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Abstract
Purpose of Review This review tries to provide a comprehension of the relation existing between aging and nutrition.
Recent Findings Macronutrients and micronutrients obtained from food intake support biological and physiological activities
required for optimal health. The past decade has witnessed studies demonstrating a link between malnutrition and accelerated aging
or age-related disorders. Aging causes loss of function in tissues and organs and is explained by different theories such as free radical
or reactive oxygen species (ROS), nutritional intervention in the name of caloric or dietary restriction (CR/DR), or endocrine theories.
These theories confirm the bridge between nutrition and aging, and give the clues on how aging and age-related diseases can be
mitigated by macronutrients like proteins and carbohydrates, and by micronutrients, including vitamins and essential minerals.
Summary This review, besides giving insight into the precedent theories and findings, answers the following questions: Which
nutrients are essential or need to be considered in the elderly? Do elderly feed themselves without difficulties?What are the basic
causes and consequences of aging that link it to nutrition? Through this insight and those answers, the article lays the path down
for further studies on the interaction between the aging process and different types of nutrients.
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Introduction

The term Bhealthy aging^ is employedmany times to refer to the
malfunctioning of the body associated with aging but also to
point out the effort or the need to give a clearer and focus strategy
to help elderly people live a better life [1]. Healthy aging could
be defined as strategies put into practice by the public health

authorities to provide appropriate care and support, and to main-
tain the highest standard of life possible to people who have
reached their 60’s and beyond. The World Health Organization
has defined the term as: Bthe process of developing and main-
taining the functional ability that enables wellbeing in older age.
Functional ability is about having the capabilities that enable all
people to be and do what they have reason to value. This in-
cludes a person’s ability to: meet their basic needs; to learn, grow
and make decisions; to be mobile; to build and maintain rela-
tionships; and to contribute to society^ [1]. One of the main
factors that influence well-being is nutrition, especially at later
ages. Indeed, nutrition has been scientifically proved by various
studies to be one of the main factors influencing healthy aging.

Nutrition is the set of processes by which foods are proc-
essed to ensure the healthy functioning of the body. It includes
food intake, absorption, assimilation, biosynthesis, catabolism,
and excretion. Human nutrition is composed of macronutrients
and micronutrients. Macronutrients are proteins, carbohydrates,
and lipids; they provide our calorie needs. Micronutrients, in-
cluding vitamins and essential minerals, support biochemical
and metabolic activities required for optimal health [2]. An
imbalanced diet can cause deficiency-related diseases such as
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blindness, anemia, or frailty and common chronic systemic
diseases associated with aging such as cardiovascular disease,
diabetes, and osteoporosis. In recent years, malnutrition or poor
nutritional state has been shown to be a main reason for older
patients’ hospitalization [3], underpinning the link between
malnutrition and accelerated aging or age-related diseases. For
instance, in 1935, McCay [4] through the caloric restriction
theory of aging has paved the way on themechanisms bywhich
nutritional deficiency or excess contributes to the aging process.
Ample evidence generated over the past decade go into that
direction; caloric and dietary restrictions have shown to be the
most effective longevity intervention range [2, 5].

This review, after presenting the theories behind aging,
outlines the physiological consequences of aging which in-
volve nutrition and why it is important to adjust the nutritional
needs during this biological state of the human body.

Nutritional Process Underlying Aging

Aging can be defined as the time-related progressive physio-
logical changes in an organism that lead to a deterioration or
decline of the biological functions and of the organism’s abil-
ity to adapt to metabolic stress. It takes place in a cell, a tissue,
an organ, and ultimately the total organism, and is character-
ized by a variety of changes in the body, including muscle
loss, thinner skin, and less stomach acid. These manifestations
of aging observed at the organism level are sustained bymulti-
causal, progressive, and irreversible modifications that occur
at molecular and cellular levels [6]. Scientific studies in the
last decades have investigated the process underlying aging at
this level and come up with a number of theories [7].
Currently, there is a multitude of aging theories [8–11, 12••],
but these taken individually cannot explain all the phenomena
of aging. However, some of these theories such as comple-
mentary free radical, caloric or dietary restriction, and endo-
crine theory seem to be more representative of the causes of
aging. Food intake or nutrition status plays a central role in
these theories since they mediate free radical, dietary, or hor-
monal production.

The free radical or reactive oxygen species (ROS) are formed
from oxygen and biomolecules brought by food absorption. The
ROS are mainly produced by mitochondria during mitochondri-
al metabolism. This notion is at the basis of Mitochondrial Free
Radical Theory of Aging proposed by Harman and Gerschman
to explain the aging process [12••, 13]. But an imbalance be-
tween the production of ROS and the antioxidant defenses of the
body will lead to oxidative stress production which is partly
responsible for cellular damages in the organismal tissues.
Various cellular biomolecule components such as, lipids, pro-
teins, or DNA are the particular targets of the ROS. And, the
accumulation of damages linked to ROS actions would be large-
ly responsible for the lesions observed during aging and the
progression of some age-related diseases such as cardiovascular

and neurodegenerative diseases. Apart from the mitochondria,
organelles such as the endoplasmic reticulum, cytochrome P450,
and enzymes such as NAPDH oxidase, lipoxygenase, and per-
oxisomes are also primary sites of ROS production [14]. Besides
the intrinsic and cellular factors, in general, malnutrition and
lifestyle are non-negligible sources of ROS. Smoking, low con-
sumption of fruits and vegetables, alcoholism, and exposure to
certain environmental factors such as carcinogens would lead to
endogenous biochemical reactions including the oxidation of
hypoxanthine and xanthine, inflammation, alteration of endothe-
lial function, iron overload, oxidation of hemoglobin, and mito-
chondrial alterations which are also potential sources for oxida-
tive stress [15]. In alignment with Mitochondrial Free Radical
Theory of Aging, several studies suggest that supplementation of
antioxidants including vitamins (E and C) can also interact with
free radicals and prevent their accumulation [16, 17]. Although
this free radical theory of agingwas proposed since 1954, it is yet
to be proven or disproven.

The second aging theory, the nutritional intervention known
as caloric or dietary restriction (CR/DR), has been showed to
regulate ROS production [4, 18]. CR is referring to a dietary
intervention with an overall 20–40% reduction of total caloric
intake, and DR represents a broader range of dietary interven-
tions including those with specific restrictions on macronutrients
and dietary patterns [19]. But they both have an impact on aging
and retard age-related chronic diseases by decreasing ROS gen-
eration and oxidative damage [18, 19]. Mechanistically, they are
mainly based on the reduction of metabolic rate and oxidative
stress: two components related to the nutrition state which have
beneficial impacts on body composition, ROS damages, insulin
sensitivity, and neuroendocrine function [19]. However, the
mechanisms remain elusive; CR or DR continues to be the most
robust metabolic intervention capable of extending longevity
and improving health span in diverse organisms including yeast,
drosophila, nematodes, fish, and mice, and in rhesus monkeys
and humans [4, 19, 20]. Experiments performed on mammalian
cells or models showed that both of them can mitigate the inci-
dence, time of onset, and progression of many age-related pa-
thologies including cardiomyopathy, nephropathy, type II diabe-
tes, muscle atrophy, hypertension-related diseases, autoimmune
diseases, and several neurodegenerative disorders like
Parkinson’s or Alzheimer’s disease [21, 22]. A similar observa-
tion has been found in humans [23]. Nowadays, one of the well-
recognized cardiovascular disease risk factors are carried by
foods including lipids and lipoproteins (low-density lipoprotein
LDL and high-density lipoprotein HDL cholesterol and triacyl-
glycerol) [24]. For example, atherosclerosis, a cardiovascular
disease, is recognized as an important age-related disease caused
by some elevated concentrations of oxidatively modified LDLs
which generate free radicals. This suggests that good nutrition
might prevent the onset of age-related cardiovascular diseases.

There is a link between factors (ROS production, CR or
DR) described in the precedent lines and endocrine signaling
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pathway [25]. Indeed, ROS production and nutritional inter-
vention (DR or CR) involve upstream nutrient signaling path-
way changes including in the insulin/IGF-1 axis and the mam-
malian target of rapamycin (mTOR) signaling pathway [18,
25]. In agreement with this, in a study released in 2013, an
altered neuroendocrine pathway during a prolonged starvation
study in animals has been reported [18], reinforcing the pre-
vious statement. This benefit effect is based on the reduction
of an adipose cell hormone called leptin that helps regulate
energy balance by inhibiting hunger. Those findings under-
score a central role of endocrine system mediated by the nu-
trition state, as a master regulator of the aging process.

Several alterations in gene expression are linked to aging
[26–28]. This change is observed in skeletal muscle, brain,
and heart, exposing the whole organism to developing an
age-related disease. Aging selectively increases inflammatory
and oxidative stress transcripts and downregulated genes in-
volved in ROS production [29]. Accordingly, genes that have
been reported to change during aging are particularly involved
in the process of food absorption and in the modulation of
nutrient signaling pathways.

Through all these theories of aging, it has become evident
that food intake or nutrition state is in the center of the aging
process, and this appeals for diet adjustment for better aging
without any age-related diseases.

Aging and Physiological Consequences

Physiological changes observed during aging are the manifes-
tations of synergetic dysfunctions of several cell components
including mitochondria, lysosome, and endoplasmic reticu-
lum. This dysfunction leads to a loop of consequences char-
acterized by ROS production, dysfunction of the clearance
systems and accumulation of wastes within the cytoplasm,
and cell damages. In the tissue level, there is a dysfunction
of the hormonal production, changes in the cell activity and
communications, loss of synapses, and excitotoxicity in the
neuronal tissue. On the clinical level, troubles are described
such as frailty, malabsorption of essential nutrients, and
sarcopenia [30].

Frailty, for example, is a late-stage of life syndrome that
results from reaching a threshold of decline across multiple
organ systems [31]. Depending on the frailty definition and
evaluation tool, frailty prevalence ranges between 4.0 and
59.1% in community-dwelling people aged ≥ 65 years [32•].
As the population ages, frailty represents increasingly impor-
tant public health concerns and has an incremental effect on
health expenditures (additional ± €1500/frail person/year) [33,
34]. Because of the major clinical and economic burden, it is
critical to find efficient, feasible, and cost-effective interven-
tions to prevent or slow down frailty in order to avoid or
diminish the adverse outcomes and maintain or improve qual-
ity of life [31]. Frailty is possibly reversible or modifiable by

interventions. Previous research on non-pharmacological in-
terventions such as physical exercise and nutritional interven-
tions showed promising effects on frailty status, functional
outcomes, and cognitive outcomes [35]. These interventions
can be combined with each other or with other (e.g., pharma-
cological, hormonal, or cognitive) therapies to prevent or treat
frailty [36].

Besides, it is known that low stomach acid can affect the
absorption of nutrients, such as vitamin B12, calcium, iron,
and magnesium. This might worsen the nutrient deficiencies
already observed in older people. For example, in an article
reviewing the relationship between oral status and nutrition,
examples were given of studies showing a decrease in vita-
min, fruit, and vegetable intake and increase in carbohydrates
in the elderly due mainly to tooth loss. This situation ex-
plained the obesity observed in edentulous elderly people by
further studies exposed in the review. In other cases, the situ-
ation is transformed into low body weight due to the inability
to chew, the loss of appetite, or mouth dryness observed in
elderly [37]. In another article reviewing the changes observed
during aging and their association with malnutrition, the obe-
sity observed in the elderly is explained by the loss of lean
muscle and sarcopenia. This loss in muscle happens in healthy
and non-healthy patients, suggesting this to be a metabolic
issue and not a disease one. Sarcopenia is also the cause be-
hind a reduced total body water content (dehydration) and it is
caused by the lack of exercise that is frequent in the elderly
[38]. Dehydration is one of the causes behind intractable con-
stipation observed in this population. And, constipation has
been associated with a decreased quality of life: paranoid ide-
ations, hostility, and obsessive-compulsive disorder, anxiety
disorders and depression, somatization, psychosis.
Considering the fact that old people are already experiencing
a feeling of unwantedness due to the fact that they no longer
feel useful to their communities and/or are living in caring
houses, constipation may lead them to a worse psychological
health [39]. Psychological illness has also been associated
with a deficiency in mineral intake. A study performed in
Japan has demonstrated the relation between depressive
symptoms in working adults aged 19 to 69 years and the
intake of minerals. It showed that higher intake of magnesium,
calcium, iron, and zinc was associated with lower depressive
symptoms, suggesting to augment the intake of those minerals
in diet [40].

The precedent findings suggest that the contents of food for
the elderly, e.g., water, minerals, vitamins, fiber, and proteins,
should be checked or supplemented to make sure there is a
higher input in comparison with that of a younger adult and
that the energy intake (due mainly to carbohydrates) must be
reduced to a minimum. A particular focus is put on some
vitamins and minerals due to their importance in the human
body in general and in elderly people in particular. These are
vitamins (A, C, D, E, K, B6, B12, folates), minerals (copper,
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iron, selenium, magnesium, manganese, zinc, calcium, sodi-
um, iodine), proteins, and water.

Nutritional Needs During Aging

Minerals

Intake of iron (Fe) in elderly must be checked to make sure it
meets the daily intake (Table 1) due to the fact that iron defi-
ciency is highly observed in aged people. In fact, studies
found the prevalence of anemia is 3 to 25% in the elderly
living in their communities. Anemia could lead to various
illnesses such as frailty and decreased physical performance,
reduced muscular strength with increased risk of falls, cogni-
tive decline and dementia, and increased mortality risk in lon-
gitudinal studies [57]. Iron is helped in its function in the
formation of hemoglobin by copper (Cu).

In comparison to Fe, Cu deficiency is not frequently report-
ed in the elderly; studies have instead reported an increase in
serum copper level. This increase has been investigated and it
has been demonstrated that Cu has an interconnection with
zinc (Zn) levels in the human body. In the elderly, the increase
in Cu levels might be due to nutritional intake, oxidative
stress, pro-inflammatory stimuli, and cellular senescence
[58]. The copper to zinc ratio (CZr) has been developed to
check the two nutrients and evaluate their effects on the hu-
man body. Recommendations have come out of such studies.
Indeed, it has been proven that a CZr over 2 in the elderly is
associated with an inflammatory response or a decreased nu-
tritional Zn status, with debilitating conditions, and with the
risk of cardiovascular disease death, malignancy, and all-cause
mortality [58]. The CZr should therefore regularly be con-
trolled in people aged 60 and over. The strong relation be-
tween zinc and copper is due to the fact that zinc is involved
in almost the same functions as Cu (Table 1).

Zinc (Zn) could be found in a variety of foods such as grain
products, milk and dairy products, meat and alternatives, and
fish and seafood (Table 1). A study performed in the elderly in
the USA has demonstrated a correlation between the levels of
Zn in blood and the immune system. Indeed, Zn supplemen-
tation significantly increased anti-CD3/CD28 and
phytohemagglutinin-stimulated T cell proliferation, and the
number of peripheral T cells [59]. Another study performed
in Australia has found that Zn supplementation in an elderly
population with low zinc status has induced a decrease in
genomic stability biomarkers, in the name of the micronucleus
frequency, the tail moment, the tail intensity, and the telomere
base damage [60]. In a study performed in a mouse model, Zn
deficiency induced aberrant immune cell activation and dif-
ferentiation in the absence of differentiation signal leading to
an enhanced (not needed) pro-inflammatory response of the
organism [61]. Those studies confirm the role of Zn in the
improvement of the immune system, and the protection of

cells against malign development. Just like Zn, selenium
(Se) helps the immune system and thyroid function (Table 1).

A study performed in the elderly Danish population to in-
vestigate the long effects of Se supplementation after 6 months
and 5 years has revealed a decrease of the total cholesterol
levels in the blood of patients supplemented in comparison
with the control group [62]. In a review describing the inves-
tigated effects of selenium and its derivative on epigenetics, it
has been found that, among other effects, Se caused a revers-
ible alteration of the cell heterochromatin status and also
changed the DNA methylation status of individual genes with
roles in fetal development, including Hnf4α (hepatocyte nu-
clear factor 4α), Aebp2 (AE binding protein 2), Prickle 2
(prickle homolog 2), and Rnd2 (Rho family GTPase 2), with-
out compromising the cell potential to form embryonic bodies,
showing an interesting link between Se and tissue-specific
differentiation. In the same review, Se has been described like
other nutrients, to induce or to be associated with changes to
histone marks, thereby possibly affecting health outcomes.
Interference of nutrients with histone marks can principally
occur through modulation of histone-modifying enzyme
activity/expression and via interference with substrate avail-
ability. But studies reviewed are not sufficient to establish the
clear effects of selenium on epigenetics [63]. Another study
performed in Sweden to check the effect of Se and Q10 sup-
plementation over 4 years in elderly people on cardiovascular
mortality has shown a decreased mortality due to cardiovas-
cular disease. Besides, 6 years after the 4 years supplementa-
tion, the reduced mortality due to cardiovascular disease was
also maintained [64••]. Selenium (Se) just like manganese
(Mn), iodine (I), and magnesium (Mg) could be found in ce-
reals and also in other types of food (Table 1).

Mn and I are also implied in neuronal activities, as sug-
gested by their role and functions (Table 1). In a review on
studies investigating the relationship between Alzheimer’s
disease (AD) and mild cognitive impairment (MCI), a meta-
analysis of the studies has shown that patients with AD and
MCI have low Mn serum levels in comparison to the controls
[65]. Concerning iodine, both its deficiency and excess are
generally observed in aged people, leading to hypothyroidism
or hyperthyroidism and auto-immune thyroid disease [66]. It
suggests that in comparison with many other nutrients where
deficiency is highly observed in the elderly, in the case of
iodine, serum levels should be checked before emphasizing
any means to augment its level in the organism (Table 1).

Calcium and magnesium are the two most important diva-
lent intracellular cations in the organism [50]. They have syn-
ergistic effects in a certain number of biochemical reactions
and physiological functions in the human body [67].

Both of them could be provided by different types of food
and also through supplements (Table 1). Mg supplements
have, in fact, been used in clinical trials. For example, healthy
elderly women were supplemented with Mg in a region of
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Table 1 Vitamin and mineral needs in the elderly. μg micrograms, mg milligrams, > superior to, < inferior to

Mineral/
vitamin

Age Daily need Sources Role in the human body

Men Women

Iron > 51 8–45 mg Vegetables and fruits (spinach, tomato,
edamame and baby soybeans, lima beans,
asparagus, hearts of palm, potato with skin,
snow peas, turnip or beet greens, prune juice,
apricots, beets, kale, green peas); grain
products; cereals; meat and poultry; fish and
seafood; beans; eggs [41, 42]

Formation of hemoglobin (binds oxygen and
transports it all over the body) in red blood
cells

Main component of enzymes named
cytochromes (oxidative metabolism;
synthesis of steroid hormones and bile acids;
detoxification of foreign substances in the
liver; signal controlling in some
neurotransmitters, such as the dopamine and
serotonin systems in the brain) [43, 44]

Copper > 51 900–10,000 μg Organ meats (beef, lamb, goose, duck liver and
kidneys); seafood (mollusks, oysters); nuts
(almonds, cashews); seeds; whole grains
(soy, beans); cocoa [41, 42]

Active site of many metalloenzymes:
ceruloplasmin (a plasma glycoprotein,
antioxidant), dopamine-β-monooxygenase
(conversion of dopamine to norepinephrine),
cytochrome-c-oxidase (terminal
mitochondrial electron carrier), lysyl oxidase
(oxidative deamination of peptidyl lysine),
Cu-Zn-superoxide dismutase (cytosolic
protein speeding up the dismutation of
superoxide) and tyrosinase (conversion of
tyrosine into melanin)

Synthesis of white cells [45]

Zinc > 51 11–40 mg Grain products (wheat, cereals, rice); milk and
dairy products (cheese, yoghurt); meat and
alternatives (liver, beef, veal, lamb, pork,
turkey, chicken, baked beans,
tempeh/fermented soy product, sunflower
seed, cashew, tofu); fish and seafood (oysters,
carbs, octopus, lobster, anchovies, shrimp)
[41, 42]

Major metabolic pathways concerned with
protein, lipid, carbohydrate, and energy
metabolism and essential for cell division
and, consequently, for growth, tissue repair,
and normal reproductive development

Normal growth and development for all ages
Immune system and wound healing [43]

Selenium > 51 55–400 μg Vegetables and fruits (mushrooms); grain
products (couscous); milk and dairy products
(cheese, yoghurt, milk); meat and poultry
(liver, bacon, chicken, beef, lamb); nuts and
seeds; fish and seafood (halibut, herring, bass,
cod, mackerel, tilapia, tuna, oysters, pike or
grayling, salmon, sardines, crab) [41, 42]

Antioxidants’ reactions: component of one of
the most important enzymes of such
reactions, glutathione peroxidase

Immune system and the thyroid function [42]

Manganese > 51 2.3 mg 1.8 mg Oats, wheat, pecans, soybeans, rye, barley,
quinoa, garlic, cloves, brown rice [41, 42]

Cofactor for a variety of enzymes, including
arginase, glutamine synthetase (GS),
pyruvate carboxylase, and Mn-dependent
superoxide dismutase (Mn-SOD) which play
important roles in development, digestion,
reproduction, antioxidant defense, energy
production, immune response, and regulation
of neuronal activities [46]. MnSOD plays a
major role in the antioxidant system of the
organism, due to its location in the
mitochondria where it scavenges the
superoxide O-

2 [47]
Essential component of the superoxide

dismutase mimetic manganese (III) tetrakis
(92)-benzoic acid porphyrin (MnTBAP), an
antioxidant which has been shown to limit
weight gain during short-term high-fat
feeding without preventing insulin resistance
and also to treat pre-existing obesity and
insulin resistance in mice [48]

Iodine > 51 150–1800 μg Cereals grains; fish (haddock, cod, plaice,
salmon fillet, canned tuna); shellfish (prawns,

Essential component of thyroid hormones,
essential to brain development [49]
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Table 1 (continued)

Mineral/
vitamin

Age Daily need Sources Role in the human body

Men Women

scampi); eggs, meat and poultry, bread, fruits,
vegetables; fortified cereals [41, 42]

Magnesium > 51 320–350 mg Fruits and vegetables (tamarind, spinach, pear,
Swiss chard, okra); grain products (cereals,
quinoa); cereals (peas, soybeans, soy nuts,
lentils); nuts and seeds (almonds, cashews,
pine nuts, sunflower seeds, sesame seeds,
hazelnuts); fish and seafood (salmon,
chinook, halibut, mackerel, pollock, crab)
[41, 42]

Complexation with ATP, required for many
enzymes such as kinases which are involved
in phosphorylation reactions that transfer a
phosphoryl group from ATP to an acceptor
molecule [50] Carbohydrate metabolism:
regulation of rate-limiting enzymes involved
in glycolysis, glucose homeostasis, and
insulin action including both insulin receptor
responses (tyrosine kinases) and the
insulin-signaling cascade

Stabilizing role for proteins, nucleic acids, and
biological membranes

Bone metabolism/remodeling: calcium
absorption, i.e., calcitonin stimulation,
parathyroid hormone secretion, osteoblast
adhesion, and bone formation [50]

Intracellular signaling: regulation of ion
channels and transportation, processes which
are important for muscular and neuronal
excitability and activity [50]

Calcium 51–70 1200–2000
mg

Milk and milk products (fat-free or low-fat),
some forms of tofu, dark-green leafy
vegetables (collard greens and kale),
soybeans, canned sardines and salmon with
bones, calcium-fortified foods and calcium
supplements (calcium citrate and calcium
carbonate) [41, 42]

Vascular contraction, vasodilation, muscle
functions (maintenance and integrity of
skeletal muscles), bone formation, nerve
transmission (control of nerve excitability),
intracellular signaling, and hormonal
secretion [51]

> 51 1200–2000 mg

> 71 1200–2000
mg

B6 > 50 1.7 mg 1.5 mg Fortified cereals, whole grains, organ meats
(liver), fortified soy-based meat substitutes
[41, 42]

Catabolic metabolism (leading to the generation
of energy) and anabolic metabolism
(resulting in the construction and
transformation of bioactive molecules) [52]B12 > 50 2.4 μg Meat, fish, poultry, milk, and fortified cereals

[41, 42]

B9 > 50 400 μg Dark-green leafy vegetables like spinach, beans,
and peas, fruits like oranges and orange juice,
and folic acid from fortified flour and fortified
cereals [41, 42]

C > 50 45 mg Fruits (citrus fruits and juices, cantaloupe,
honeydew melon, cherries, kiwi fruits,
mangoes, papaya, strawberries, tangelo,
watermelon) and vegetables (tomatoes,
cabbage, broccoli, Brussels sprouts,
beansprouts, cauliflower, kale, mustard
greens, red and green peppers, peas,
tomatoes, potatoes), supplements [41, 42]

Exists in the human body under the form of
ascorbate which acts as a co-substrate of
many enzymes essential to the functioning of
the human body: redox balance (donation of
electrons); recycling mechanisms (avoid loss
of antioxidants through dismutation
reactions); neuronal differentiation,
maturation, and survival (increase the
expression of genes involved in the process);
catecholamines (dopamine and
norepinephrine) biosynthesis (modulation of
the neurotransmission, learning and
memory), etc. [53]

A 50–65 300 μg 270 μg Vitamin A is found in animal products
(glandular meats, liver and fish liver oils, egg
yolk, whole milk and dairy products, fortified
cereals, fortified condiments, fortified fats
and oils). Pro-vitamin A carotenoids are
found in green leafy vegetables (spinach,
amaranth, and young leaves from various
sources); yellow vegetables (pumpkins,

Normal functioning of the visual system
Growth and development
Maintenance of epithelial cellular integrity,

immune function, and reproduction [44]

> 65 300

Table 1
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Italy for over 12 weeks and their physical performance inves-
tigated during a randomized controlled trial. Results have
shown a clear amelioration of the Short Physical
Performance Battery (SPPB) in the treated group in compari-
son with the controlled group, with more evident results with
participants with a deficiency in the recommended dietary Mg
intake [68]. In a clinical study run in Mexico to evaluate the
effect of magnesium supplementation in adults aged 30 to
65 years old with hypomagnesemia and newly diagnosed with
prediabetes, plasma glucose levels have been reduced, and the
glycemic status of the adults improved [69]. An observational
study in elderly men (40 to 86 years old) presenting acute
aortic dissection was carried out in Milan for over 19 years.
Levels of Mg and Calcium (Ca) were investigated and found
to be lower in the sick elderly men group in comparison with
the healthy control group. In addition, levels of all the pro-
coagulant and pro-inflammatory mediators analyzed, includ-
ing sP-sel, D-dimer, TNF-α, IL-6, and CRP, were high. The
findings suggest that lowMg and Ca in acute aortic dissection

elderly patients may contribute to altering normal endothelial
physiology and also concur in changing the normal concen-
trations of different mediators involved in vasodilatation and
constriction, associated with acute aortic dissection [67].

In a published review where many of such studies involv-
ing Ca have been meta-analyzed, it came out that Ca supple-
ments have helped prevent fracture (total and vertebral) in
some studies, but data were not sufficient to consistently af-
firm that Ca supplement can prevent the risk of fracture in the
elderly [70]. The result is supported by another review on the
role of combined vit D and calcium. Indeed, vitamin D has
been reported to facilitate absorption of Ca in various studies,
suggesting the synergistic effect both could have on bone
formation. However, the review by analyzing all the studies
on fractures in elderly and effects of Ca or vit D, or both, did
not find a correlation between the supplementation of vit D
and Ca and its effects in the elderly on fracture prevention
[71••]. Based on these facts, the long-aged recommendation
about simultaneous supplementation of vit D and Ca to keep

Table 1 (continued)

Mineral/
vitamin

Age Daily need Sources Role in the human body

Men Women

squash, and carrots); yellow and orange
non-citrus fruits (mangoes, apricots, and
papaya); red palm oil; indigenous fruits
(burití and thatis in Brazil, gấc in Vietnam),
fortified food [41, 42]

D 50–70 600–4000 IU Fatty fish, fish-liver oils, fortified milk and milk
products, and fortified cereals [41, 42]

Homeostasis of calcium and phosphorus
(necessary for proper bonemineralization and
in nerve conduction and all general cellular
functions of the body)

Muscular system (stimulation of the
proliferation and differentiation of muscle
cells)

Modulation of the transcription of cell cycle
proteins which decrease cell proliferation and
increase cell differentiation of a number of
specialized cells of the body (e.g.,
osteoclastic precursors, enterocytes,
keratinocytes, etc.) [44, 54]

> 70 800–4000 IU

E > 50 15–1000 mg Vegetables (spinach leaves, dandelion leaves,
tomatoes, chard, turnip leaves, red pepper);
fruits (avocado); cereals; eggs; fish and sea
fruits (eel, herring, sardines, tuna); nuts and
seeds (kernels, hazelnuts, peanuts, pine nuts,
Brazil nuts); meats, fats, and oils (vegetable
oils); fortified oils and cereals, supplements
[41, 42]

Prevention of oxidative stress: α-tocopherol
prevents the formation of new radicals and
Ω-tocopherol scavenges and neutralizes the
already formed radicals

Protection of cell membrane
Immunity (regulation of platelet aggregation

and protein C kinase activation) [55]

K 51–65 55 μg 65 μg Vegetables (spinach leaves, dandelion leaves,
cabbage, chard, turnip leaves, mustard leaves,
beet leaves, lettuce, onion); vegetable oils
(peanut oil, corn oil, sunflower oil, and
safflower oil); fruits (kiwi, rhubarb, avocado,
cornflower); eggs, meat, tuna, soybeans;
fortified oils and cereals [41, 42]

Blood clotting, calcium transport, bone density,
and prevention of calcium deposits on blood
vessels [56]

> 65 65 μg

Table 1
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bones strong and healthy needs to be interrogated and inves-
tigated further in the different ages so that clear recommenda-
tions could be made.

Those nutrients are altogether needed as they increase syn-
ergistic reactions. Recommendations are made on the daily
intakes, but in some cases, the daily intakes should not exceed
as they might lead to other health injuries (Table 1).

Vitamins

VitaminD is amember of other types of nutrients called vitamins
which are also essential in older ages. They exist in two types:
hydro-soluble vitamins (vitamin B complex group and vitamin
C) and liposoluble vitamins (vitamins A, D, E, and K).

Vitamins B1 (thiamine), B2 (riboflavin), B3 (niacin), B5
(pantothenic acid), B6 (pyridoxine), B7 (biotin), B9 (folate),
and B12 (cobalamin) form the group of B complex vitamins.
Among them, vitamins B6, B9, and B12 have driven importance
because they have been discovered to have synergistic interac-
tion in the recycling of homocysteine in the methionine cycle.
And, homocysteine levels were noticeably high in the plasma of
people suffering from cardiovascular disease, Alzheimer’s, and
dementia, due to the absence or deficiency of the recycle of
homocysteine by those three vitamins [52]. Consequently, vita-
mins B6, B9, and B12 are the ones among B complex vitamins
to be primarily recommended in the elderly, to prevent or reduce
the severity of the preceding diseases (Table 1). In contradiction
to this recommendation, a clinical study performed in Hong
Kong, to investigate the effect of supplementation in vitamin
B12 on cognitive decline in diabetic elderly patients with bor-
derline vitamin B12 status, came to the conclusion that vit B12
did not reduce cognitive decline in those patients [72]. However,
a rushing conclusion could not be drawn because the trial has not
investigated the simultaneous supplementation effect of the three
vitamins (vitamins B6, B9, and B12) on cognitive decline.
Besides, one study is not sufficient to question the recommen-
dation made. Vitamins B6, B9, and B12 could be found from a
variety of sources: fruits, vegetables, cereals, etc. (Table 1).
Vitamin C is also involved in neurophysiology where it plays
different functions (Table 1). The daily intake could be achieved
through supplementation and/or food sources (Table 1).

In contrast to vitamin B group and vitamin C; vitamins A, D,
E, and K are fat-soluble vitamins.

Vitamin A (retinol) has been demonstrated in vitro to possess
anti-aging effects on naturally aged skin in vivo through im-
provement of the homeostasis of epidermis and dermis by stim-
ulating the proliferation of keratinocytes and endothelial cells,
and activating dermal fibroblasts [73]. Vitamin A has also been
clinically proven to have effects on cancer cells. For example,
polymer-stabilized nanoparticles from synthetic retinoid
ST1926-NP (synthetic retinoid ST1926, a derivative of vitamin
A) were proven to express an antitumor effect in acute myeloid
leukemia in xenograft mice [74]. By performing a post-mortem

study on elderly patients who died from ischemic cardiovascular
disease (ICVD), Lima and collaborators have found that ICVD-
increased body weight and liver weight were due to a failure in
the storage of retinol in the liver [75].

In a review on studies carried out on the second liposoluble
vitamin, vitaminD relation and frailty in aged people, it came out
that low levels of this vitamin increased the risk of frailty in the
elderly [76]. Another review, which meta-analyzed published
data investigating the relation between the vitamin D and diabe-
tes in older people, found that the risk of diabetes was higher in
patients with low levels of vitamin D [77]. The same type of
review studying the relation between systemic inflammation and
vitamin D shows in a certain degree that supplementation of
vitamin D improved the inflammatory status. But the data inves-
tigated are not sufficient and well documented to make a clear
connection between elderly inflammatory status improvement
and levels of vitamin D in the serum.

Vitamin E or tocopherol, the third liposoluble vitamin, has
various functions (Table 1). The role of vitamin E in immunity
was demonstrated by an in vitro study performed on polymor-
phonuclear leukocytes (PMNs, leukocytes involved in the fight
against disease, particularly infectious diseases) isolated from
young and older patients suffering from pulmonary infection.
After isolation, PMNswere treatedwithα-tocopherol and drawn
to migrate across lung epithelial cells after infection by
Streptococcus pneumoniae. Results obtained showed that
PMNs treated with α-tocopherol were more efficient in killing
the bacteria in comparison with their younger counterparts and
with the controls [78]. A review on vitamin E and Alzheimer’s
disease presented several researches where vitamin E has been
demonstrated to reduce the decline of cognitive abilities in aged
people and also Alzheimer’s disease [79].

Vitamin K, the last one of the vitamin ADEK group, exists
under 3 natural forms and one synthetic: vitamin K1, vitamin
K2, menaquinone-7 (MK-7); vitamin K2, menaquinone-4 (MK-
7), and vitamin K3 (menadione, synthetic). In a clinical research
run in the Mediterranean area to study the relation between vita-
min K levels and mortality in aged people at risk of cardiovas-
cular disease (CVD), it was found that by augmenting intake of
vitamin K, the risk of cancer, CVD, and all-cause mortality was
lower [80]. In a case-control study investigating the relation be-
tween hip fracture in the elderly and their status of vitamins K
and D, it was discovered that those vitamin levels were lower in
hip fracture patients compared with controls [81].

Vitamins are also essential in the nutrition of elderly peo-
ple. They also act synergistically with minerals to prevent
aged people from a certain number of deficient physiological
conditions and ailments.

Protein Intake, Fiber Intake, and Rehydration

Aged people reduce their physical activities with conse-
quences on muscles [82]. Indeed, decreased physical activity
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associated with aging leads to the deterioration of muscle
mass and function called sarcopenia [82]. Sarcopenia is accel-
erated by chronic and acute illnesses [83–85]. Moreover, aged
people suffer poor appetite at the same time, reducing their
protein intake [86]. Older adults, with limited resources, re-
duced appetite, and physical and environmental limitations,
could find it challenging to consume high-quality proteins
regularly [87]. It is noteworthy that aging does not impair
the ability to synthesize muscle protein after consumption of
high-quality protein-rich food [88, 89]. Experts therefore rec-
ommend older adults to consume between 25 and 30 g of
high-quality protein at each meal [90].

National surveys of dietary intake highlight that the dietary
fiber consumption of older adults is often lower than recom-
mended levels [91]. Fiber-rich meals are known to provide not
only nutrients such as vitamins, minerals, and antioxidants,
but they also are sources of benefits such as improved gastric
motility, improved glycemic control, and reduced cholesterol
[92]. There is a need to carefully evaluate frail older adults and
those with poor appetite in order to prevent high-fiber diets
from leading to excess satiety which in itself could lead to
overweight [92]. Fluid intake should be considered as well
in both recommendations and evaluations on nutritional status
[92]. Indeed, adequate water consumption is also important
with aging, as the body becomes less able to recognize dehy-
dration signs. Daily water consumption is set to prevent the
effects of dehydration by replacing normal daily losses [91].
Daily total (from drinks and food) fluid recommendations
range from 2.5 to 3.4 L for men and from 2 to 2.8 L for women
[93–95].

Factors Affecting Food Intake: Disability, Caregiver,
Living Arrangements, and Physical Activities

Disability often affects diet quality. Physical functioning prob-
lems are more frequent in older people than in younger ones
[96]. It was reported that 42% of people aged 65 years suffered
a functional limitation with higher proportions of women and
poor people [96, 97]. Some diseases like stroke (20% of the
survivors), diabetes (11%), and ischemic heart disease (10%)
increase the risk of functional limitations in older adults who
require help in performing activities of daily living (ADLs)
[98]. Moreover, 7% of older adults living with arthritis require
help performing ADLs; given its prevalence in the elderly
(52%), the number of patients needing assistance is quite high
[98]. Older people living with disabilities should benefit of the
assistance of relatives or caregivers. It is therefore important
for the latter to be aware through sensitization and trainings of
the nutritional needs of the aged people. And it becomes im-
portant that persons taking care of the aged people are aware
of the types of alimentation they need. Senior housings are
rapidly growing, even if there are still gaps in their services
[92]. It is then a duty for public authorities to guarantee aged

people a minimum of adequate conditions. It was also
established that exercise counteracts depression, alterations
in gastrointestinal functioning, and anorexia which are com-
mon in older adults, especially those under therapies such as
corticosteroids [92].

Conclusion

Nutrients and their metabolites obtained from food intake con-
trol key biological processes including enzymatic activities,
energy balance, and genome stability throughout the life cy-
cle. As aging is the period when all these processes decline, a
strong connection has been made between nutrition and aging
or age-related disorders. This review about nutrition and aging
summarizes studies and researches discussing the role of nu-
trition on aging and age-related disorders and how these can
be mitigated by nutrients. The issue underscored the necessity
to have an appropriate diet to maintain a normal function of
the body without any-age related disorders. Interestingly, in-
take of macronutrients as proteins or micronutrients such as
magnesium, vitamins, and selenium is suggested to ensure
healthy aging and lifespan extension, since these have an im-
pact on aging factors including redox control, endocrine path-
way, and energy balance. The proportion of the elderly in the
world is currently at the highest level in the history of man-
kind, and it is estimated that this level will continue to grow
steadily, thus this urge for further investigation to identify the
molecular targets and pathways by which nutrition compo-
nents act to delay the aging process.

Acknowledgments The authors thank Yabalu Abacha for the language
proofreading.

Compliance with Ethical Standards

Conflict of Interest The authors received no financial support in the
writing of this manuscript.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. World Health Organization (WHO). Ageing and life-course: what is
healthy ageing? 2019. https://www.who.int/ageing/healthy-ageing/en.
Accessed 9 Mar 2019.

240 Curr Pharmacol Rep (2019) 5:232–243

https://www.who.int/ageing/healthy-ageing/en


2. ChengWH, Bohr A, de Cabo R. Nutrition and aging. Mech Ageing
Dev. 2010;131(4):223–4.

3. Hong X, Yan J, Xu L, Shen S, Zeng X, Chen L. Relationship
between nutritional status and frailty in hospitalized older patients.
Clin Interv Aging. 2019;14:105–11.

4. McCay CM, Crowell MF, Maynard LA. The effect of retarded
growth upon the length of life span and upon the ultimate body
size: one figure. J Nutr. 1935;10(1):63–79.

5. Agha M, Agha R. The rising prevalence of obesity: part A: impact
on public health. Int J Surg Oncol (N Y). 2017;2(1):e17. https://doi.
org/10.1097/IJ9.0000000000000017.

6. Strehler BL. Time, cells and aging. New York: Academic; 1962.
7. Medvedev ZA. An attempt at a rational classification of theories of

ageing. Biol Rev Camb Philos Soc. 1990;65(3):375–98.
8. Hayflick L. The limited in vitro lifetime of human diploid cell

strains. Exp Cell Res. 1965;37(3):614–36.
9. Carlson JC, Riley JC. A consideration of some notable aging theo-

ries. Exp Gerontol. 1998;33(1–2):127–34.
10. Colman J. Leaders in modern gerontology: Denham Harman takes

on the free radicals. Humanity magazine. 2009. Available online at
http://hplusmagazine.com/2009/07/14/leaders-modern-
gerontology-denham-harman-takes-free-radicals/. Accessed 19
Mar 2019.

11. Harman D. The biologic clock: the mitochondria? J Am Geriatr
Soc. 1972;20(4):145–7.

12.•• Harman D. Aging: a theory based on free radical and radiation
chemistry. J Gerontol. 1956;11(11):298–300. This article is one
of the first to give theories underlying the aging process.

13. Gerschman R, Gilbert D, Nye SW, Dwyer P, Fenn W. Oxygen
poisoning and x-irradiation: a mechanism in common. Science.
1954;119(3097):623–6.

14. Barouki R. Ageing free radicals and cellular stress. Med Sci (Paris).
2006;22(3):266–72.

15. Haleng J, Pincemail J, Defraigne JO, Charlier C, Chapelle JP.
Oxidative stress. Rev Med Liege. 2007;62(10):628–38.

16. Carriere A, Galinier A, Fernandez Y, Carmona MC, Penicaud L,
Casteilla L. Physiological and physiopathological consequences of
mitochondrial reactive oxygen species. Med Sci (Paris).
2006;22(1):47–53.

17. Roussel AM, Nève J, Hininger I. In: Delattre JB, Bonnefont-
Rousselot D, editors. Radicaux libres et stress oxydant - Aspects
biologiques et pathologiques. Paris: Lavoisier; 2007.

18. Sanchez-Roman I, Barja G. Regulation of longevity and oxidative
stress by nutritional interventions: role of methionine restriction.
Exp Gerontol. 2013;48(10):1030–42.

19. Lee C, Longo V. Dietary restriction with and without caloric restric-
tion for healthy aging. F1000Res. 2016;5. https://doi.org/10.12688/
f1000research.7136.1.

20. Speakman JR, Mitchell SE. Caloric restriction. Mol Asp Med.
2011;32(3):159–221.

21. Mattson MP. Lifelong brain health is a lifelong challenge: from
evolutionary principles to empirical evidence. Ageing Res Rev.
2015;20:37–45.

22. Weindruch R, Naylor PH, Goldstein AL,Walford RL. Influences of
aging and dietary restriction on serum thymosin alpha 1 levels in
mice. J Gerontol. 1988;43(2):B40–2.

23. Fontana L, Partridge L, Longo VD. Extending healthy life span–
from yeast to humans. Science. 2010;328(5976):321–6.

24. LintonMF, Yancey GP, Davies SS, Jerome G, Linton FE, Song LW,
et al. The role of lipids and lipoproteins in atherosclerosis. available
online at: https://www.ncbi.nlm.nih.gov/books/NBK343489/.
Accessed 3 Jan 2019.

25. Mair W, Dillin A. Aging and survival: the genetics of life span
extension by dietary restriction. Annu Rev Biochem. 2008;77:
727–54.

26. Barja G. The gene cluster hypothesis of aging and longevity.
Biogerontology. 2008;9(1):57–66.

27. Lee CK, Weindruch R, Prolla TA. Gene-expression profile of the
ageing brain in mice. Nat Genet. 2000;25(3):294–7.

28. Welle S, Brooks A, Thornton CA. Senescence-related changes in
gene expression in muscle: similarities and differences between
mice and men. Physiol Genomics. 2001;5(2):67–73.

29. Kayo T, Allison DB, Weindruch R, Prolla TA. Influences of aging
and caloric restriction on the transcriptional profile of skeletal mus-
cle from rhesus monkeys. Proc Natl Acad Sci U S A. 2001;98(9):
5093–8.

30. Poirier AA, Aubé B, Côté M, Morin N, Di Paolo T, Soulet D.
Gastrointestinal dysfunctions in Parkinson’s disease: symptoms
and treatments. Parkinsons Dis. 2016;2016:6762528. https://doi.
org/10.1155/2016/6762528.

31. Rydwik E, Frändin K, Akner G. Effects of a physical training and
nutritional intervention program in frail elderly people regarding
habitual physical activity level and activities of daily living - a
randomized controlled pilot study. Arch Gerontol Geriatr.
2010;5(3)1):283–9.

32.• Collard RM, Boter H, Schoevers RA, Oude Voshaar RC.
Prevalence of frailty in community-dwelling older persons: a sys-
tematic review. J Am Geriatr Soc. 2012;60(8):1487–92. This re-
view article gives an overview of one most important physio-
logical consequence due to aging: fraility.

33. Sirven N, Rapp T. The cost of frailty in France. Eur J Health Econ.
2017;18(2):243–53.

34. European Commission E. Multidimensional aspects of population
ageing. Population ageing in Europe: facts, implications and poli-
cies: outcomes of EU-funded research. Luxembourg: Publications
Office of the European Union. 2014. Available online at https://ec.
europa.eu/research/social-sciences/pdf/policy_reviews/
kina26426enc.pdf, Accessed 12 Mar 2019.

35. Cameron D, Fairhall N, Gill L, Lockwood K, Langron C, Aggar C,
et al. Developing interventions for frailty. Adv Geriatr. 2015;2015:
7p. https://doi.org/10.1155/2015/845356.

36. Fairhall N, Langron C, Sherrington C, Lord SR, Kurrle SE,
Lockwood K, et al. Treating frailty-a practical guide. BMC Med.
2011;9:83 p. https://doi.org/10.1186/1741-7015-9-83.

37. Yoshida M, Ryo S, Takeshi K. Nutrition and oral status in elderly
people. Jpn Dent Sci Rev. 2014;50(1):9–14.

38. Shilpa AKS, Manisha S. Changes during aging and their associa-
tion with malnutrition. J Clin Gerontol Geriatr. 2015;6:78–84.

39. Baffy N, Foxx-Orenstein AE, Harris LA, Sterler S. Intractable con-
stipation in the elderly. Curr Treat Options Gastroenterol.
2017;15(3):363–81.

40. Miki T, Kochi T, Eguchi M, Kuwahara K, Tsuruoka H, Kurotani K,
et al. Dietary intake of minerals in relation to depressive symptoms
in Japanese employees: the Furukawa Nutrition and Health Study.
Nutrition. 2015;31(5):686–90.

41. National Institute on Aging. Healthy eating: vitamins and minerals.
available online at: https://www.nia.nih.gov/health/vitamins-and-
minerals. Accessed 27 Mar 2019.

42. Canadian Nutrient File (CNF). Dietary reference intakes. https://
food-nutrition.canada.ca/cnf-fce/index-eng.jsp. Accessed 13 Mar
2019.

43. Expert Group on Vitamins andMinerals (EVM). The final report of
the Expert Group on Vitamins and Minerals. Safe upper levels for
vitamins and minerals. 2003. Available online at: https://cot.food.
gov.uk/sites/default/files/vitmin2003.pdf. Accessed 13 Mar 2019.

44. World Health Organization and Food and Agriculture Organization.
Expert consultation on human vitamin and mineral requirements.
2012. Available online at: https://apps.who.int/iris/bitstream/
handle/10665/42716/9241546123.pdf;jsessionid=47C2143CF834
CFC8D89C8CEAAD857A0E?sequence=1, website accessed 14th
March 2019.

Curr Pharmacol Rep (2019) 5:232–243 241

https://doi.org/10.1097/IJ9.0000000000000017
https://doi.org/10.1097/IJ9.0000000000000017
http://hplusmagazine.com/2009/07/14/leaders-modern-gerontology-denham-harman-takes-free-radicals/
http://hplusmagazine.com/2009/07/14/leaders-modern-gerontology-denham-harman-takes-free-radicals/
https://doi.org/10.12688/f1000research.7136.1
https://doi.org/10.12688/f1000research.7136.1
https://www.ncbi.nlm.nih.gov/books/NBK343489/
https://doi.org/10.1155/2016/6762528
https://doi.org/10.1155/2016/6762528
https://ec.europa.eu/research/social-sciences/pdf/policy_reviews/kina26426enc.pdf
https://ec.europa.eu/research/social-sciences/pdf/policy_reviews/kina26426enc.pdf
https://ec.europa.eu/research/social-sciences/pdf/policy_reviews/kina26426enc.pdf
https://doi.org/10.1155/2015/845356
https://doi.org/10.1186/1741-7015-9-83
https://www.nia.nih.gov/health/vitamins-and-minerals
https://www.nia.nih.gov/health/vitamins-and-minerals
https://food-nutrition.canada.ca/cnf-fce/index-eng.jsp
https://food-nutrition.canada.ca/cnf-fce/index-eng.jsp
https://cot.food.gov.uk/sites/default/files/vitmin2003.pdf
https://cot.food.gov.uk/sites/default/files/vitmin2003.pdf
https://apps.who.int/iris/bitstream/handle/10665/42716/9241546123.pdf;jsessionid=47C2143CF834CFC8D89C8CEAAD857A0E?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/42716/9241546123.pdf;jsessionid=47C2143CF834CFC8D89C8CEAAD857A0E?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/42716/9241546123.pdf;jsessionid=47C2143CF834CFC8D89C8CEAAD857A0E?sequence=1


45. HefnawyA, Elkhaiat MH. The importance of copper and the effects
of its deficiency and toxicity in animal health. IJLR. 2015;5(12).
https://doi.org/10.5455/ijlr.20151213101704.

46. Chen P, Bornhorst J, Aschner M. Manganese metabolism in
humans. Front Biosci (Landmark Ed). 2018;23:1655–79.

47. Bresciani G, da Cruz IB, González-Gallego J. Manganese superox-
ide dismutase and oxidative stress modulation. Adv Clin Chem.
2015;68:87–130.

48. Brestoff JR, Brodsky T, Sosinsky AZ, McLoughlin R, Stansky E,
Fussell L, et al. Manganese [III] tetrakis [5,10,15,20]-benzoic acid
porphyrin reduces adiposity and improves insulin action in mice
with pre-existing obesity. PLoS One. 2015;10:e0137388. https://
doi.org/10.1371/journal.pone.0137388.

49. Młyniec K, Gaweł M, Doboszewska U, Starowicz G, Pytka K,
Davies CL, et al. Essential elements in depression and anxiety.
Part II. Pharmacol Rep. 2015;67(2):187–4.

50. Glasdam SM, Glasdam S, Peters GH. The importance of magne-
sium in the human body: a systematic literature review. Adv Clin
Chem. 2016;73:169–93.

51. Beto JA. The role of calcium in human aging. Clin Nutr Res.
2015;4(1):1–8.

52. Kennedy DO. B vitamins and the brain: mechanisms, dose and
efficacy-a review. Nutrients. 2016;8(2):68. https://doi.org/10.
3390/nu8020068.

53. Figueroa-Méndez R, Rivas-Arancibia S. Vitamin C in health and
disease: its role in the metabolism of cells and redox state in the
brain. Front Physiol. 2015;6:397. https://doi.org/10.3389/fphys.
2015.00397.

54. Zadka K, Pałkowska-Goździk E, Rosołowska-Huszcz D. The state
of knowledge about nutrition sources of vitamin D, its role in the
human body, and necessity of supplementation among parents in
Central Poland. Int J Environ Res Public Health. 2018;15(7):1489.

55. Saliha R, Raza ST, Faizal A, Absar A, Shania A, Farzana M. The
role of vitamin E in human health and some diseases. Sultan
Qaboos Univ Med J. 2014;14(2):157–65.

56. Schwalfenberg GK. Vitamins K1 and K2: the emerging group of
vitamins required for human health. J Nutr Metab. 2017;2017:1–6.
https://doi.org/10.1155/2017/6254836.

57. Girelli D, Giacomo M, Camaschella C. Anemia in the elderly.
HemaSphere. 2018;2(3):e40. https://doi.org/10.1097/HS9.
0000000000000040.

58. Malavolta M, Piacenza F, Basso A, Giacconi R, Costarelli L,
Mocchegiani E. Serum copper to zinc ratio: relationship with aging
and health status. Mech Ageing Dev. 2015;151:93–100.

59. Barnett JB, Dao MC, Hamer DH, Kandel R, Brandeis G, Wu D,
et al. Effect of zinc supplementation on serum zinc concentration
and T cell proliferation in nursing home elderly: a randomized,
double-blind, placebo-controlled trial. Am J Clin Nutr. 2016;103:
942–51.

60. Sharif R, Thomas P, Zalewski P, Fenech M. Zinc supplementation
influences genomic stability biomarkers, antioxidant activity, and
zinc transporter genes in an elderly Australian population with low
zinc status. Mol Nutr Food Res. 2015;59:1200–12.

61. Wong CP, Rinaldi NA, Ho E. Zinc deficiency enhanced inflamma-
tory response by increasing immune cell activation and inducing
IL6 promoter demethylation. Mol Nutr Food Res. 2015;59:991–9.

62. Cold F, Winther KH, Pastor-Barriuso R, Rayman MP, Guallar E,
Nybo M, et al. Randomised controlled trial of the effect of long-
term selenium supplementation on plasma cholesterol in an elderly
Danish population. Br J Nutr. 2015;114(11):1807–18.

63. Speckmann B, Grune T. Epigenetic effects of selenium and their
implications for health. Epigenetics. 2015;10(3):17990.

64.•• Alehagen U, Aaseth J, Alexander J, Johansson P. Still reduced
cardiovascular mortality 12 years after supplementation with sele-
nium and coenzymeQ10 for four years: a validation of previous 10-
year follow-up results of a prospective randomized double-blind

placebo-controlled trial in elderly. PLoS One. 2018;13(3):
e0193120. https://doi.org/10.1371/journal.pone.0193120. This
article presents the results of a clinical trial performed in the
elderly: 12 years after supplemmentation with selenium and
coenzyme Q10, the cardiovascular mortality is still reduced in
the elderly.

65. Du K, Liu M, Pan Y, Zhong X, Wei M. Association of serum
manganese levels with Alzheimer’s disease and mild cognitive im-
pairment: a systematic review and meta-analysis. Nutrients.
2017;9(3):231.

66. Callejas LMS, Orlander PR. Iodine intake and healthy aging. In:
Malavolta M, Mocchegiani E, editors. Molecular basis of nutrition
and aging. Cambdrige: Academic; 2016.

67. Vianello E, Dozio E, Barassi A, Sammarco G, Tacchini L,
Marrocco-TrischittaMM, et al. A pilot observational study onmag-
nesium and calcium imbalance in elderly patients with acute aortic
dissection. Immun Ageing. 2017;14(1):1. https://doi.org/10.1186/
s12979-016-0083-y.

68. Veronese N, Berton L, Carraro S, Bolzetta F, De RuiM, Perissinotto
E, et al. Effect of oral magnesium supplementation on physical
performance in healthy elderly women involved in a weekly exer-
cise program: a randomized controlled trial. Am J Clin Nutr.
2014;100(3):974–81.

69. Guerrero-Romero F, Simental-Mendía LE, Hernández-Ronquillo
G, Rodriguez-Morán M. Oral magnesium supplementation im-
proves glycaemic status in subjects with prediabetes and
hypomagnesaemia: a double-blind placebo-controlled randomized
trial. Diabetes Metab. 2015;41(3):202–7.

70. Bolland MJ, Leung W, Tai V, Bastin S, Gamble GD, Grey A, et al.
Calcium intake and risk of fracture: systematic review. BMJ.
2015;351:h4580. https://doi.org/10.1136/bmj.h4580.

71.•• Zhao JG, Zeng XT, Wang J, Liu L. Association between calcium or
vitamin D supplementation and fracture incidence in community-
dwelling older adults. A systematic review and meta-analysis.
JAMA. 2017;318(24):2466–82. This review by performing a
meta-analysis on papers published on supplementation in cal-
cium or vitamin D and the incidence of fracture, does not find a
relation between the supplementation and the absence or re-
duction of fractures in the elderly.

72. Kwok T, Lee J, Ma RC, Wong SY, Kung K, Lam A, et al. A
randomized placebo controlled trial of vitamin B. Clin Nutr.
2017;36(6):1509–15.

73. Shao Y, He T, Fisher GJVJJ, Quan T. Molecular basis of retinol
anti-aging properties in naturally aged human skin in vivo. Int J
Cosmet Sci. 2017;39(1):56–65.

74. El-Houjeiri L, Saad W, Hayar B, Aouad P, Tawil N, Abdel-Samad
R, et al. Antitumor effect of the atypical retinoid ST1926 in acute
myeloid leukemia and nanoparticle formulation prolongs lifespan
and reduces tumor burden of xenograft mice. Mol Cancer Ther.
2017;16(10):2047–57.

75. Lima IOL, Peres WAF, Cruz S, Ramalho A. Association of ische-
mic cardiovascular disease with inadequacy of liver store of retinol
in elderly individuals. Oxidative Med Cell Longev. 2018;2018:
9785231. https://doi.org/10.1155/2018/9785231.

76. Bruyère O, Cavalier E, Buckinx F, Reginster JY. Relevance of
vitamin D in the pathogenesis and therapy of frailty. Curr Opin
Clin Nutr Metab Care. 2017;20(1):26–9.

77. Lucato P, SolmiM,Maggi S, Bertocco A, BanoG, Trevisan C, et al.
Low vitamin D levels increase the risk of type 2 diabetes in older
adults: a systematic review andmeta-analysis. Maturitas. 2017;100:
8–15.

78. Ghanem Bou EN, Lee JN, Joma BH, Meydani SN, Leong JM,
Panda A. The alpha-tocopherol form of vitamin E boosts elastase
activity of human PMNs and their ability to kill. Front Cell Infect
Microbiol. 2017;7:161. https://doi.org/10.3389/fcimb.2017.00161.

242 Curr Pharmacol Rep (2019) 5:232–243

https://doi.org/
https://doi.org/10.1371/journal.pone.0137388
https://doi.org/10.1371/journal.pone.0137388
https://doi.org/10.3390/nu8020068
https://doi.org/10.3390/nu8020068
https://doi.org/10.3389/fphys.2015.00397
https://doi.org/10.3389/fphys.2015.00397
https://doi.org/10.1155/2017/6254836
https://doi.org/10.1097/HS9.0000000000000040
https://doi.org/10.1097/HS9.0000000000000040
https://doi.org/10.1371/journal.pone.0193120
https://doi.org/10.1186/s12979-016-0083-y
https://doi.org/10.1186/s12979-016-0083-y
https://doi.org/10.1136/bmj.h4580
https://doi.org/10.1155/2018/9785231
https://doi.org/10.3389/fcimb.2017.00161


79. Cervantes B, Ulatowski LM. Vitamin E and Alzheimer’s disease-is
it time for personalized medicine. Antioxidants (Basel). 2017;6(3).
https://doi.org/10.3390/antiox6030045.

80. Juanola-Falgarona M, Salas-Salvadó J, Martínez-González MÁ,
Corella D, Estruch R, Ros E, et al. Dietary intake of vitamin K is
inversely associated with mortality risk. J Nutr. 2014;144(5):743–
50.

81. Torbergsen AC, Watne LO, Wyller TB, Frihagen F, Strømsøe K,
Bøhmer T, et al. Vitamin K1 and 25(OH)D are independently and
synergistically associated with a risk for hip fracture in an elderly
population: a case control study. Clin Nutr. 2015;34(1):101–6.

82. Evans WJ. Protein nutrition, exercise and aging. J Am Coll Nutr.
2004;23(6 Suppl):601S–9S.

83. Morley JE, Argiles JM, Evans WJ, Bhasin S, Cella D, Deutz NE,
et al. Nutritional recommendations for the management of
sarcopenia. J Am Med Dir Assoc. 2010;11(6):391–6.

84. Bauer J, Biolo G, Cederholm T, Cesari M, Cruz-Jentoft AJ, Morley
JE, et al. Evidence-based recommendations for optimal dietary pro-
tein intake in older people: a position paper from the PROT-AGE
Study Group. J Am Med Dir Assoc. 2013;14(8):542–59.

85. Cruz-Jentoft AJ, Franco A, Sommer P, Baeyens JP, Jankowska E,
Maggi A, et al. Silver paper: the future of health promotion and
preventive actions, basic research, and clinical aspects of age-
related disease–a report of the European Summit on Age-Related
Disease. Aging Clin Exp Res. 2009;21(6):376–85.

86. Lacey K, Pritchett E. Nutrition care process and model: ADA
adopts road map to quality care and outcomes management. J Am
Diet Assoc. 2003;103(8):1061–72.

87. Chernoff R. Protein and older adults. J Am Coll Nutr. 2004;23(6
Suppl):627S–30S.

88. Symons TSS, Cocke T, Chinkes D, Wolfe R, Paddon-Jones D.
Aging does not impair the anabolic response to a protein-rich meal.
Am J Clin Nutr. 2007;86(2):451–6.

89. Symons TB, Sheffield-Moore M, Mamerow MM, Wolfe RR,
Paddon-Jones D. The anabolic response to resistance exercise and
a protein-rich meal is not diminished by age. J Nutr Health Aging.
2011;15(5):376–81.

90. Paddon-Jones D, Rasmussen BB. Dietary protein recommendations
and the prevention of sarcopenia. Curr Opin Clin Nutr Metab Care.
2009;12(1):86–90.

91. Institute of Medicine. Dietary reference intakes for energy, carbo-
hydrate, fiber, fat, fatty acids, cholesterol, protein, and amino acids.
Washington, DC: The National Academies Press; 2005. https://doi.
org/10.17226/10490.

92. Bernstein MMN. Position of the Academy of Nutrition and
Dietetics: food and nutrition for older adults: promoting health
and wellness. J Acad Nutr Diet. 2012;112(8):1255–77.

93. World Health Organization. Nutrients in drinking water. 2005;
http://www.who.int/water_sanitation_health/dwq/nutrientsindw.
pdf. Accessed 19 Mar 2019.

94. Institute of Medicine. Dietary reference intakes for water, potassi-
um, sodium, chloride, and sulfate. Washington, DC: The National
Academies Press; 2005. https://doi.org/10.17226/10925.

95. European Food Safety Authority Journal. Panel on Dietetic
Products. Scientific opinion on dietary reference values for water.
EFSA J. 2010;8(3):1459. https://doi.org/10.2903/j.efsa.2010.1459.

96. United States Environmental Protection Agency. Older Americans
2016 key indicators of well-being. Federal Interagency Forum on
Aging-Related Statistics 2016; 179 p. http://www.agingstats.gov/
agingstatsdotnet/. Accessed 27 Mar 2019.

97. Disease Control and Prevention. QuickStats: percentage of adults
aged greater than or equal to 65 years limited in activities of daily
living (ADLs), by poverty ratio and number of limitations—
National Health Interview Survey, United States, 2003-2007.
2019. http://www.cdc.gov/mmwr/preview/mmwrhtml/mm584
1a5.htm. Accessed 13 Mar 2019.

98. Pfizer facts. Health status of older adults. Findings from the
National Health and Nutrition Examination Survey (NHANES)
1999–2004, the National Health Interview Survey (NHIS) 2005,
and the Compressed Mortality File (CMF). 2003. http://www.
pfizer.com/files/products/. Accessed 27 Mar 2019.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Curr Pharmacol Rep (2019) 5:232–243 243

https://doi.org/10.3390/antiox6030045
https://doi.org/10.17226/10490
https://doi.org/10.17226/10490
http://www.who.int/water_sanitation_health/dwq/nutrientsindw.pdf
http://www.who.int/water_sanitation_health/dwq/nutrientsindw.pdf
https://doi.org/10.17226/10925
https://doi.org/10.2903/j.efsa.2010.1459
http://www.agingstats.gov/agingstatsdotnet/
http://www.agingstats.gov/agingstatsdotnet/
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm584%201a5.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm584%201a5.htm
http://www.pfizer.com/files/products/
http://www.pfizer.com/files/products/

	Aging and Nutrition: Theories, Consequences, �and Impact of Nutrients
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Nutritional Process Underlying Aging
	Aging and Physiological Consequences
	Nutritional Needs During Aging
	Minerals
	Vitamins
	Protein Intake, Fiber Intake, and Rehydration

	Factors Affecting Food Intake: Disability, Caregiver, Living Arrangements, and Physical Activities

	Conclusion
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



