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Abstract Basically, our lifespan is determined genetically.
However, several other parameters such as the environment, lifestyle and diet have a high impact on living in the
best of health. Many older persons suffer from various
diseases, which often cannot be avoided; however, their
development can be postponed and symptoms can be
mitigated by a balanced diet, moderate physical activity as
well as a healthy lifestyle. These diseases are, for example,
sarcopenia (degenerative loss of muscle mass), osteoporosis
(decomposition of bone structure), digestive restrictions,
sensory impairment, water imbalance or a compromised
immune system. Psychological modifications, obesity and
loss of weight also commonly occur in older adults. To
define an adequate diet for elderly between the ages 50 and
80 is difficult, even impossible, because the nutritional
requirements differ between the dynamic quinquagenarian
and the frailer eighty-year-old. However, several studies
have shown that sufficient consumption of high-quality
proteins, calcium, vitamin D, anti-oxidative food compounds, water as well as adapted energy values and
nourishment with high-nutrient density in combination with
physical activity especially help one to remain healthy to a
great age. The cornerstone of healthy ageing is the
maintenance of normal bodyweight in order to prevent the
development of diseases such as osteoporosis, coronary
heart disease or diabetes type 2. This publication will
review the physiological changes that occur with advanced

D. Gille (*)
Federal Department of Economic Affairs FDEA,
Agroscope Liebefeld-Posieux ALP,
Schwarzenburgstrasse 161,
3003 Bern, Switzerland
e-mail: doreen.gille@alp.admin.ch
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Introduction
The steadily growing elderly population expects and is
expected to remain healthy, active and fit as long as possible.
The reasons for the increase in size of this age group are
manifold—a decrease in infant mortality, adequate food
supply, improved medical services accessible to all social
classes of the population and the successful fight against
contagious diseases through new medical technologies or
more effective drugs. These are only some of the positive
developments that lead to longevity. In many cases, a
lengthening of life is accompanied by loss of independence,
mobility, sensory faculties, as well as increasing disabilities
and functional impairments including cardiovascular disease,
arthritis, osteoporosis, neurodegenerative disorders or cancer
[1]. In order to attain a great age in the best of health, the
elderly are not only urged to do sports and remain physically
and mentally active, but also to maintain a healthy diet.
However, many elderly people fail to consume a balanced
diet, which provides them adequate amounts of macro- and
micronutrients as well as energy. On the one hand, this may
be due to psychological and economic changes such as
loneliness, depression, low income or a small pension, lack
of cooking skills and suspicion of new foods. On the other
hand, nutritional needs of elderly persons change due to
various physiological modifications, which occur with aging
(e.g., body composition, the gastrointestinal tract, water
balance and bone health). Often, they do not know about
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these changes and fail to adapt their caloric needs, which
results in an imbalanced diet. Thus, it is of utmost concern to
inform and elucidate older people about a proper lifestyle
and diets for healthy ageing.
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recommendations are summarised in Table 1; the functions
and importance of minerals and vitamins are shown in
Figs. 2 and 3.
Unfortunately, some bodily functions such as a decline in
cardiac output, lung capacity and kidney function can only be
slightly improved by nutrition or lifestyle improvements [10].

Body composition and caloric needs
A commonly occurring change—independently of whether
the person is of normal weight, underweight or overweight—
is sarcopenia, which is a degenerative loss of active skeletal
muscle mass accompanied by the replacement of muscle
fibres with fat or even connective tissue. Its multifactorial
aetiology includes protein undernutrition, rheumatoid
arthritis, Parkinson's disease, chronic infections or inflammation [2]. Since body fat tissue shows no significant
metabolic activity, this shift reduces the basal metabolic rate
and finally the total energy requirements of older people.
Decreases in vitality, strength, immune-activity and mobility
are further physiological sequelae of these changes [3] as
well as the elevated risk of developing obesity, which
especially affects the younger elderly (“sarcopenic obesity”)
[3, 4]. Many inflammatory cytokines, such as tumour
necrosis factor, interleukin-6 and C-reactive protein originate
from this adipose tissue [5]. In addition, these cytokines
accelerate muscle catabolism and contribute to the vicious
cycle of sarcopenic obesity [6].
Another unfavourable structural alteration is the redistribution of fat tissue from peripheral to visceral, which in turn
leads to cardiovascular disease, diabetes, impaired glucose
tolerance [7] and high amounts of inflammatory cytokines
[5]. Finally, the elderly can prevent these occurrences by
consuming protein-rich foods (especially animal protein)
with a high-nutrient density. This ingestion favours the
synthesis of muscle tissue and counteracts the proliferation
of adipocytes. A further approach to prevent drastic
structural alterations is—depending on the physical activity
level of the individual—the adaptation of food energy values.
Generally, it is postulated that caloric ingestion should be
reduced by 10% between the ages 50 and 75 with an
additional 10–15% after 75. Over consumption (plus 500–
700 kcal/day) and overweight are not the only phenomenon.
Negative energy intake (minus 600–1,000 kcal/day), which
mainly affects individuals over 75, leading to malnutrition and
loss of weight, also plays an important role in elderly
nutrition. This may cause undesirable effects such as catabolic
metabolism, including losses of muscle and organ mass and
functions, symptoms of malnutrition and a dramatic loss of
bone mass.
An optimal energy balance has a high impact on elderly
health and well-being. Elderly nutrition should especially
focus on an adequate supply of minerals, vitamins, proteins
and nutrient density without an energy overload. The daily

Fat, protein and carbohydrate metabolism
Changes in protein metabolism
Proteins are essential nutritional compounds—not only for
the elderly population. The reason for their necessity is that
8 of the 20 constituent amino acids cannot be synthesised
by the human organism and, therefore, have to be provided
through food. Dietary protein affects multiple physiological
mechanisms, particularly muscle metabolism by stimulating
muscle protein synthesis from amino acids [11]. The
amount of new muscle protein depends on the quantity
and quality of ingested amino acids [12]. Whey and caseins
from milk as well as beef proteins are rich in essential
amino acids and are thus high-quality sources [13, 14].
Researchers showed that the ingestion of small amounts of
amino acids results in lower muscle protein synthesis in the
elderly than in younger persons. This might also explain the
development of sarcopenia. Elderly people can reduce the loss
of body protein by increasing the amount of dietary protein
intake [15]. Several studies even showed that a high quality
of ingested proteins elevates lean body mass and improves
strength and physical function in elderly persons [16–18].
A high protein intake also stimulates the secretion of
insulin-like growth factor 1 (IGF-1)—a compound which has
been shown to be lower in the elderly [19]. Low levels of
IGF-1 are thought to be responsible for diminished protein
synthesis rates and higher losses of muscle mass [20].
In addition, there are reports in the literature on the
beneficial effects of high-quality protein intake on bone
stability by increasing bone mineral density and its positive
influence on calcium metabolism [21]. Recent intervention
studies even demonstrated improvement in hypertension
and endothelial function of the arteries with adequate
amounts of protein [22, 23].
All these important functions show the necessity for a
satisfactory supply of protein. Exact intake recommendations
for the elderly are still not available because of a lack of
methods for their determination and numerous influencing
individual factors, such as variable lean body mass or physical
functions, but scientists believe that the recommendation for
adults (0.8 g high-quality protein/kilogram body weight/day)
is inadequate to maintain lean body mass in healthy elderly
individuals [24]. To receive enough essential amino acids,
researchers recommend that older people consume 1–1.5 g
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Table 1 Daily dietary recommendations for macro- and
micronutrients for the elder
generation 50+

Recommendations

Comments

High quality proteins in milk and meat

Fat −

Women, 1,800–2,000 kcal/day
Men, 2,300–2,500 kcal/day
0.8–1.0 g/kg body weight
44–58 g/day
30% of total energy

Carbohydrates −
Fibre +
Vitamin C −
Vitamin D +

50% of total energy/day
20–35 g/day
100 mg/day
5–10 μg/day

Vitamins B12 +
Folate −
Iron −
Zinc −
Calcium +
Magnesium +
Water

3 μg/day
400 μg folate equivalent/day
10 mg/day
7–10 mg/day
1,000 mg/day
300–350 mg/day
Approx. 1.5 L/day

Energy −
Protein +

A + symbolizes that the intake
should be increased in comparison to younger adults; − means
that the substance is not required
in higher doses in the elderly
Source: D–A–CH reference
values [8]
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protein (especially from animal sources because of their high
contents of essential amino acids) per kilogram body weight
per day, but this proposal remains to be verified [3].
Carbohydrate metabolism
The major condition for intact glucose homeostasis in both
older and younger individuals is a balance between insulin
secretion and tissue sensitivity to insulin. Normally, after
ingestion of simple carbohydrates, plasma glucose levels rise,
inducing the β-cells of the pancreas to release insulin. This
hormone is—besides other functions—responsible for the
uptake of glucose in muscles, liver and adipose tissue. Many
reports have shown that the insulin sensitivity of tissues
decreases with advanced age leading to hyperinsulinaemia,
hyperglycaemia, and in many cases, even to diabetes type 2
[25]. The impaired carbohydrate metabolism may be due to
(1) ageing, including the physiological changes of the
organism, (2) nutrition, (3) other age-related variables such
as hypertension, low physical activity levels, dyslipidiaemia
or (4) obesity.
On the one hand, several studies demonstrated that age has
little, if any effect on fasting glucose and insulin levels in
humans [26–28], and that the quantity of insulin secretion
does not significantly differ at different ages [29, 30]. But on
the other hand, there is substantial evidence that increasing
age is associated with decreased glucose tolerance. This
might be partly explained by higher body weight, which is a
commonly occurring phenomenon amongst the elderly, and
studies have shown that overweight individuals suffer more
from diabetes and impaired glucose tolerance than persons of
normal weight [7].

≤10% from saturated fat; ≤300 mg/day
dietary cholesterol, !!no complete waiving of fat!!
With low glycemic indexes
Fruit and vegetables, cereals, legumes
Fruit and vegetables
Exposure to sunlight and consumption of vitamin
D-rich food (esp. fish and fortified skim milk)
Component of lean red meat, chicken, skim milk
Green vegetables, wheat, beef liver
Meat, legumes, nuts
Red meat, oysters, wheat germ, whole grains
Milk and dairy products
Nuts, whole grain

Reports from the literature show that approximately
20% of the elderly are affected by diabetes type 2, where
a pre-existing condition is insulin resistance syndrome.
This syndrome mainly arises from muscle metabolic
dysfunction and changes in body composition [31, 32].
These dysfunctions and shifts are accompanied by a
decreased metabolic function of the whole metabolism
(especially mitochondria) leading to reduced overall
activity [33]. To prevent these adverse effects, older
individuals should minimise their intake of simple carbohydrates and consume foods with low glycemic indexes,
such as fibre-rich, poorly sweetened nourishment. In
particular, a combination of such a diet with high levels
of exercise is an effective means of reducing the risk of
diabetes type 2; this would preserve pancreatic β-cells and
limit the amount of released insulin because of lower
plasma glucose levels.
Fat metabolism
As already mentioned, ageing is associated with many
physiological modifications including an accumulation of
body fat. Researchers define the size of adipose tissue mass
as the balance between the release of lipid substances (i.e.
free fatty acids) from adipose tissue and their oxidation by
respiring tissues. The increase of body fat in elderly
individuals might be explained by the release of high
amounts of free fatty acids from adipose tissue, the reduced
capacity of respiring tissues (e.g. muscles) to oxidise free
fatty acids at rest [34], following a meal [35] and during
exercise [36] or even both. However, there is a lack of
expert knowledge on the exact causes and development of
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these metabolic processes. Figure 1 shows the age-related
changes in free fatty acid metabolism in older humans.
Until now, few animal or human studies have shown that
ageing affects the stimulation, release and activity of fat
metabolism-relevant hormones with a serious negative
impact on the rate of lipolysis, as well as whole body
composition [38]. One reason for this occurrence might be
the age-related reduced insulin release from pancreatic
tissue. Insulin is not only an important hormone in
carbohydrate metabolism, but also plays a fundamental
role in inhibiting and regulating the generation of free fatty
acids from adipocytes. In the early 1990s, Bolinder et al.
were already able to substantiate that ageing is accompanied
by reduced sensitivity of the anti-lipolytic effect of insulin in
adipocytes [39]. The dose-dependent suppression of free
fatty acids by insulin is also decreased in elderly persons
[37]. Finally, insulin resistance—a common occurrence in
older people—may be responsible for a high amount of free
fatty acids and subsequent modifications of metabolism.
The reduction in the capacity to oxidise fat and/or the size
of metabolically active tissue may be, as already mentioned,
a further reason for an accumulation of adipocytes in older
humans. A loss of fat-free organ mass might be due to
sarcopenia, a disease which is very common in the elderly.
Although muscles are not the only tissues with oxidising
capacities, they are the most studied—especially during
exercise. The focus of studies mostly concentrated on
muscle enzymes and their changes in activity and concentration. Researchers could show that enzymes involved in
β-oxidation of fatty acids (e.g. 3-hydroxyacyl-CoA dehydrogenase) and oxidative metabolism enzymes (citrate

Adipose Tissue

synthase, succinate dehydrogenase) decreased with age,
leading to decreased fatty acid oxidation [40, 41]. Another
partial explanation for the diminished oxidising capacity of
fat-free tissue is the absence of exercise in older persons
[36]. In several studies, the elderly were exposed to physical
training. The results revealed that exercise improved the
activity of enzymes and fat oxidation [36, 40, 42, 43]. Many
questions on this topic still remain unanswered, but it is an
incontrovertible fact that physical exercise and adapted
energy values reduce the accumulation of free fatty acids.
As regards nutrition for the elderly, about 30% of the
daily energy should derive from total fat, less than 10%
from saturated fat and less than 300 mg/day dietary
cholesterol. However, fat should not be completely
removed from the diet since it also serves important
functions in the human body, for example: (1) as a carrier
of vitamins and aromas, (2) as a contributor to satiety or (3)
as a provider and reserve of energy [44]. Furthermore,
conjugated linoleic acids improve body composition [45],
and essential fatty acids are precursors of hormones and
mediators [46].

Changes concerning the gastrointestinal tract
Physiological changes of the gastrointestinal tract
All digestive organs undergo age-dependent alterations, and
most of them take place in the stomach [47]. The blood
supply to the stomach mucosa deteriorates and the inner
epithelium loses activity. With greater age, the regeneration

Respiring Tissues

Metabolic effects of
non-oxidised FFAs

O2
Glucose uptake

FFA
release

VLDL-TG production

Ageing

Insulin clearance

FFA

O2

release

Glucose uptake
VLDL-TG production
Insulin clearance

Fig. 1 The figure presents the age-related changes concerning the
release of free fatty acids (FFA) and the capacity of tissues to oxidise
them. The metabolic effects of non-oxidised free fatty acids are also
shown. Advancing life-time is associated with an increase in adipose
tissue, a decrease in the mass of oxidative tissue and its capacity to

oxidise fat (O2). The amount of non-oxidised free fatty acids increases
in the elderly because of the enhanced release of free fatty acids in
excess of the energy needs or rather the oxidative capacity of respiring
tissues. Several adverse metabolic effects follow from non-oxidised
FFAs (Figure adapted from Toth et al. [37])
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of cells is limited by a decreased rate of cell division and
increased cell loss. These disabilities induce serious
consequences, such as reduced gastric acid production
[48]. This, in turn, diminishes the bioavailability of several
minerals (Ca, Fe) and vitamins, facilitates bacterial growth
(e.g. Helicobacter pylori) and reduces the formation of the
“intrinsic factor“ which is responsible for the absorption of
vitamin B12 [47]. Stomach motility also decelerates, and
gastrointestinal satiety factors increase in activity, leading
to reduced appetite in the elderly. Further consequences
are atrophy of tissue, ulceration and an overall limitation
of functions. Usually, these alterations are not noticeable
since they proceed slowly. In the beginning, the human
organism can compensate for mineral, vitamin and nutrient
deficiency by releasing reserves. But finally, reserves are
depleted and physiological sequelae, such as anaemia or
malnutrition or an overall declined physical state occurs.
The small intestine is basically affected by two types of
alteration: on the one hand, a decline in organ mass (e.g.
liver, pancreas) and on the other hand, an atrophic structural
change of the mucous membrane. Thus, the mucosal cells
exsiccate, and the inner layer of intestine becomes scaly,
resulting in impeded absorption of nutrients. The decrease in
liver and pancreas' organ mass finally leads to reduced
release of bile acids and digestive enzymes, such as lipases,
both of which are important factors in fat digestion.
Moreover, connective tissue replaces active cells of the
organs of metabolism, particularly the detoxification capacity
of the liver is perturbed. Furthermore, ageing decelerates gut
motility, leading to a higher frequency of obstipation.
Other organs of the gastrointestinal tract (GIT) are also
submitted to changes during ageing, but the magnitude of
alteration is more or less unimportant and functionally not
relevant compared to the changes in the stomach and small
intestine. However, for the most part, the digestive activity
and the capability of nutrient absorption in elderly persons
remain sufficient [47].
Changes in macronutrient absorption in the GIT
It has been shown that protein loss in faeces does not increase
in older individuals, which means that protein absorption is
not impaired, even if it is slower in comparison to younger
persons [49]. Reports from the literature show that there
are difficulties in evaluating changes in carbohydrate
absorption in the elderly. This is due to the enormous
numbers of bacteria, which multiply in the intestines of
older persons since they suffer from hypochlorhydria, a
deficiency of hydrochloric acid in the stomach [50]. Thus,
the carbohydrates are fermented (especially in the colon)
instead of being digested and absorbed in the jejunum
[51]. This fermentation is accompanied by flatulence,
diarrhoea, obstipation and abdominal cramps.
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Fat absorption is not greatly restricted by physiological
changes in the gastrointestinal tract, although some
enzymes (e.g. lipases) are less active with advancing age.

Water balance
Water is a key compound in sustaining human intra- and
extracellular metabolism at any time of life. For adults and
also for the elderly [8], 1.5–2 L of water per day are
recommended. But dehydration in humans of the older
generation is frequent and can be fatal if undiagnosed [52].
During ageing, the decline in lean body mass is accompanied
by a decrease in the water content of the organism. This
decrease in water can be up to 4 L of total body water for
men and 6 L for women (from the age 20 to 80). However,
hydration of the fat-free mass is not influenced by age. In
addition, the lack of sensation of thirst and the fact that
people forget to drink due to reduced cognitive and visual
functions at greater age can induce total water imbalance.
The fear of incontinence or prostate problems also facilitates
the limitation of water ingestion. A poor supply of water is
associated with infections, decreased endurance, a risk of
heat exhaustion, mental confusion, lassitude, muscular
weakness or even death [53]. Notably, a reduced water
supply negatively influences the electrolyte balance leading
to cardiovascular and hypertension disturbances as well as
impaired kidney performance [54].

Perturbed tasting and smelling
Humans have five different important senses to perceive the
environment: vision, hearing, feeling, smelling and tasting.
At the age of 25, some of these senses are already reduced
in quality. Although hardly noticeable, seeing and hearing
become limited. At the age of 55, the deterioration becomes
more perceivable. However, in general, before 60, the
elderly do not notice reduced olfactory or gustatory
functions. The loss of taste is due to a decline in olfactory
perception and a reduction in the tongue papillae for sweet,
salt, bitter and sour [55]. Thus, threshold values increase
[56], which may even result in a change in food patterns
and choice of groceries. This often leads to an overconsumption of unhealthy sweet and salty foods with crucial
impacts on elderly metabolism. But taste disorder is not
only due to the ageing process. Drugs, Alzheimer's disease
or stroke can also cause a reduction in taste sensation.
These diseases lead to changes in the oral mucosa (often
swelling), the quantity of salivation as well as caries and
tooth loss. Fifty percent of the elderly suffer from a deficit
of saliva and xerostomia (dryness of the mouth). All these
alterations result in a loss of appetite, difficulties in
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swallowing and chewing and bring about a loss in the
pleasure of eating. The loss of teeth especially is considered
to be one of the main reasons for an unhealthy diet because
of the disability to eat, for example, fruit, vegetables and
other solid foods [57].

Osteoporosis, calcium and vitamin D
Several factors are responsible for developing osteoporosis; a
disease accompanied by a decrease in bone density and bone
mass leading to a dangerously increased risk of various
fractures. Osteoporosis especially affects the femoral neck,
hands and backbone. Calcium and vitamin D deficiency, but
also drugs, changes in hormone levels during ageing, gastric
diseases and genetics are reasons for the loss of bone
structure [58]. Since resultant fractures may often cause
mobility restrictions, long-term care dependency or even
death, it is of substantial relevance to combine an adequate
supply of calcium (Ca) and vitamin D (not only during
childhood and adolescence, but throughout the whole of life)
with a high level of physical activity.
In the past, several studies demonstrated that a high intake
of calcium slows down the age-dependent degradation of
bones and helps to maintain bone health. Ideal sources of
this mineral are milk and dairy products as they also contain
Ca absorption-enhancing compounds such as lactose or
phospho-peptides [59, 60]. Additionally, scientists have
shown in animal studies that milk boosts calcium storage
in bones more effectively and longer than Ca supplements.
Researchers concluded that the positive effects result from a
decrease in bone resorption through direct interaction with
osteoclasts (bone-absorbing cells) as well as simultaneous
stimulation of cell proliferation and collagen synthesis in
osteoblasts (bone-forming cells) [61].
Similarly to calcium, vitamin D is also a key compound
regarding the maintenance of calcium metabolism and bone
health. Furthermore, reports from the literature describe its
influence on immune functions, cell differentiation, insulin
release and the secretion of thyroid hormone [62]. This
essential compound can be synthesised by skin during
exposure to sunlight (ultraviolet) or ingested via fatty fish
and milk. However, ageing reduces vitamin D production
by different factors. On the one hand, 7-dehydrocholesterol,
which is a precursor of the vitamin, is less concentrated in
elderly persons [62]. On the other hand, the rate of vitamin
synthesis by ageing skin decreases. Furthermore, the elderly
stay more and more rarely outdoors, and consequently,
exposure to sunlight decreases [63]. In the past, researchers
ascertained that 60 % of hip-fracture-patients suffer from
extensive vitamin D deficiency, whereas an adequate daily
vitamin D supply would even decrease the risk of hip
fracture by 25% [64]. Other nutritional compounds
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concerning bone health are proteins, which seem to interact
synergistically with calcium [3] and in addition increase
bone mineral density. The enhancement of muscle mass by
physical exercise and high protein intake contribute in part
to the static and dynamic balance of the elderly leading to a
minimised risk of accident and bone fractures [21].
Magnesium, a regulator of active Ca transport, and vitamin
K, an important co-factor for several bone-proteins, are also
compounds which improve bone health [65, 66].
Despite all these preventive measures, it is not possible
to avoid bone degradation completely—but at least, it can
be limited and decelerated, especially by increasing the
consciousness of this disease in adolescents and young
adults.

Coronary heart disease and metabolic syndrome
Although some of the chronic diseases of the elderly occur as
a result of the ageing process, lifestyle factors are also
important. An absence of physical activity and inappropriate
diet are the major modifiers of risk factors leading to coronary
heart diseases (CHD), obesity, diabetes and osteoporosis [1].
Coronary heart disease and stroke are the most frequent
causes of mortality and morbidity in older adults [67]. The
risk factors are widespread and include obesity, dyslipidaemia,
hypertension and diabetes as parameters of the metabolic
syndrome, but also smoking and low levels of physical
activity [68, 69]. In the course of normal ageing, the vascular
walls thicken leading to the development of hypertension
and decreased maximal heart rate under stress. Further
occurrences are endothelial damage, fibrotic changes of the
arterial capillary, reduced elasticity of the vascular walls and
diminished blood flow. Finally, these arteriosclerotic changes
may lead to heart attacks and strokes.
A reduced intake of total fat is a cornerstone in reducing
the risk for CHD, including arterial damage, lipoprotein
disorders or high blood pressure. Furthermore, helpful
compounds against CHD are folate, vitamins B6 and B12,
omega-3 fatty acids, which decrease platelet aggregation,
vitamin C and E and phytochemicals, which are antioxidants
for lipoproteins, DNA and cell membrane phospholipids
[70, 71]. Other vitamins and their functions, which are
often deficient in the elderly, are summarised in Fig. 2.

Immune system
Prolonged age is associated with increased inflammation
and oxidative stress or free radicals which are generated
during normal physiological reactions such as respiration,
immune reactions and energy metabolism [72]. The human
body has developed several mechanisms to remove free
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Fig. 2 The figure shows a
variety of vitamins and their
functions [9]. Older individuals
are often deficient in these
vitamins

Vitamin B6
• metabolism of amino acids

Vitamin B1

• synthesis of
neurotransmitter

• control of energy and
carbohydrate meatabolism

• synthesis of precursors for
hemoglobin

• adherence of functionality
of cardiovascular system
and nervous system

• synthesis of antibodies and
leukocytes

Vitamin D

Vitamin B12

• stimulates
absorption of Ca

• regeneration of mucous
membrane

• regulates Ca and P
metabolisms

• cell division

Elderly
people

• dental health
• bone health

• synthesis of blood
• nerval funtions
• activates folic acid
• decreases homocysteine
levels (with folic acid + B6)

Folic acid
• cell division and growth

Vitamin C

• nerval functions

• development of connective
tissue and bone

• protection against CHD
and some cancers

• immune system
• enhances iron absorption
• antioxidant

Fig. 3 The importance and
functions of magnesium,
potassium, iodine, zinc and
calcium for various clinical and
physiological parameters for the
elderly are shown [9]. Elderly
individuals often suffer from a
lack of these five minerals

Magnesium
• nerval functions
• muscle contraction
• stabilisation of bone tissue
• dental health

Calcium

• activates enzymes

• bone health

• synthesis of DNA

Potassium

• nerval functions

• regulation of water
houshold, osmotic pressure
and acid-base metabolism

• muscle activation

• nerval functions

• dental health

• blood clotting

Elderly
people

• muscle activation
• cell growth

Zinc
• immune system

Iodine

• appetite

• compound of hormones

• wound healing

• involved in metabolism

• reducing oxidative stress
• retinal health
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radicals and to find the optimal balance between oxidative
and anti-oxidative capacities. However, the anti-oxidative
capacities are more and more insufficient with ageing, leading
to increased cell damage. As regards the immune function,
there is evidence for a decline in primary and peripheral
lymphoid tissue. These processes are accompanied by thymic
atrophy and the replacement of hematopoietic bone marrow
by adipose tissue. Furthermore, ageing is characterised by
impaired activity of immune defence and functional deficits of
immune cells [73]. T-cells, for example, release smaller
amounts of cytokines and B-cells produce much less
antibodies. In addition, the elderly are more vulnerable to
infections and tumour formation [74].
It is well-recognized that a balanced diet has a beneficial
impact on the immune system. Trace elements (selenium,
zinc, iron) and vitamins (A, E, C) as well as polyunsaturated
omega-3 fatty acids are vitally important. An adequate
supply of these micronutrients can improve the oxidative
balance. On the other hand, they also enhance the immune
function by protecting the immune cells from reactive oxygen
and nitrogen species, which are generated by the organism
during defence against pathogens and cell respiration, for
example. However, the intake of micronutrients via a
balanced nutrition especially seems to have better effects on
immune health than high dosage supplements [75, 76].
Since nutrition also influences body composition, it can
also decrease the risk of increased inflammatory response
by decreasing the proportion of fat to lean body mass. Also
amino acids, the modules of proteins, contribute to the
maintenance of an intact immune system by ensuring the
generation of the scavenger glutathione, for example. A
high impact on beneficial intestinal bacteria, which boost
immune properties, could be demonstrated by synbiotica
(probiotica and prebiotica) [77].

Conclusion—which diet for the aged?
All these explanations point out that lifestyle and nutrition
throughout life have a great impact on the ageing
processes. A balanced diet in childhood and adolescence
already contributes to high life expectancy and low
susceptibility to illness. One of the most important factors
for continual good health over the years is the prevention
of being overweight, underweight or obese since these
changes lead to many life-time-reducing diseases such as
diabetes type 2, hypertension, dyslipidaemia, cardiovascular
disease or osteoporosis. A useful and effective way for
weight reduction is a combination of nutrition (food with
high-nutrient density and low energy values, with low
glycemic indexes, beneficial fatty acids and diets with a
high anti-oxidative potential) and physical activity with the
aim of loosing fat and gaining muscle mass. Fruit and
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vegetables can be especially recommended because of
their anti-oxidative components as well as their vitamin
contents. Also, foods rich in fibres have beneficial
impacts on health. Of great importance are protein-rich
foods such as milk/dairy products and moderate amounts
of meat [78]. Furthermore, the elderly must have an
adequate supply of water as well as minerals and vitamins,
whose functions are shown in Figs. 2 and 3. Besides all
these recommendations, older persons should not waive
delicious foods with refined taste, which they should eat
with pleasure.
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