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Nutritinal well-being is a fundamental aspect for the health, autonomy and therefore the quality of life of all people,
but expecially of the elderly. Old patients are particularly at risk of malnutrition, due to the multiple etiopathogenetic
factors which can lead to a reduction in intake of nutrients, a progressive loss of functinal autonomy with
dependence on food, psychological problems related to economic or social isolation, e.g. linked to poverty or
loneliness. Gasteointestinal changes in aging involve motor function and therefore intestinal transit, mechanical
breackdown of food and his chemical digestion. These alterations progressively lead to the reducede ability to

supply the body with adequate quantities of nutrients, with the consequent development of malnutrition.

malnutrition nutrition elderly gastrointestial diseases

| 1. Introduction

Healthy Aging has been identified by the World Health Organization as a work priority and a policy framework has

been designed to make older people well-being and able to live independently in society 2.

Old age is characterized by a reduced regenerative and adaptive capacity resulting in an easier development of

morbidity; one prerequisite for wellbeing and have a good quality of life is to maintain an adequate nutritional status
(2131,

It is estimated that at least half of non-institutionalized elderly people need nutritional intervention to improve their

health and that 85% have one or more chronic diseases that could get better with correct nutrition &,

Although prevalence estimates are highly variable, in relation to the population considered and the tool
administered for its assessment, malnutrition in the elderly is reported from 3% in the community setting up to 50%
6 in particular, its incidence varies from 12% to 50% in hospitalized old patients and from 23% to 60% in
institutionalized older people [EIEI10]

Weight loss, due to lack of macronutrients or increased catabolism, represent the initial step of a catabolic process
which may cause a high morbidity and mortality.

Old people patients are particularly at risk of malnutrition, due to multiple etiopathogenetic factors (changes in
metabolism and organic function, a decline in physiological reserves associated with aging processes, chronic

diseases and drug polypharmacy) which can lead to a reduction or utilization in intake of nutrients, a progressive
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loss of functional autonomy with dependence on food, psychological problems related to economic or social

isolation, e.g. linked to poverty or loneliness!2,

Although gastrointestinal function undergoes modest changes with aging 22, it is possible that there may still be
alterations in the intake and assimilation of nutrients; it follows that a geriatric patient is defined on the basis of his

fragility and the presence of chronic diseases, rather than by a specific age [23I[14J15][16][17][18]

| 2. Definition and Causes of Malnutrition

Malnutrition is described by different organizations as the condition of being poorly nourished, caused by a lack of

one or more nutrients (undernutrition) or an excess of these ones (overnutrition) 1920121]

A definition of malnutrition universally accepted has not yet defined [22. According to The European Society for
Clinical Nutrition and Metabolism (ESPEN-2015), malnutrition can be defined as “a state resulting from lack of
intake or uptake of nutrition that leads to altered body composition (decreased fat free mass) and body cell mass

leading to diminished physical and mental function and impaired clinical outcome from disease” (23],

In 2017 Enteral Nutrition in Geriatrics by the European Society of Clinical Nutrition and Metabolism (ESPEN) have
defined the guidelines for geriatric patients, and established that malnutrition is characterized by the presence of

weight loss (due to a catabolic state) and/or low BMI, representing depleted physiological stores(24!,

In 2019, the result of a consensus of more than 70 national scientific societies represented by the 4 most important
clinical nutrition societies (ESPEN, ASPEN, FELANPE and PENSA) published the Global Leadership Initiative on
Malnutrition (GLIM) (25,26), with the aim of identifying criteria for malnutrition that can be used on a global scale in
all clinical contexts. It considers three phenotypic criteria that are weight loss, low body mass index and reduced
muscle mass - and two etiological criteria: reduced food intake or assimilation and inflammation due to disease /
acute injury or related to chronic diseases. The presence of at least one phenotypic and one etiological criterion
determine the diagnosis of malnutrition, with subsequent use of different thresholds of the criteria for the

classification of its severity [221(26],

Furthermore, there are numerous ongoing evaluation studies on GLIM criteria
There are three types of weight loss, that are wasting, cachexia, and sarcopenia.
Wasting is due to insufficient dietary intake and leads to involuntary weight loss.

Cachexia is due to induced catabolic processes, with the production of proinflammatory cytokines such as
interleukin-1 (IL-1), tumor necrosis factor alpha (TNF-alpha), IL-6 and others playing a predominant role; the main

consequence is a reduction of lean mass and body cell mass 27,
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Sarcopenia was defined by the European Working Group on Sarcopenia in Older Persons (EWGSOP) as a loss of
muscle mass with concomitant loss of muscle strength or physical performance; these two features can often occur

together, and have been defined with a new term "malnutrition sarcopenia syndrome " (28],

The etiology is poorly understood, but an important role is due to physical inactivity, induction of a proinflammatory

response and dysregulation of anabolic hormones, such as testosterone or growth hormone22221[23],

The consequence of malnutrition is protein catabolism with rapid wasting of skeletal muscles, lower muscle mass,
reduced muscle strength. At the same time, there could be a reduced dietary protein intake [223% with decreased
bone mineral mass. The result is an impaired musculoskeletal function, increased disability and with reduced
physical performance and an increased risk of falling, with possible consequent osteoporosis and osteoporotic
fractures [28],

Malnutrition also leads to impaired immune function], with reduced cell-mediated immunity, and increased risk of
infection and delayed healing (11,

The main cause is to be found in a reduced and / or unbalanced dietary intake, due to many causes that can be
devided in three main categories: physiological, psychological and social. In developed countries the main factor of
malnutrition is disease 32,

| 3. Pathophysiology of Undernutrition

Age is able to induce changes in the function of all organs and human physiological processes 23!

 Intestinal function with reduction of sensory perceptions, salivation, chewing, absorption of nutrients and lactose
tolerance

 Brain function with cognitive impairment and Alzheimer's disease

e Body composition with loss of lean mass (especially in skeletal muscle tissue, defined as sarcopenia) and
increase in fat mass with variation in its distribution

e Balance of fluids

» Bones and joints with osteoporosis and/or arthritis with consequent increased risk of falls and fractures

» Metabolism with type 2 diabetes mellitus and dyslipidemia

» The cardiovascular system with various diseases.

e Cell growth with cancer (cancer in the elderly grows more slowly because it has a slower rate of cell

development than in the young) 23

| 4. The Aging Gastrointestinal Tract

The gastrointestinal system represents the primarily and largest area of contact with environmental factors and

ingested pathogens.
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The regular functioning of the gastrointestinal tract is essential for maintaining good health of the body, as it

guarantees absorption of nutrients and drugs, and protection against external pathogens.

Futhermore, the multi-organ system that composes the gastrointestinal tract has large reserve capacity, and thus

there is little changes in gastrointestinal function because of aging in absence of specific disease 12

Nevertheless, some older older people can show a reduction of gastrointestinal functions, including immune
function [B4I33] with a greater frequency of bacterial and viral gastrointestinal infections compared to young people.
Aging is associated with structural and functional alterations of mucosal defense, increased oxidative stress,

reduced ability to generate protective immunity, and increased incidence of inflammation and autoimmunity 28!,

Furthermore, in the elderly the response to infection is often exacerbated by malnutrition BZ: in fact, low-grade
chronic inflammation can derive from the enteric environment but with consequences even at a distance from the
intestine, leading to fragility, sarcopenia, degenerative disorders affecting various organic systems, including the

central nervous system .

Table 1 shows the functional and/or organic changes that gastrointestinal tract may undergo with aging and the

possible nutritional repercussions.

Table 1. Changes with aging in gastrointestinal organ function and resulting alterations of nutrient status.

Organ Function Change with Aging Nutrient Alteration
Gastric acid secretion Decreased with atrophic gastritis Decreased absorpnc_m Of. folate and protein-
bound vitamin B 12
. . Slow liquid and mixed solid-liquid Decreased bioavailability of mineral, vitamins
Gastric motility . : . .
emptying. Preserved solid emptying and protein
smallintestine Minor changes in structure. No clinical significance

structure and motility

Increased bacterial synthesis of folate.
Possible decrease fat-soluble vitamin
absorption

Small intestine Bacterial overgrowth in small bowel
microflora owing to atrophic gastritis

Reduced capacity for bicarbonate

. No clinical significance
and enzyme production

Pancreatic secretion

Modified by Saltzman, J.R. and Russel, R.M. The aging gut, Gastroenterol. Clin. N. Am. 1998, 27, 309-324 [21],

| 5. Adverse Consequences of Underutrition

Aging associated with malnutrition leads to a progressive deterioration of health in the elderly, with a consequent

decrease in physical and functional abilities and greater vulnerability of the patient, dependence in the activities of
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daily life, poor quality of life and greater morbidity and mortality [2&l.

Malnutrition also negatively affects the outcome of therapies because it reduces the immune response with a
consequent increase in infections and delay in healing, reduces muscle mass, favoring inactivity and dependence,

with psychological consequences leading to depression with relative possible loss of appetite B2,

Elderly subjects tested with BMI, weight loss and food intake have consistently showed an association between
mortality and malnutrition or nutritional risk 42411,

5.1. Nervous System
Neurodegenerative diseases and altered cognitive functions may be the cause but also the result of malnutrition.

In particular, an association between cognitive deficits and/or depressive symptoms and low levels of vitamin B6,

folate, vitamin B12, and polyunsaturated fatty acids (PUFAs) was found in old people 2,

The brain has an high metabolic activity therefore it is often subject to oxidative stress with possible damage to

neural tissue 431,

Futhermore, antioxidant nutrients may therefore play more relevant roles in the aging brain than in other organs

because of the reduction in the number of antioxidant enzymes required for neuronal protection.

This is why a insufficient intake of antioxidant nutrients, typical of malnutrition or poor-quality diets, can therefore

negatively affect cognitive function 441,

The only micronutrient with antioxidant properties promising to be protective on cognitive activities is vitamin E 4!
5],

Vitamins B9 and B12 are also nutrient cofactors able to modulate neurocognitive development and

neurodegeneration (481471,
5.2. Muscoskeletal System
In healthy adults, muscle accounts for over half of total organic protein.

In the elderly, the muscles undergo a reduction in the number, size and contractility of muscle fibers as well as fat
infiltration of the skeletal muscle

These deteriorations, associated to increased body fat, systemic low-level inflammation and oxidative stress,
contribute to further changes in the musculoskeletal system that could lead to sarcopenia, osteoporosis, weight
loss, malnutrition and frailty 48!,
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Frailty represents a geriatric syndrome characterized by less homeostatic capacity and a reduction in physiological
functional reserves, which leads to a particular vulnerability and consequent adverse health outcomes including

falls, fractures and increased mortality.

Sarcopenia was defined by the European Working Group on Sarcopenia in Older Persons (EWGSOP) as a loss of

muscle mass in combination with a loss of muscle strength or physical performance 42,

Sarcopenia, osteoporosis, and frailty are worsened by malnutrition and specific nutrients deficiencies, in particular

protein, antioxidant vitamins, minerals, and fatty acids 59,

Vitamin D, dietary protein and calcium intake represent an important key function in bone and mineral metabolism,
and their deficiency leads to metabolic bone disease BIB2I53][54]

5.3. Cardiovascular Disease

In general, heart disease and atherosclerosis are correlated with overnutrition rather than undernutrition 22561571,

At the end, the possible nutritional deficiencies of micronutrients associated with cardiovascular disease can

significantly increase morbidity and mortality.

5.4. Immune System

Immunosenescence is represented by a reduction in the ability of the aging organism to counteract the attacks of
external pathogenic agents through an efficient immune response and is expressed through a dysfunction of T cells
with aging, due to a reduced proliferation of T lymphocytes and an impaired T-helper activity, with consequent

altered cell-mediated and humoral responses.

Hence, malnutrition with reduced nutrient intake has repercussions on the immune system, resulting in a reduction

in total lymphocyte count, T cells proliferation and interleukins.

Furthermore, old age is also represented by an increase in low-grade systemic inflammation (“inflammaging”), with

a greater development of chronic inflammatory diseases 28159,

In old age, the immune system shows a decline in acquired immunity, as opposed to innate immunity which
remains unchanged, if not enhanced 89,

Dietary lipids are precursors of eicosanoids, prostaglandins and leukotrienes, therefore they have a significant

influence on the immune system[81],

In addition to lipids, the main nutrients that influence immune function and therefore the host response to infections

are water-soluble vitamins (B6, folate, B12, C) and, among the fat-soluble ones, vitamins A, D and E (62]
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Other trace elements present in the diet that are involved in immune function are selenium, zinc, copper and iron
[63](64]

Nutritional status is therefore an important factor influencing the T cell response, in addition to the pathogenic load,

and malnutrition contributes significantly to the immunological defects found with age.

5.5. Skin System

Malnutrition increases the risk of the onset of pressure sores and infections which also delay wound healing as it
prolongs the inflammatory phase, alters the synthesis and proliferation of fibroblasts and collagen [62168]67],

Pressure sores are an important and frequent cause of morbidity and mortality in old age.

| 6. Dietary Solutions for The Aging Gastrointestinal Tract

When a risk of malnutrition is diagnosed, it is essential to use measures to identify and correct risk factors and

subsequently introduce a nutritional support [EI67I(68]

» Dietary guidelines against malnutrition in the elderly
The European Food Safety Authority (EFSA) established Dietary Reference Values (DRV) for total carbohydrates

and dietary fiber, fats, water, and protein for the European population [E2Z071]

In 2013, the EFSA reviewed nutritional recommendations, considering age categories of 60-69 years and 70-79

years /2,

A daily intake of 30—40 kcal/kg and 1.0-1.5 g protein/kg body weight was proposed, in order to reduce risk of

protein-energy wasting and frailty in Europe, whereas the exact recommended values depend on the health status
[73][74]

Muscle protein synthesis can be promoted by protein pulse feeding and the consumption of fast proteins (such as

whey protein), to prevent sarcopenia in older adults 2!,

Data from literature recommend that old people should consume a balanced diet and that micronutrient
supplements should only be given when food intake is too low, although several reviews point out that the elderly
population is at increased risk for vitamin deficiencies. and minerals, especially vitamins A, B1, B2, B12, D, E, K,

calcium and potassium although their energy intake is within recommendations (6876l

The reasons for these deficiencies may be due not only to a reduced intake of food, but also to the poor choice and
lack of variety of food, to an impaired intestinal absorbent function, to drugs that can interfere with the metabolism

of micronutrients, to inflammatory state that can reduce their plasma reserves
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Micronutrients have a multifactorial role in various metabolic processes (cell prolieration and growth, immune

function, genomic stability) and their deficiency are involved in many age-related pathologies 2.

However, there are important oral nutritional support strategies needed to address established malnutrition or for
individuals at risk of malnutrition (8181,

The first step is therefore represented by increasing the intake of protein and energy from food in the diet.
Oral food supplements (ONS) (sip feeds) can be used as adjuncts to the nutritional management.

» Tools for nutrition assessment
It is very important and essential detecting nutritional screening for the assessment of malnutrition risks of aged

people and so establishing a correct dietary program as soon as possiblelZ9,

Among the several screening tools that been suggested for monitoring nutrition assessment in the elderly, the most

widely used and studied is the Mini Nutritional Assessment (MNA) in its long or short form

With appropriate adjustment of the cut-off point for different populations, the MNA and MNA-SF have been used
and validated worldwide.

In 2002, ESPEN developed the ESPEN Guidelines for Nutrition Screening 2002 to provide guidelines on nutritional
risk screening through tools applicable to different situations and based on evaluated evidence; these guidelines
are still used 89,

1. Malnutrition Universal Tool (MUST) for adult community residents

2. Nutritional Risk Screening (NRS) for elderly hospitalized

3. Mini Nutritional Assessment Short Form (MNA) in the elderly

The determination of the nutritional status in elderly is done through the mini nutritional assessment (MNA) , the

most frequently instrument used for this purpose.
It includes questions associated to physical and mental features and a questionnaire on nutrition.

MNA has high predictive value characterized by its association with negative outcomes in terms of health and
mortality (28],

» Impact of major food products on malnutrition
Dairy products

In old people dairy products represent an important source of energy, protein, vitamins (A, B2, B5, B9, B12),
minerals (calcium, magnesium, phosphorus , zinc), and cholesterol; furthermore, some important nutrients, such as
vitamin B9 and vitamin D, can be administered by fortifying milk [B182]83]
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The immune system is positively influenced by dairy products containing bacteria, such as milk fermented or yogurt
added with probiotic strains and/or lactic acid bacteria [B4I[E31[86]87][88]

Futhermore, probiotic yogurt showed a reduction of mutagenicity in the intestinal tract after consumption as well as

an anti-inflammatory activity

Dairy products, in particular milk proteins, are also rich in branched-chain amino acids (BCAASs), in particular

leucine, which are necessary for muscle protein synthesis, thus preventing the onset of sarcopenia in the elderly
(82](89]

Other clinical indications are constipation, relieved by yogurt supplemented with dietary fiber, non-viral
gastroenteritis, where probiotic fermented milk can alleviate symptoms [BABLE2] gnd dental health that can be

improved by milk intake, supplemented with fluoride and probiotics 221,

» Meat products
Older people try to reduce meat consumption for various reasons such as difficulty in chewing, loss of smell and/or

taste, loss of appetite.

Unfortunately, old people are characterized by an increased protein requirement despite a reduction in their

physical activity 24,

Meat has remarkable nutritional properties, including indispensable and essential amino acids (IAA), high levels of
B vitamins and minerals, and is also useful for preventing possible deficiencies of vitamins and minerals (vitamin

B12, iron, zinc and selenium) when combined with other foods that are part of a healthy diet.

Meat has also significant biological and biochemical properties: meat iron presents a higher bioavailability than
non-heme iron contained in plants or dairy products and its absorption is largely unaffected by other dietary

components; it also improves the absorption of non-heme iron 22!,

Two important aminoacids are Carnosine (B-alanine-L-histidine) and anxerine (B-alanine-L-1-methyl-histidine),
found exclusively in mammalian skeletal muscle, are histidine-containing dipeptides (HDP). Their concentration in

meat is generally little influenced by technological processes 281,

Diets rich in HDP can be beneficial for the elderly due to their antioxidant properties towards proteins and nucleic
acids, due to their ability to bind divalent metal ions and trap free radicals; they also have an important buffer
capacity. Furthermore, HDP would be able to reduce the aldehydes that are formed from unsaturated fatty acids

during oxidative stress 27,

e Fish
Fish consumption has beneficial anti-inflammatory effects on health due to n-3 22l1%ong-chain polyunsaturated

fatty acids (LC-PUFA), particularly eicosapentaenoic acid (EPA) and docosaenoic acid (DHA), which are present in
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high quantities especially in oily fish [28],

In fact, from the literature it seems that the consumption of fish in the elderly is related to a better cognitive
performance, to the improvement of memory in case of mild cognitive impairment, to a reduction of symptoms of

depression, to a lower risk of hip fractures, and to a better renal function .

Futhermore, selenium and n-3 LC-PUFAs have shown a synergistic effect on health[204],

» Cereal-based foods
Carbohydrates have a special meaning in cereals, and usually contain around 50-80% carbohydrates on a dry

weight basis.

Starch is the most abundant cereal polysaccharide in diets and is an important source of energy. There are
available carbohydrates, such as starch and soluble sugars, which are digested and absorbed by humans, and
unavailable carbohydrates, i.e. dietary fibers, such as resistant starch, cellulose and other complex
polysaccharides (B-glucan , pectins, arabinoxylans .), which are not digested by the human intestine. These
substances can be fermented by the intestinal microbiota, with production of methane, carbon dioxide, water and
volatile fatty acids, or short-chain fatty acids (SCFA), essentially acetic, propionic and butyric acid, equipped with
important functions: butyric acid supplies energy to the colocytes and integrates the mucosa, propionic acid is used
for gluconeogenesis by hepatocytes, acetic acid is used by different tissues as a substrate for the cycle of Krebs or
intermediate in lipid synthesis!2021[103],

In 2010, the EFSA determined that, based on the role of dietary fiber in bowel function, the adequate intake of daily

dietary fiber is 25-35g per day (of which 6 g of soluble fiber) for regular intestinal function in adults 62,
In addition, EFSA has approved some health claims regarding the consumption of dietary fiber:

1. arabinoxylan promotes the reduction of postprandial glycaemia [104]105]

2. barley grain, oat grain fiber and sugar beet fiber promote the increase in fecal mass.

3. wheat bran fiber promotes intestinal transit and increases fecal mass [1081107]

With the wording "High fiber", as listed in the annex to Regulation (EC) no. 1924/2006, it is understood that the

product contains at least 6 g of fibers per 100 g or at least 3 g of fibers per 100 kcal.

During the last decades, epidemiological and clinical studies demonstrated that consumption of dietary fiber and

whole grain has a positive impact against obesity, type 2 diabetes, cancer, and cardiovascular diseases in middle
aged people [198][109][110]
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The mechanism of action of dietary fiber and bioactive components that lead to these beneficial effects may be
partly due to short-chain fatty acids, coming from their degradation by intestinal microbiota, that are able to

exercise protective, metabolic and anti-inflammatory actions [111]112]

In the United States, the Food and Drug Administration (FDA) has approved two health claims for dietary fiber. The
first states that a diet that involves an increase in the consumption of dietary fiber, provided by fruits, vegetables

and whole grains, associated with reduced fat consumption (<30% of calories), can reduce some types of cancer.

The "increase in consumption” is defined as > 1 "equivalent ounce" (1 ounce = 28.3 g), with three ounces derived
from whole grains (1131,

The second FDA claim states that diets low in saturated fat (<10% of calories) and cholesterol, but high in fruits,

vegetables, and whole grains, reduce the risk of coronary heart disease 114],

In summary, a healthy diet should consist of 25-35g of dietary fiber per day, of which 6g should be soluble fiber
115

» Fruits and vegetables
The anti-inflammatory properties of phytochemicals, in particular polyphenols, play an important role in their
beneficial effects on healthy aging (18],

Several polyphenols have shown positive effects on cognition including flavonoid-rich cocoa drinks or resveratrol
[117][118]

« Water

Various factors contribute to the dehydration of the elderly; frequently old people do not drink their recommended
daily intake of oral fluids especially in presence of diseases such as malnutrition and anorexia, or because of a
decrease in appetite and less motivation to eat or drink, or a higher thirst threshold, typical of advanced age, or due

to adverse effects of drugs, such as diuretics.

Older people are more vulnerable to water imbalance and, in the presence of dehydration, death occurs far more

quickly than in the absence of any other nutrient, usually within a few days [119120][121]

| 7. Summary

Malnutrition in the elderly has a complex and multifactorial origin; age is associated with physiological changes that
make the old person more vulnerable and more easily subjected to malnutrition in conjunction with risk factors,

such as diseases, lifestyle, drugs and so on.

Recognizing risk factors is a fundamental step in being able to treat malnutrition.
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An adequate protein intake associated with a correct energy intake is essential to prevent malnutrition and
sarcopenia in the elderly; furthermore, if the diet is not sufficient, it is necessary to supplement any micronutrient

deficiencies.

It shows how the quality of the diet is very important with respect to the risk of frailty, and in particular the meta-
analyzes have established that the Mediterranean dietary model has a high quality and greater beneficial effects,
with high intake of micronutrients and antioxidants, as polyphenols and bioactive compounds present in the diet,
characterized by high consumption of fruit, vegetables, and plant-based foods, use of olive oil and less
consumption of meat and dairy products(122]123][124][125]

However, there are still significant gaps in the literature regarding the evidence for non-drug treatment of

malnutrition, and it is necessary to plan high quality prospective studies and well-designed clinical trials.
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