However, we do not have any data on
long-term treatment with phytochemicals delivered by these systems. As with many
other chronic diseases, AD requires long-term, frequent administration of the
phytochemicals for the desired therapeutic effectiveness. Additionally, nanotechnol-
ogy is an innovative scientific field in pharmacotherapy. Despite several advantages
of nanotechnological products, there are reports on the interaction of nanoparticles
with endogenous molecules in the bloodstream (Subbiah et al. 2010). Once the
nanoparticles enter the body, they travel more freely than larger molecules in the
body and even reach the fetus. They can enter the cells easily and in an uncontrolled
fashion and may cause oxidative stress, protein denaturation, organelle and cellular
dysfunctions, genotoxicity, inflammation, leading to exacerbation of asthma,
allergy, fibrosis, chronic inflammation, and carcinogenesis. Specifically, polymeric
nanoparticles used for drug delivery were found to be toxic for macrophages and
may cause concentration-dependent mortality in tested animals (Gupta and Xie
2018).

The binding of a metal ion to a biologically active compound represents a new
therapeutic intervention to modify pharmacological properties of the ligand.
Although there are many reports on the use of numerous metal complexes in biology
including diagnostic, anti-cancer, anti-diabetic, anti-inflammatory, antimicrobial,
and anti-ulcer applications, no data exists on the pharmacokinetic properties of
most metal-curcumin complexes following administration into the human body
(Ovais et al. 2018; Liu et al. 2018).

Nasal drug delivery is a promising area especially when the brain is targeted. It
offers many advantages including escape from the blood–brain barrier (hence, faster
onset of action), bypass hepatic first-pass metabolism, less systemic side effects, and
non-invasive route of drug administration. However, nasal mucosa barrier, enzy-
matic degradation, mucociliary activity, local toxicity of the chemical, and several
other drug- or patient-related factors may complicate the delivery of the formulation
into the brain tissue and limit the efficacy of the therapy (Agrawal et al. 2018).

12 Technological Advances in Improving Bioavailability of Phytochemicals for the. . . 273



Additionally, whatever the delivery system is, increased blood–brain barrier perme-
ability may elevate the concentration of the phytochemical in the brain tissue,
potentially causing neurotoxicity.

There are still a lot of questions to be answered regarding the cost, tolerability,
mechanism of action, efficiency, side effects, and long-term toxicities of both
phytochemicals and new delivery systems in chronic diseases such as AD.
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Conclusion 13
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Abstract

The main topic is the promotion of active and healthy ageing (AHA) through the
use of appropriate nutrients or diets. AHA is one of the societal challenges we will
be facing in the upcoming decades with an impact on society and economy.

Nutrients and nutraceuticals may be used to improve health, supporting the
functions of the body, improving the cognitive and physical performance, reduc-
ing the risk factors for chronic diseases, increasing the neuronal cell survival, and
increasing the life expectancy. The dietary constituents have anti-cholinergic,
antioxidant, and anti-inflammatory features. The nutritional approach has the
advantage of being safe and devoid of adverse and side effects, cost effective,
and easy to be acceptable for the patients.

In this chapter, the paper collection of the book is summarized. The papers
target an audience of practicing researchers, academics, and scientists from Iran,
Italy, Pakistan, India, Saudi Arabia, and Turkey. The book contents were written
by multiple authors and edited by experts in clinical and research fields in order to
increase the knowledge on nutrients and nutraceuticals considering age-related
and multidimensional approaches to the purpose of appropriate and personalized
treatment.
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Age is a major risk factor in several diseases of developed countries (Niccoli et al.
2012). The process of aging involves a matched program of changes. Then, positive
changes to factors such as diet and lifestyle can promote active and healthy aging
(Mak and Caldeira 2014) (AHA), and help to delay the onset of the negative
age-related diseases. AHA is one of the societal challenges we will be facing in
the upcoming decades with an impacts on society and economy (Smart
Specialisation Platform. European Commission n.d.). AHA is the process of devel-
oping and maintaining the functional ability that enables wellbeing in older age, and
includes a person’s ability to meet his/her basic needs, to learn, to grow and make
decisions, to be mobile, to build and maintain relationships, and to contribute to the
society (World Health Organization n.d.).

The main topic of the book was the promotion of AHA through the use of
appropriate nutrients or diets.

Nutrients and nutraceuticals may be used to improve health, supporting the
functions of the body, improving the cognitive and physical performance, reducing
risk factors for chronic diseases, increasing neuronal cell survival, and increasing life
expectancy. The dietary constituents have anti-cholinergic, anti-oxidant, and anti-
inflammatory features. The nutritional approach has the advantage of being safe and
devoid of adverse and side effects, cost effective, and easy to be acceptable for the
patients. The book is a collection of papers targeting an audience of practicing
researchers, academics, and other scientists from Iran, Italy, Pakistan, India, Saudi
Arabia, and Turkey. Its contents was written by multiple authors and edited by
experts in clinical and researcher fields.

They contributed to increasing the knowledge on nutrients and nutraceuticals
considering age-related and multidimensional approaches to the purpose of appro-
priate and personalized treatment.

In the first chapter, Della Grace Thomas Parambi and colleagues discussed about
demographic and epidemiological aspects of aging confirming that health promotion
schemes and health care management strategies have propelled an abrupt rise in the
survival rates of elders, accompanied by the increasing need for trained personnel,
specialized care, and budgetary policies to earmark funds from young taxpayers to
pay for geriatric care. By the authors, the governments should formulate feasible
strategies for training in specialized care, expanding insurance cover, generating
supportive technologies, and creating a skilled workforce, in addition to legally
empowering helpless elders who are vulnerable to exploitation.

In the successive chapter, S. Sathya and K. Pandima Devi supported to concep-
tualize the healthy aging phenotypes (HAP) which is at the early stage of research.
The data discussed in the study helps other researchers to assess the possible utility
of the tools to measure the HAP and able them to include still more tools in
respective domains of HAP for their enhanced assessment. The authors concluded
that currently only holistic assessment of HAP can be achieved by measuring the five
domains of HAP such as physiological and metabolic health, physical capability,
cognitive function, psychological and subjective wellbeing, and social wellbeing.
Other types of HAP assessment are still in development.
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In the third chapter, Touqeer Ahmed et al. discussed various manifestation of
aging, highlighting that the social and mental stressors are also a major cause of early
aging with consequent issues of isolation, cognitive decline, and depression. The
authors have described the main contributors of aging associated diseases.

In the Chap. 4, Giuseppe Annunziata and colleagues described the nutritional
status assessment as a crucial item in management of elderly people and a funda-
mental tool to improve life span. The authors eviscerated all clinical outcomes,
including evaluation of clinical signs, blood parameters, nutritional status, anthropo-
metric parameters, and body composition. Therefore, Annunziata et al. provided a
useful and practical support for nutritional assessment in old subjects.

In the successive chapter, Mahshid Hodjat et al. discussed recent findings on the
most widely studied nutrients and nutraceuticals that assist to prevent age-related
diseases and decelerate aging process. The authors categorized the nutrients based
on their contributions to different age-related symptoms.

In the sixth chapter, Amir Hossein Abdolghaffari and colleagues reported the
recent data from preclinical and clinical studies which indicate that dietary fibers
exert pervasive and prominent role in controlling the mechanisms of aging and its
associated diseases.

In the Chap. 7, Testai L. and Calderone V. documented the ability of polypheno-
lic compounds to attenuate the effects of a wide variety of human disease models.

In the eighth chapter, Sepideh Goudarzi and Mohammad Abdollahi showed that
prevention of inflammation could be beneficial at any age. Many of the
anti-inflammatory nutrients and nutraceutical substances mentioned in the chapter
are able to combat contrast inflammation through several pathways, preventing
cancers, diabetes dyslipidemia, atherosclerosis, etc.

In the successive chapter, Abida Zulfiqar and colleagues discussed about the anti-
oxidant nutrients and nutraceuticals in aging confirming that they can decrease the
process of oxidative damage to the cells and tissues. Found in various fruits and
vegetable, such as cherries, orange carrots, purple berries, etc., anti-oxidants can
fight against cancer and a wide range of other diseases. The authors reported that the
anti-oxidants slow the process of aging by reducing the amount of free radicals
production which causes damage to our body.

In the tenth chapter, Zahra Bayramia et al. attempt to explain cognitive
impairment related to aging, definition of functional foods and dietary patterns and
their classifications, the role of functional foods and dietary patterns on cognitive
function, and the possible mechanisms and pathways involved in the effects of
dietary patterns on cognitive decline related to aging.

In the following chapter, Nida Noreen and colleagues discussed about the
valuable impact of Mediterranean diet (MD) on healthy aging. By the authors, the
MD diet has proven to be the best tool to counteract the degenerative processes and
promote an active healthy aging.

In the final chapter, Mehtap Ozkur et al. reported the technological advances in
improving bioavailability of phytochemicals for the treatment of Alzheimer’s dis-
ease. The authors documented that nanotechnology is an innovative scientific field in

13 Conclusion 281



pharmacotherapy and about its several advantages, there are reports on the interac-
tion of nanoparticles with endogenous molecules in the bloodstream.

In light of this book, a substantial impact on the potential benefits of nutrients and
nutraceuticals has been correlated with AHA. Further studies are required to fully
understand the complex interactions between natural compounds and age-related
diseases and to determine the exact nature of their subsequent local and systemic
health benefits.
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