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Abstract

Background and aims: Sarcopenia and frailty syndrome negatively impact on health, with poor
clinical outcomes, increased mortality. An adequate dietary strategy and regular physical activity
can preserve strength and muscle function in older adults. This study aims to evaluate the
effectiveness of a personalized energy-protein intake with cobalamine and pyridoxine dietary
intake according to national and international nutrition guidelines, in reducing loss of muscle mass
and frailty progression age-related.

Methods: Elderly (=65 years) with BMI (Body Mass Index) value of 20-30 kg/m2, free from
uncontrolled chronic pathologies and physical-cognitive-neurological disabilities are recruited. The
Mediterranean Diet intervention provides for 25-30 Kcal/kg/day and 1-1.2 g of protein/kg/day,
with protein-dietary intake redistribution in daily meals in one of the two study arms (Group A).
Data were expressed as meaniSD and percentages, analyzes were investigated by T-test and
Pearson's coefficient (p<0,05). For each outpatient, sarcopenia screening (EWGSOP2), eating
habits, autonomy in daily activities, cognitive status, physical activity, anthropometric and
biopedenziometric measurements, handgrip strength and physical performance are collected.
Outpatients are followed up with a reassessment of the same protocol every 3 months, for 12
months and biochemical tests every 6 months. Data were expressed as mean+SD and percentages,
analyzes were investigated by T-test and Pearson’s coefficient (p<0.05).

Results: 85 subjects aged 7315 years were analyzed. At baseline 1 subject was sarcopenic, none
were malnourished or frailty. We observed a reduction in waist circumference and fat mass with
increased PhA and maintenance of lean mass, an improvement in handgrip strength and gait
speed (p<0.05). Furthermore, PhA and gait speed were better in group A (p<0.05). Greater
handgrip strength and faster gait speed were associated with protein intake at breakfast (r=0.266;
p=0.0035, r=-0.348, p=0.005, respectively). We also record positive association between dietary
B12 intake and handgrip strength (r=0.263; p<0.05)

Conclusions: Adeguate weight and balanced dietary intervention redistributing protein intake to
daily meals, with adeguate energy intake and sufficient vitamins B6 and B12 intake, could be
useful to preserve skeletal muscle mass and function and indipendence in daily activities in the
elderly.



Introduction

Globally, population aging is accelerating rapidly, with over 700 million people worldwide aged 65
and over: this number is expected to double by 2050, with an increasing number of individuals
reaching advanced age [1].

Aging is a multifactorial process characterized by a progressive loss of functional capacity and
increasing comorbidity, with significant implications for health, society, and the economy [1]. The
health status of the elderly is best identified by the maintenance of psychophysical and relational
well-being, even in the presence of multiple pathologies, quantifying how many years are actually
lived without limitations in daily activities (ADL, activities of daily living, and IADL, instrumental
activities of daily living), extending the concept of life expectancy beyond the simple number of
years lived [1].

Successful aging aims to optimize health and independence, addressing significant challenges to
healthcare and social systems, as older adults are more vulnerable to various health conditions.
Malnutrition, sarcopenia, and frailty are important risk factors for poor clinical outcomes and
physical disability in older adults, with an increased risk of falls, hospitalization, and mortality, as
well as impaired quality of life. Frailty is a multidimensional and multifactorial geriatric syndrome,
manifested as reduced performance and capacity in multiple body systems, in physical,
psychological, social, and cognitive domains [2].

Malnutrition and muscle disorder, with a loss of skeletal muscle mass and function, are precursors

to physical frailty [3]. These conditions do not have a specific treatment, likely they can be
reversible. Nutrition, combined with an active lifestyle, is an important modulator of health and
well-being and plays a crucial role in maintaining muscle health, preventing frailty, and seems to
slow down or reverse these processes [4]. In this context, an adequate energy-protein intake
based on the Mediterranean Diet, according to the recent ESPEN (European Societay for Clinical
Nutrition and Metabolism) guidelines for older people [5], can help preserve skeletal muscle mass
even in the elderly.

This PhD project aims to identify which dietary interventions are associated with preventing or
slowing the development of frailty and loss of muscle mass and function in older adults. In
particular, to evaluate whether changes in dietary intake of macro and micronutrients can modify
the natural history of these conditions.



Background: definitions, epidemiology, risk factors

In geriatrics, a progressive and generalized loss of muscle mass and strength is commonly found.
Although all humans experience a slow, progressive decline in skeletal muscle mass, this is not a
natural age-related consequence, but rather a complex geriatric syndrome, sarcopenia [6; 7]. Over
time, the definition of sarcopenia has evolved, with recent emphasis on the loss of muscle quality
rather than the reduction of muscle quantity [8]. In fact, the 2019 update by the EWGSOP2
(European Working Group on Sarcopenia in Older People 2) replaced muscle mass with muscle
strength as the primary marker for probable sarcopenia [3]. This generalized disease of skeletal
muscle mass has a complex etiology and its overall prevalence is uncertain, due to the high
heterogeneity of the criteria used to define and measure sarcopenia. Since sarcopenia increases
with age, its prevalence is expected to increase as the global aging population grows in the coming
years [8].

All older adults are also at risk of developing frailty, as a result of a long-term process, especially in
decline performance and muscle loss, combined with malnutrition [2]. Frailty syndrome has been
defined as a severe and progressive dysregulation of major biological systems, resulting in a state
of increased vulnerability to physiological or psychological stressors [9;10;11]. Similar to
sarcopenia, the prevalence of frailty is also expected to increase in parallel with the rapid growth
of the elderly population. Its prevalence is currently estimated at 10% among community dwellers,
but is higher in other settings such as hospitalized patients, where it can range from 18% to 40%
[2;12].

Frailty and loss of muscle mass and function lead to a reduced ability to withstand stress such as
illnesses and are accompanied by adverse clinical outcomes and an increased risk of dependency
and disability. Malnutrition is both a risk factor and an important adjustable factor in both
sarcopenia and frailty. Although there is no unanimous consensus, the diagnostic criteria for
identifying frailty, sarcopenia, and malnutrition, particularly weight loss and reduction in muscle
mass and strength, overlap: therefore, older adults may suffer from more than one of these
conditions simultaneously [13].

Malnutrition plays a key role in the pathogenesis of both frailty and sarcopenia, demonstrating
complex and synergistic relationships through which each condition is accelerated by the others
[14].



Currently, the pathogenic mechanisms of frailty and sarcopenia are not completely clear. The
causes are certainly multifactorial, including aging itself, sociodemographic factors, lifestyle,
female gender, living alone, polypharmacy, low education level, smoking, alcohol, ADL disability,
low BMI, malnutrition/risk of malnutrition, anorexia, diabetes, hearing impairment, cognitive
decline, heart disease, respiratory diseases, osteopenia/osteoporosis, poor sleep, a history of falls,
pain, and depression (Table 1). Therefore, managing chronic diseases and addressing adjustable
risk factors such as an unhealthy diet and insufficient physical activity becomes crucial in the
prevention of frailty and sarcopenia [14; 15; 16].

Malnutrition Frailty Sarcopenia

Anorexia/poor appetite

Poor diet quality (for example low
protein intake, low antioxidant
intake)

Poor masticatory function
Disphagia

Living alone

Physical Inactivity

Malnutrition/Risk of malnutrition
Poor diet quality (for example low
protein intake, low antioxidant
intake)

Poor masticatory function

Living alone

Physical Inactivity
Dementia/cognitive decline

Malnutrition/Risk of malnutrition
Poor diet quality (for example low
protein intake, low antioxidant
intake)

Physical Inactivity

Hospitalization

Multimorbidity

Increasing age

Dementia/cognitive decline Hospitalization

Depression Multimorbidity
Hospitalization Polipharmacy
Multimorbidity Increasing age

Polipharmacy Low educational level
Increasing age
Low income level

Low educational level

Table 1. Risk factors for malnutrition, frailty and sarcopenia in elderly community-dwelling [14; 15; 16].
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Figure 1. Interaction between malnutrition, frailty, and sarcopenia, extending to cachexia [17].

Pathophysiological Mechanisms and Anabolic Resistance

The slow and complex deterioration of organ and tissue functions associated with aging is
characterized by an exponential loss of 1% of muscle mass per year starting from the fifties.
This decline in muscle, both quantitative and qualitative, is influenced by endocrine, nervous,
circulatory factors, as well as social, nutritional, and lifestyle-related aspects, including reduced
physical activity. The underlying pathophysiological mechanisms, despite involving dysregulation
of the immune response, sedentary behavior, subclinical pathological conditions, changes in body
composition with increased fat tissue and decreased lean mass, and an unbalanced diet, remain
largely obscure. Active contributions to these mechanisms have been hypothesized, including the
loss of motor neurons, continuous denervation of muscle fibers, fragmentation of the
neuromuscular  junction, and microvascular changes at the muscle level.
Several studies suggest a crucial role in promoting age-related muscle decline, related to altered
mitochondrial homeostasis, with the accumulation of dysfunctional mitochondria generating ROS
(reactive oxygen species) and the consequent increased oxidative stress associated with reduced
endogenous antioxidant defenses in the elderly [18].

Another hallmark of aging is chronic low-grade inflammation, which is associated with frailty
syndrome, reduced muscle strength, and a diminished ability to respond to stress. The increased
presence of pro-inflammatory cytokines, such as IL-6, IL-1, TNF-a, disrupts the anabolic/catabolic
balance of muscle cells, promoting proteolytic activity and inhibiting protein synthesis [18; 19].
For instance, IL-6 activates STAT3, a protein that plays a key role in many cellular processes,
including cell apoptosis and inflammatory processes [18].

TNF-a, on the other hand, can impair muscle protein synthesis by interfering with the
phosphorylation of another major player, the mTOR kinase [20].

Muscle protein homeostasis involves pathways that enhance protein synthesis, such as the
IGF1/PI3K/Akt/PKB/mTOR or TGF/myostatin/bone morphogenetic protein (BMP) pathways, and
others that promote cellular degradation, such as the ubiquitin/proteasome systems, the
autophagy-lysosome system, Ca2+-dependent calpains, and caspase enzymes of cysteine
proteases, where the main transcriptional regulator of cellular atrophy is Forkhead box O3
(FOX03). These systems function concurrently, regulating muscle protein synthesis in response to
various conditions, including physical exercise and nutrition. Dietary protein intake and the
consequent postprandial hyperaminoacidemia stimulate anabolic processes. Additionally, amino
acids can also contribute to hyperinsulinemia: insulin is a powerful regulator of protein turnover in
humans, primarily by suppressing protein degradation in muscle.
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The primary controller of muscle growth is considered the IGF1/PI3K/AKT/PKB/mTOR signaling
cascade, which not only promotes muscle protein synthesis but also suppresses protein
degradation through AKT, which in turn inhibits FoxO transcription factors, blocking the catabolic
ubiquitin/proteasome and autophagy/lysosome systems (Figure 2), thereby enhancing cellular
growth [18].
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Figure 2. The main pathways studied in sarcopenia; the red arrows indicate the factors that change in sarcopenia [18].

Current scientific evidence suggests that the crucial factor in regulating protein synthesis is mTOR
(specifically the mTOR1 isoform). mTOR1 integrates various signaling pathways and responds to
stimuli such as insulin, hypoxia, energy stress, and the availability of nutrients like essential amino
acids, particularly leucine. Recent studies also suggest that leucine acts at various points along the
mTOR pathway, stimulating parallel pathways, including several anabolic hormones such as
insulin. Insulin stimulates the Akt-PKB pathway, while leucine modulates mTOR through the RAG
GTPases. Once activated, mTOR1 stimulates muscle protein synthesis by phosphorylating p70 S6
kinase 1 (p70S6K1) [21].



Muscle cell benefits

Figure 3. The main proteins
phosphorylated by nutritional substrates
such as essential amino acids, particularly
leucine, involved in anabolic processes

[19].
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Recently, microRNAs have emerged as potential important regulators of anabolic processes in
skeletal muscle. These are short non-coding RNAs that silence target mRNAs by altering the
transcription of key enzymes in muscle protein homeostasis. It has been shown that the
expression of microRNAs is altered in response to physical exercise and essential amino acid
intake, although the specific effect has not yet been fully explored [20].

Additionally, with aging, hormonal changes occur, including a reduction in many circulating
anabolic and sex hormones that also affect muscle tissue. The secretion of GH, the main pituitary
regulator of skeletal muscle growth through the release of IGF-I, decreases after the age of 50. The
GH-IGF-1 axis stimulates muscle protein synthesis by promoting the absorption of essential
nutrients, such as glucose and amino acids, and the proliferation of satellite cells involved in
muscle repair and growth [19]. The most potent natural androgenic-anabolic hormone is
testosterone, which acts with both anabolic and anti-catabolic effects, through the activation and
proliferation of satellite cells and by modulating anabolic signaling pathways such as mTOR and
IGF-1. A reduction in testosterone levels with age and in inflammatory conditions can contribute
to bone loss and the reduction of muscle mass and strength [20; 22].

Other hormones involved in muscle homeostasis include:

e Insulin, which has an anabolic effect in the postprandial phase.

e Cortisol, which can act as either an anabolic or catabolic factor depending on the context;
specifically, chronic exposure to this stress hormone induces lean mass loss by promoting
proteolysis.

e Estrogens, which can promote protein synthesis by interacting with muscle anabolic
signaling pathways, and their age-related reduction compromises mitochondrial function,
leading to muscle atrophy. Estrogens also modulate the release of GH and IGF-1 at the
pituitary and hepatic levels and influence muscle mass through their impact on body
composition with fat redistribution. However, elderly individuals exhibit increased



splanchnic absorption of digested substrates, thereby reducing the amino acids that reach
the peripheral circulation and tissues like skeletal muscle, a mechanism that may become
relevant in individuals exposed to stressors or with multiple comorbidities [20].

This is associated with a state of anabolic resistance: the various anabolic signaling pathways are
less effectively activated, leading to reduced sensitivity and muscle protein synthesis in response
to anabolic stimuli such as essential amino acid intake, particularly leucine. Furthermore, aging is
associated with impaired protein digestion, reduced transepithelial amino acid transport, and
lower energy reserves to sustain the energy-intensive anabolic phase. This may indicate the need
for a higher level of protein intake compared to younger adults to stimulate muscle protein
synthesis. Anabolic resistance thus seems to play a significant role in age-related muscle
impairment [18; 20].

In elderly individuals, there appears to be an impairment in the mTOR1 signaling pathway, with a
more attenuated activation in the postprandial phase, leading to less efficient muscle protein
synthesis. The Akt pathway and downstream pathways also seem to be dysregulated.
With aging, there is also a decline in circulating IGF-1 levels, resulting in an altered anabolic muscle
response to physical exercise and nutrient intake. Insulin resistance, common in the elderly, as
well as the decline in GH and testosterone, may contribute to anabolic resistance by impacting
IGF-1 signaling [20].
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Figure 4. The typical factors that stimulate anabolic pathways in young adults, and the effects of the same stimuli in
cases of anabolic resistance in the elderly [20].

Therefore, anabolic resistance is a complex phenomenon influenced by various factors, including
hormonal changes, nutritional status, and physical activity levels, requiring a multifactorial
approach for effective management [20]. Fortunately, skeletal muscle has a good capacity for
adaptation and response to interventions that can reverse or delay the progressive loss of muscle
function associated with aging. In this context, lifestyle modifications and nutritional interventions
may be positively impact these processes, extending the number of years with a good quality of
life [18].

Nutrition and lifestyle in the elderly
¢ Nutritional needs: macro- and micro-nutrients

Protein intake in elderly individuals should be at least 1 g of protein per kg of body weight per day.
The amount should be individually adjusted based on nutritional status, physical activity level,
disease state, and tolerance. Increasing evidence from experimental and epidemiological research
suggests that older adults may require higher protein amounts compared to younger adults for
optimal preservation of lean body mass, bodily functions, and overall health. Moreover, higher
protein intake than currently recommended may positively impact lean body mass, as supported
by cross-sectional and prospective observational studies [5; 24]. Daily amounts of 1.0-1.2 g/kg of
body weight have been suggested for healthy older adults by several expert groups. In cases of
unintentional catabolic stress, such as acute illnesses, inflammation, infections, and wounds,
protein requirements may further increase to 1.2-1.5 g/kg/day or even higher [5; 25]. Another
factor to consider is the presence of clinical conditions that require a controlled dietary protein
intake, as in chronic kidney disease: low-protein diets, 0.6-0.8 g/kg/day, are part of conservative
treatment to slow the progression to end-stage renal disease [24].

Protein intake should certainly meet the body's metabolic demands to prevent its use as an energy
source, rather than for trophic purposes, in situations of stress and fasting. Therefore, an
adequate protein intake in the diet is essential for maintaining homeostasis and functionality [25].
In general, the ESPEN practical guidelines for geriatric population and the PROT-AGE study group
(international study group to review dietary protein needs with aging) recommend a protein
intake of at least 1 g/kg/die of protein, with the amount to be individually adjusted based on
nutritional status, physical activity level, disease state, and tolerance [5; 26; 27]. It should not be
forgotten that insufficient energy intake increases protein needs, so it is important to ensure not
only adequate protein intake but also adequate energy intake [5].
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With aging, resting energy expenditure (REE) generally declines due to changes in body
composition, including an increase in body fat, a loss of lean mass, and fat infiltration into muscle
tissue (myosteatosis), leading to metabolic changes, as muscle is the primary determinant of
energy requirements. Therefore, energy needs in the elderly are different in the elderly compared
to younger individuals [17; 23].

In addition to its strong relationship with lean mass, basal metabolism is also influenced by sex,
higher energy expenditure in men compared to women, as well as by genetics and, of course, age.
Energy requirements are further increased in cases of acute and/or chronic diseases, fever,
pressure ulcers, and post-surgical conditions. Therefore, adequate energy intake should be
monitored over time and adjusted accordingly. Experts believe that weight loss is not always
necessary in elderly individuals and advise against drastic weight-loss diets to prevent the age-
related muscle mass loss. They also highlight that weight regain after a restrictive diet is primarily
due to an increase in fat mass rather than lean mass, leading to "weight cycling" which could
contribute to the development of sarcopenic obesity and the subsequent functional decline,
increasing the risk of sarcopenia, frailty, and malnutrition.

Thus, in overweight elderly individuals, the desirable goal is weight maintenance through a
balanced, nutrient-rich diet, combined, when possible, with physical activity. According to ESPEN's
general recommendations for the elderly population, a balanced diet should provide 25-30
kcal/kg/day, with 50-55% of total energy intake from carbohydrates, rich in fiber (25-30 g/day),
and favoring monounsaturated and polyunsaturated fatty acids as lipid sources [5].
Polyunsaturated fatty acids, w3 PUFAs, have anti-inflammatory effects, promoting anabolism and
muscle health; however, scientific evidence is limited, and further studies are needed to clarify the
precise role of these components in muscle homeostasis and the potential effects of w3 PUFA
supplementation in different populations, including healthy elderly individuals and frail older
adults with multimorbidity [17; 28].

In addition to macronutrients, it is also necessary to consider micronutrients, which, in general,
should be provided according to the recommendations of the European Food Safety Authority
(EFSA) or corresponding national nutrition societies for healthy elderly individuals, and these
recommendations do not differ from those for younger adults [28]. However, aging brings a
gradual risk of nutritional imbalances, including compromised levels of vitamins and trace
elements, also due to the effects of low-grade chronic inflammation, which leads to decreased
blood levels of zinc, iron, selenium, vitamin A, C, and D, especially when C-reactive protein (CRP)
levels are elevated (>20 mg/L) [28; 29].

Given their common presence in the geriatric population, certain micronutrients are believed to
play a role in the pathogenesis of frailty syndrome and the loss of muscle mass and function, such
as iron, calcium, folate, and vitamins B6 and B12 [17; 30]. It has also been suggested that some
minerals and trace elements have a significant impact on the maintenance of muscle mass,
strength, and physical performance: calcium is involved in muscle contraction and is essential for
generating muscle strength; magnesium plays a role in energy metabolism, which is crucial for

12



physical performance; iron is key for oxygen transport, including to muscle cells; while selenium
and zinc have antioxidant properties [31].

Several minerals appear to be important determinants of IGF-1 bioactivity, which, as previously
mentioned, decreases with age: selenium, magnesium, and zinc have independent positive effects
on muscle function and IGF-1 levels, resulting in pleiotropic outcomes on cells, antioxidant actions,
and a potential role in physical performance in the elderly [32].

However, current evidence associates selenium and magnesium with strength, muscle mass, and
physical performance, while the effects of potassium, iron, sodium, and phosphorus are less clear,
and there is no evidence of an association with calcium and zinc [31].

Vitamins, vital micronutrients, are not synthesized endogenously in sufficient quantities,
highlighting their importance at all stages of life, as they play a crucial role in maintaining health.
Elderly individuals are particularly susceptible to deficiencies in fat-soluble vitamins, including
vitamins D, A, and E [29].

In particular, vitamin D can support health and muscle recovery by influencing both the immune
system and muscle function. It is well established that vitamin D affects immune function by
regulating the expression of pro-inflammatory cytokines, increasing muscle proliferation,
differentiation, and growth, and enhancing natural regulatory T cells involved in modulating the
immune response. Additionally, there is evidence that vitamin D deficiency is associated with
muscle dysfunction, likely through increased oxidative stress and impaired mitochondrial function.
However, findings from systematic reviews and meta-analyses suggest that the beneficial effects
of vitamin D supplementation are limited to muscle strength and physical performance, but not
muscle mass in the elderly [17; 30; 33].

Deficiencies in water-soluble vitamins, such as B vitamins, folate, and vitamin C, are also common
in geriatric patients, representing a significant health issue. Specific vitamin deficiencies can lead
to various health problems, including megaloblastic anemia, changes in mental status, and
neurological issues [29].

Additionally, there is an increasing prevalence of gastrointestinal diseases in the elderly, leading to
reduced nutrient bioavailability (e.g., atrophic gastritis and impaired absorption of vitamin B12,
calcium, and iron), not to mention the effects of drug interactions that can impact the absorption,
activation, and elimination of various micronutrients. For all these reasons, older individuals are at
higher risk of micronutrient deficiencies, which should be assessed with specific tests, through
careful and ongoing monitoring, and corrected if deficiencies are confirmed to prevent associated
health problems [5;29].

e Hydration target

Besides nutritional status, proper hydration is also fundamental: water is essential for all living
beings. However, the elderly population is more susceptible to dehydration, both due to
inadequate intake and excessive losses. The body’s water content varies physiologically over the
course of life, partly due to a reduction in thirst and a diminished ability of the kidneys to
concentrate urine. Furthermore, widely used medications among the elderly, such as diuretics and
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laxatives, increase fluid loss. Water balance is also influenced by body composition, energy
expenditure, climate conditions, and temperature. Therefore, daily water intake must
counterbalance outputs and maintain an appropriate state of hydration, but thirst, considered a
defense mechanism to counteract total body water deficits, is often reduced in the elderly.
According to the 2022 ESPEN practical guidelines on clinical nutrition and hydration in the geriatric
population, the recommended adequate water intake from beverages is 1.6 L/day for women and
2 L/day for men. The recommendations for daily fluid intake from various international institutions
are reported in Table 2 [5;34].

Institution Year Daily Fluid Intake Age

>1.6 L for women

EFSA [25] 2010 >2.0L for men

Adults (>18 years)

2.2 L for women
IOM [26] 2014 301 for men Adults (=50 years)

1.5 L for women
“NS [27 s (=65 years
CNS [27] 2019 17 L for men Older adults (=65 years)

>1.6 L for women
>2.0 L for men

WHO, World Health Organization; EFSA, European Food Safety Authority; IOM, Institute of Medicine; CNS,
Chinese Nutrition Society; ESPEN, European Society for Clinical Nutrition and Metabolism.

ESPEN [28] 2022 Older adults (>65 years)

Table 2. Dietary fluid intake reference recommended by international groups [34].

However, additional intake needs to be considered based on individual requirements depending
on physical activity, environment, and comorbidities. Therefore, it becomes important to

determine the “real” water needs and personalized recommendations for the elderly, and further
studies are necessary to investigate how increased water intake affects health and well-being in

the medium to long term [5; 34].

e Active lifestyle

One of the most extensively studied strategies for positively influencing the health of elderly
individuals is lifestyle modification, particularly through increased physical activity [23]. Engaging
in regular and frequent physical exercise has numerous positive effects, including improvements in
cardiorespiratory function, immune system modulation through the release of myokines such as
interleukin-15, which promotes myogenesis and reduces adiposity, thereby influencing body
composition, as well as muscle quantity and composition [17].

Regarding the mechanisms induced in muscles by physical activity, the contribution of growth
hormone (GH) appears modest. GH is a multifunctional hormone with both anabolic and lipolytic
actions. Its circulating concentration increases significantly at the end of exercise, coinciding with
the peak release of free fatty acids from adipose tissue. GH undoubtedly influences the absorption
of amino acids, primarily branched-chain amino acids (BCAAs), aimed at supporting cellular
turnover and promoting muscle growth [35].

Another anabolic hormone, IGF-1, plays a fundamental role in exercise metabolism: long-term

resistance training increases circulating IGF-I levels, unlike short-term activity, thereby stimulating
14



muscle protein synthesis [36].

These anabolic responses to physical activity may be compromised by anabolic resistance in the
elderly, which disrupts protein turnover and contributes to a net negative balance, leading to the
gradual skeletal muscle atrophy associated with aging [37].

Various authors suggest that maintaining an active lifestyle in old age can at least partially
compensate for the metabolic abnormalities associated with aging, including anabolic resistance,
insulin resistance, and excessive fat accumulation, thereby improving muscle mass and function
[23]. Evidence shows that resistance training positively impacts protein synthesis, promoting a net
positive balance and mitigating the progression of sarcopenia when performed with sufficient
intensity, frequency, and regularity over time [37].

Available evidence suggests that both endurance and resistance exercises have beneficial effects
on muscle, influencing muscle dysfunction, which is one of the mechanisms involved in muscle
decline. Both forms of exercise reduce oxidative damage, improve oxidative coupling capacity, and
increase mitochondrial protein synthesis [17].

Although the effectiveness of resistance exercise on muscle is well-documented, it is also true that
it may not be feasible for many elderly individuals due to various conditions, such as orthopedic
limitations, lack of access to facilities with appropriate equipment, inadequate instruction, or
financial constraints. In contrast, moderate-intensity aerobic exercise, such as walking, with its
well-known respiratory and cardiorespiratory benefits, is more accessible and may be a more
viable option even for sarcopenic and frail patients. However, the effects of aerobic exercise on
protein turnover, muscle mass, and function are less clear and remain a topic of debate [37].

The positive effects of physical activity are enhanced by adequate protein intake; current evidence
supports the need for increased protein intake to overcome anabolic resistance, ensuring that
elderly individuals achieve a post-exercise muscle protein synthesis response comparable to that
of younger individuals [23;38]. Therefore, the most effective non-pharmacological strategies for
counteracting muscle decline and physical performance in old age are physical training and
nutritional interventions [39].

Decline muscle and Frailty syndrome: prevention through diet

¢ Role of proteins and muscle protein synthesis

Based on what has been illustrated so far, nutrition is essential to support muscle anabolism, redu-
ce catabolism, and prevent or slow down muscle loss and the development of malnutrition and
frailty [26].

Older adults who consume a variety of high-quality protein-rich foods as part of a healthy dietary
pattern have a lower risk of physical performance decline and potential development of sarcope-
nia. In contrast, prolonged inadequate protein intake compared to recommendations is associated
with an accelerated reduction in lean mass, muscle mass, and decreased muscle efficiency in older
adults [24; 40].

15



Not only does the daily protein intake play a crucial role in strategies to combat aging-related con-
ditions, but qualitative aspects are also becoming increasingly important, such as the timing of in-
take, distribution throughout the day, and the quantity consumed per meal [17;24].

Different protein sources elicit different anabolic responses, which can be attributed to digestion
and absorption kinetics, as well as the content of essential amino acids, which must be obtained
externally since endogenous synthesis is not possible. The speed of the digestive process and dige-
stibility rates, i.e., the proportion of amino acids from dietary sources that, after digestion and ab-
sorption, are actually available in a form suitable for protein synthesis, vary greatly between ani-
mal and plant proteins: animal proteins have digestibility rates above 90%, while plant proteins
are below 50% [25].

This may explain why animal-based proteins have a greater anabolic effect than plant-based pro-
teins. However, the reduced anabolic stimulus of plant-based proteins can be enhanced by combi-
ning them with animal proteins, thus compensating for the essential amino acid deficiencies and
different digestion speeds between protein sources and obtaining a complete amino acid pool that
promotes muscle protein synthesis [17;41].

In older adults, the potential benefits of protein intake in terms of quantity, quality, and type must
be contextualized within different metabolic states, hormonal homeostasis, and health conditions,
factors that influence nutritional needs and, consequently, the therapeutic use of proteins to sup-
port muscle size and function [24].

Several studies show that increasing protein intake earlier in the day, during breakfast and lunch,
and evenly redistributing protein throughout the day with sufficient amounts at each meal to ma-
Ximize protein anabolism improves the response in terms of muscle protein synthesis, compared
to protein intake concentrated in one or two meals, which in older adults typically corresponds to
dinner. It is believed that a high protein content in the main meals, breakfast, lunch, and dinner,
allows for saturation of splanchnic extraction and greater availability of amino acids in the post-
prandial phase, as well as making it easier to reach the recommended daily protein intake
[24;25;41].

This approach is supported by the fact that proteins and amino acids do not have an active reser-
ve, unlike glycogen for glucose and triglycerides for fatty acids: skeletal muscle assimilates amino
acids in the postprandial phase and releases them into circulation during fasting or stress. This
means that an adequate anabolic stimulus at every meal is essential to maximize the incorporation
of amino acids into functional proteins and avoid their oxidation for energy purposes [24].

To optimize muscle protein synthesis, it is recommended to consume 20-40 g of protein per meal,
although this is not easy to achieve in an elderly population [38].

Overall, the relationships between protein intake and muscle strength and function in older adults
are complex and modulated by protein quantity and types, timing of intake, as well as hormonal
and metabolic status, and the adaptability of skeletal muscle to increased chronic protein intake
[24].

e Essential aminoacids and the role of leucine
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Among amino acids, essential ones play a key role in the anabolic response triggered by nutrition.
In fact, high rates of muscle anabolism have been observed following the infusion of essential ami-
no acids, while no stimulation of muscle protein synthesis occurs in their absence [25; 42].

More specifically, among the essential amino acids, the branched-chain amino acids (BCAAs) - leu-
cine, valine, and isoleucine - play key physiological roles in regulating protein synthesis, metaboli-
sm, food intake, and aging. The main sources of BCAAs are protein-rich foods like meat, dairy,
eggs, legumes, and cereals [42].

The primary roles of BCAAs are to serve as anabolic substrates and signaling molecules for protein
synthesis during the postprandial phase, activating the metabolic switch mTOR, or becoming cata-
bolic substrates for energy production during fasting. Among the BCAAs, leucine seems to play the
most important role in terms of anabolic stimulation via mTOR, although protein synthesis requi-
res the availability of all amino acids, both essential and non-essential [25; 42].

According to WHO recommendations, leucine intake should be 39 mg/kg/day, which equals about
0.9 g per meal if considering three meals a day. However, these levels are unlikely to be optimal
for inducing anabolic stimulation, particularly in cases of age-related anabolic resi stance [43].
Current data suggest that a leucine intake of 2 to 4 g per main meal is necessary to prevent muscle
mass loss in older adults and achieve maximal anabolic stimulation, corresponding to about 25-30
g of protein per meal [33;40;43].

While leucine’s role in inducing protein synthesis is confirmed, more recent studies suggest its ac-
tion may be more nuanced when it comes to maintaining overall muscle health [33; 42].

The anabolic effect of BCAAs is related to their relative abundance in the amino acid pool and de-
pends not only on leucine but also on the ratio between the three BCAAs, set at
leucine:isoleucine:valine 2.2:1.0:1.6. There are still inconsistent data regarding the relationships
between BCAA blood levels, dietary manipulation, and changes in body composition, sarcopenia,
obesity, insulin and glucose metabolism, and aging biology. The effects of BCAAs are likely influen-
ced by the overall nutritional composition, the balance with other macronutrients, and potential
imbalances with other amino acids. Due to the complex relationships between amino acid intake
and its effects on metabolism, muscle, and aging, the view is becoming increasingly consistent that
BCAAs, as part of a high-protein diet and in combination with other amino acids, may have a posi-
tive impact on muscle structure or function in older adults [42].

e Dietary fiber

In the elderly population, an inadequate intake of dietary fiber is also common, as evidenced by
the frequent occurrence of gastrointestinal disorders such as constipation and/or diarrhea [5;44].
It is also important to emphasize the positive impact of dietary fiber on the prevention and mana-
gement of various chronic conditions associated with aging, including diabetes, neurodegenerative
diseases, cardiovascular diseases, and cancer. A high fiber intake has been associated with a re-
duction in inflammatory mediators, countering the low-grade chronic inflammation typical of ol-
der age. This effect is well-documented for soluble fibers, which have favorable effects on modula-
ting the gut microbiota, improving intestinal dysbiosis, and promoting the production of metaboli-

tes like short-chain fatty acids (SCFAs), which have anti-inflammatory properties [44].
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An adequate intake of dietary fiber also contributes to the improvement of various metabolic
aspects: it prevents glucose intolerance by delaying and attenuating the postprandial hyperglyce-
mic peak and reduces atherogenic cholesterol by decreasing bile acid absorption and modulating
the gut microbiome. High dietary fiber intake has been shown to be inversely associated with the
risk of stroke in the general population [45].

In addition to these preventive effects against non-communicable diseases that contribute to frail -
ty syndrome, adequate fiber intake can help normalize bowel function, improving quality of life.
For these reasons, a daily intake of 25 g of dietary fiber is considered sufficient to regulate bowel
movements in adults [17], and this cut-off can also serve as a guide for elderly patients [5].

e Antioxidants and inflammation

Various nutritional factors act directly and/or indirectly on inflammatory processes and oxidative
stress, both of which are implicated in the etiology of frailty. The literature highlights the potential
protective effects of dietary antioxidant nutrients such as lycopene, carotenoids, and vitamin E,
whose inadequate intake is commonly observed in frail older adults, alongside higher levels of
oxidative stress biomarkers [30].

Phenolic compounds also have demonstrated anti-inflammatory effects, both in vitro and in vivo.
Additionally, the lipid component of the diet plays a role in the inflammatory cascade: MUFAs act
as anti-inflammatory agents, while PUFAs can play either a pro- or anti-inflammatory role. Omega-
6 fatty acids promote the production of pro-inflammatory prostaglandins, while omega-3s
contribute to anti-inflammatory prostaglandins. Eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) can replace arachidonic acid and inhibit the production of pro-inflammatory mediators.
In particular, a lower w6/w3 fatty acid ratio has significant anti-inflammatory effects by acting on
the arachidonic acid and prostaglandin pathways, helping to reduce systemic inflammation [46].
With aging, there is a gradual decline in physiological processes, including a reduced efficiency in
the absorption of micronutrients. The resulting nutritional deficits contribute to a lack of minerals
and trace elements with antioxidant properties, such as magnesium, selenium, and zinc. These
antioxidants can limit the production of reactive oxygen species (ROS), protecting tissues from
oxidative stress and preventing cellular degeneration, including in muscles [30;32].

Specifically, a deficiency in magnesium and selenium can contribute to the onset of chronic low-
grade inflammation. Increased oxidative stress and low-grade inflammation, through pro-
inflammatory cytokines, may impair the secretion and bioactivity of IGF-1 and interfere with the
action of other anabolic hormones and growth factors, contributing to age-related muscle decline
[32].

Zinc plays a role in the antioxidant system by blocking the production of ROS, which can be
released during stress, such as physical exercise, and in excess, may lead to muscle fatigue and
contractile dysfunction [31].

Frailty and pre-frailty appear to be associated with higher oxidative stress and the pro-
inflammatory effects of various nutrients, but there are many gaps in the current evidence.
Further studies are needed to evaluate the overall antioxidant and anti-inflammatory potential of
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the diet, without neglecting the effects of individual dietary components on muscle function
[30;31].

e B vitamins and muscle metabolism

Among the B vitamins, the metabolically active ones - B6, B9, and B12 - play a crucial role in
maintaining metabolism, and any deficiency can negatively impact mitochondrial metabolism of
amino acids, glucose, and fatty acids through the citric acid cycle and the electron transport chain.
Deficiencies in B vitamins are common among the elderly, due to low dietary intake of folate and
riboflavin, while a suboptimal state of vitamin B6, usually associated with other B vitamin
deficiencies, is attributed to increased needs in aging [47;48].

A deficiency in B12 is primarily associated with malabsorption, due to the impact of the
pathophysiological decline in intestinal and renal function related to its transport, as well as to
drug interactions [47;48;49;50].

Vitamin B6, a water-soluble vitamin, has 6 isoforms, with pyridoxal 50-phosphate being the most
active, acting as a cofactor in many reactions, including the synthesis, transformation, and
degradation of amino acids. In the elderly, marginal deficiency is common, and therefore, vitamin
B6 status can have an important relationship with musculoskeletal aging, sarcopenia, and frailty
[51].

Vitamin B12, or cobalamin, also water-soluble, is a coenzyme involved in numerous metabolic
reactions, primarily in the normal functioning of the nervous system. It has the potential to
negatively impact muscle function, leading to weakness and reduced muscle mass, and
contributing to sarcopenia in the elderly [49].

It has been shown that vitamin B12 and folate reduce homocysteine levels by acting synergistically
on the one-carbon metabolism pathway: elevated homocysteine concentrations can impair
physical functioning through mitochondrial dysfunction and increased oxidative stress.
Meanwhile, reduced intake of vitamin B6 and folate appears to be associated with an increased
risk of sarcopenia and frailty [52].

The relationship between vitamin B12 deficiency and frailty in the elderly is well established: low
levels of B12 are associated with an increased incidence of frailty and negatively affect physical
performance, particularly walking speed [53].

Although currently there is only limited evidence of the effectiveness of vitamin B12 on frailty pa-
rameters [50].

Several studies support the hypothesis that a deficiency in B12 negatively impacts both muscle
mass and physical performance, but with varying effects depending on health status and sex, parti-
cularly in females [49]. The discrepancy in the data so far may be due to the fact that vitamin B12
is often assessed in combination with other micronutrients that could have confounding effects
[50], or it could be that individual B vitamins act through additional mechanisms that are not yet
well identified [52].

Although serum cobalamin levels are widely used both in clinical practice and research, they only
measure the total amount and not the metabolically active form. To date, there is no gold stan-
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dard biomarker for assessing vitamin B12 status. Current dietary recommendations for vitamin
B12 vary between 2.4 pg/day in the USA and 4 pg/day in Europe [47], while in Italy, an intake of
2.4 pg/day is recommended for both sexes. The Upper Intake Level (UL) for vitamin B12 has not
been established due to its low potential toxicity. In fact, the human body does not store excessive
guantities, so vitamin B12 is generally considered safe, even in higher doses. In the case of vitamin
B6, Italian recommendations advise an intake of 1.7 mg/day for males and 1.5 mg/day for females
over 60 years old, with a UL of 25 mg/day. For folate, a daily intake of 400 pg is recommended for
both sexes, with a UL of 1000 pg/day [54].

Nutritional interventions and strategies for older people
e Nutritional intervention programs and Nutritional educational

The progressive functional decline associated with aging not only negatively impacts the quality of
life of elderly individuals but also represents a major challenge for global healthcare systems.
Common conditions as frailty and sarcopenia worsen clinical outcomes and increase costs, with
prolonged hospitalizations, the need for assistance, and higher mortality rates. This situation may
become unsustainable in light of the growing aging population [1;2].

Currently, there are no specific pharmacological treatments for sarcopenia and frailty in older
adults. Fortunately, lifestyle modifications, including nutritional interventions and increased physi-
cal activity, can serve as effective preventive and therapeutic strategies. Nutrition is indeed a mo-
difiable risk factor for conditions like frailty and sarcopenia, making it a key target for both their
prevention and treatment [30].

It is crucial to implement effective strategies to combat malnutrition and sarcopenia by ensuring
adequate energy and protein intake [28]. A meta-analysis on the link between diet quality and
frailty showed that adherence to dietary patterns rich in plant-based foods and low in ultra-pro-
cessed foods had beneficial health effects, with a lower risk of frailty [30]. Therefore, older adults
should be encouraged to follow a healthy diet that includes a variety of nutrient-dense foods, in-
cluding both animal and plant-based protein sources [24].

National and international nutritional guidelines recommend an energy intake tailored to the spe-
cific needs of the patient and ensure sufficient protein intake to stimulate muscle anabolism and
prevent the loss of muscle mass and function [5;24].

The effects of dietary habit modifications can be enhanced by an active lifestyle. A sedentary life-
style can contribute to the accumulation of adipose tissue and the loss of lean mass, including mu-
scle, exacerbating the metabolic and inflammatory mechanisms that contribute to comorbidities
and the development of frailty in the elderly. Frailty manifests in various ways, medical, nutritio-
nal, psychological, functional, and social [28]. Therefore, a comprehensive approach to managing
frailty is necessary, ideally through a multidisciplinary approach.

20



e Maediterranean and other dietaty patterns

Strong evidence links diet quality to the development of frailty and sarcopenia: higher
consumption of fruits and vegetables and reduced intake of ultra-processed foods are associated
with a lower risk of these debilitating conditions. Dietary patterns as the Mediterranean Diet
appear to be protective. In the literature, the Mediterranean Diet has been proposed as one of the
main treatment strategies to address frailty and loss of autonomy in the elderly [30;55].

The Mediterranean dietary pattern is characterized by a high intake of fruits, vegetables, legumes,
cereals, olive oil, nuts, and fish, which provide a higher supply of micronutrients, antioxidants,
polyphenols, and other plant-based bioactive compounds. It also includes a moderate intake of
poultry, dairy, and eggs, and a low consumption of red meat, dairy, and saturated fats. This overall
composition means that the Mediterranean Diet has greater antioxidant activity, anti-
inflammatory effects, and can help reduce the incidence of various diseases [46;55].

Globally, however, the majority of the population does not follow a Mediterranean Diet, especially
among the elderly, who tend to have a restricted diet, which is also associated with a low-diversity
gut microbiome. Greater adherence to the Mediterranean Diet modulates specific components of
the gut microbiota that appear to be linked to a lower risk of frailty, better cognitive function, and
reduced inflammation [55].

Overall, current evidence supports the hypothesis of protective effects with higher consumption of
fruits and vegetables [30].

In this regard, the Mediterranean Diet and the Nordic Diet share many similarities: both are based
on local and seasonal foods, predominantly plant-based, and are also focused on environmental
protection and sustainability. The main difference between the two diets is the primary source of
fats: olive oil is synonymous with the Mediterranean pattern, while the Nordic Diet uses more
rapeseed/canola oil [56].

Increasing evidence, however, highlights the connections between ultra-processed foods with high
energy density and low nutrient content, such as meat-based products, salty snacks, and sugary
drinks, which are substantial components of diets in high-income settings, like the Western Diet,
and negative health effects. A recent Spanish study showed an increased incidence of frailty in the
elderly population consuming a high amount of processed foods [30].

The traditional Mediterranean Pattern, on the other hand, is rich in "functional foods" known for
their positive effects on health and well-being. Unlike diets high in saturated fats, particularly trans
fats, and cholesterol, such as the Western Diet, the Mediterranean Diet derives about 85% of its
fat content from olive oil, which is rich in monounsaturated fatty acids like oleic acid. Oliviero F et
al. emphasize that the Mediterranean dietary pattern, including all food groups, can be considered
nutritionally adequate and complete, safe, healthy, easy to follow, and associated with long-term
weight control, as well as the maintenance of a "good" intestinal microbiota [46].
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e Diet personalization

Meeting intake goals for various macro and micronutrients is often challenging, especially in older
adults at risk of malnutrition, sarcopenia, and frailty. In this context, personalized nutritional
counseling that starts and advances alongside the nutritional intervention could improve
compliance and establish more appropriate dietary habits over time [26].

As highlighted by the ESPEN practical guidelines for older adults, energy and protein intakes
should be tailored to the individual patient, taking into account factors such as age, sex, the
presence of diseases, states of hypercatabolism, and levels of physical activity [5].

Nutritional interventions, as individualized as possible, should meet recommended macro and
micronutrient intakes while also considering the preferences of individual patients, promoting
conviviality and an active social life.

Methods

e Study design and partecipants

This PhD Project aims to evaluate the effectiveness of a personalized energy-protein intake in re-
ducing frailty progression and loss of muscle mass and function in older people.

We enrolled outpatients who accessed the Clinical Nutrition Unit of the Padua University Hospital
from December 1, 2021, to July 31, 2024. Subjects under 65 years of age, underweight or obese,
with decompensated chronic diseases, chronic renal failure from stade Ill (with eGFR<60 ml/min/
sq), terminal or actively treated cancers, those dependent in daily activities, and/or with physical-
neurological-cognitive disabilities that prevented participation in the protocol were excluded. Af-
ter obtaining informed consent participants were randomized into the 2 study groups.

Both groups followed a personalized energy and protein intake based on ESPEN Guidelines, which
recommended 25-30 Kcal/kg/day and 1-1.2 g of protein/kg/day, with higher dietary intake of vita-
mins B12, B6, and folate, as recommended by major national and international nutritional Guideli-
nes. Group A followed an individualized diet with protein redistribution across daily meals, specifi-
cally increasing protein intake in the morning, Group B followed an equally personalized and ba-
lanced diet without protein redistribution throughout the day. Table 3 summarizes the bromato-
logical composition of the nutritional intervention provided to the study participants, with an ave-
rage intake of 25 Kcal/kg/day and 1.15 g of protein/kg/day.
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Energy [Kcal] 1710 £ 382
[Kcal/kg/die] 25
Proteins [g (%)] 81+20(19.4)
[g/kg/die] 18.5
Breakfast proteins [g (%)] | 16 +6(19.7)
Lunch proteins [g (%)] 31+12(38.2)
Dinner proteins [g (%)] 29 +10 (35.8)
Carbohydrates (%) 55
Lipidis (%) 33
Fiber (g) 30+2.9

Mean and standard deviation

Table 3. Bromatological composition of the dietary intervention.

During the visit, screenings for malnutrition, frailty, and sarcopenia were conducted, and question-
naires were administered to assess cognitive status, possible depression, autonomy in daily activi-
ties, and physical activity levels.

Anthropometric parameters, body composition and physical performance were evaluated in all
patients. The outpatient medical visit was followed by dietary counseling, aimed at explaining the
dietary plan and reinforcing compliance during the follow-up period. Between outpatient visits,
dietitians conducted telemedicne interviews and a recall to identify any difficulties in following
dietary recommendations and assess adherence.

Participants were followed up with a reassessment using the same protocol every 3 months for 12
months.

Biochemical tests, including blood count, lipid profile (total cholesterol, HDL, LDL; triglycerides),
glucose profile (fasting blood glucose, glycated hemoglobin), albumin, prealbumin, electrolytes, li-
ver transaminases, cholestasis indices, urea, creatinine, iron profile (iron, ferritin, transferrin,
transferrin saturation), cobalamin, folate, and TSH, were assessed at the beginning and every 6
months.

All patients were advised to engage in regular, frequent and moderate physical activity, including
both aerobic and resistance exercises, compatible with their clinical conditions.

Adherence to dietary recommendations was assessed using a 3-day food diary, which patients
completed in the 3 days preceding each outpatient visit. The composition of macro- and micro-
nutrients in the diet followed by the elderly at baseline and throughout the follow-up period was
analyzed using Metadieta® software version 3.4.1.1.

The study was conducted in accordance with the Declaration of Helsinki.
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Figure 5. Study Flow Chart.
e Screening and diagnostic tools

Malnutrition

For nutritional risk screening, we used the Mini Nutritional Assessment (MNA), a simple and quick
method to identify elderly individuals at risk of malnutrition or who are already malnourished. It
considers anthropometric assessment (weight, height, and weight loss), general assessment (life-
style, therapy, and mobility), dietary assessment (number of meals, food and liquid intake), and
self-assessment of nutritional autonomy (self-perception of health and nutrition). It classifies the
elderly as well-nourished (24-30 points), malnourished (<17 points), or at risk of malnutrition (17-
23.05 points).

If a patient is at risk of malnutrition, their nutritional status should be assessed and diagnosed
using the GLIM (Global Leadership Initiative on Malnutrition) criteria. The GLIM diagnosis of mal-
nutrition requires the concurrent presence of two predefined causal criteria (low food intake, poor
food assimilation, inflammation, presence of disease) and at least one of three typical phenotypic
criteria: low muscle mass (detected by validated measurements of body composition percentage
of water, fat, and muscle), unintentional weight loss, and low BMI (body mass index).

Sarcopenia

The risk of sarcopenia was assessed using the SARC-F questionnaire (Strength, Assistance in
walking, Rising from a chair, Climbing stairs, and Falls), a validated first-level sarcopenia screening
tool recommended by the EWGSOP2 (European Working Group on Sarcopenia in Older People)
criteria[3]. A SARC-F score 24 is the cutoff value for detecting individuals at risk of sarcopenia.
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Figure 6. EWGSOP2 algorithm for the identification, diagnosis, and determination of sarcopenia severity [3]
Frailty

To assess frailty, the FRAIL scale was used, consisting of five simple questions:

1) self-reported fatigue,

2) poor endurance based on the inability to climb a flight of stairs,

3) limited mobility, defined as the inability to walk one block,

4) the presence of 5 or more illnesses,

5) unintentional weight loss of 5% in the last 6 months.

The answers are yes/no, with one point assigned for any affirmative answer. Subjects are then
classified as robust (0 points), pre-frail (1-2 points), and frail (=3 points).

¢ Outcome measures

Cognitive status

Cognitive assessment was performed using the Mini-Mental State Examination (MMSE), an 11-
item test adjusted for educational level (maximum score of 30), with four threshold levels for
cognitive impairment severity: no cognitive impairment (24-30), mild cognitive impairment (19-
23), moderate cognitive impairment (10-18), and severe cognitive impairment (<9).

Autonomy in daily activities

The modified Barthel Index was used to measure disability or dependence in activities of daily
living (ADL). It is a globally validated scale often used in research. This five-step scoring system
assigns a numerical value to each activity based on the need for assistance, with the highest score
representing complete independence and the lowest score (0) indicating complete dependence.
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Possible depression

Potential depressive symptoms were investigated using the Geriatric Depression Scale (GDS), a
validated 15-item scale. The final score ranges from 0 (no depressive symptoms) to 15 (probable
depression).

Physical activity level

The Physical Activity Scale for Older Adults (PASE) is a brief (5-minute), easy-to-complete survey
specifically designed to assess physical activity in people aged 65 and older. It combines
information on recreational, household, and occupational activities. The PASE assesses the type,
frequency, duration, and intensity of activities in the week prior to evaluation, with higher scores
indicating greater physical activity.

Anthropometry

To weigh the elderly subjects, a balance scale (Wunder RH 300, maximum weight 300 kg) with a
sensitivity of 100 grams was used, while height was measured with a stadiometer (SECA) with a
sensitivity of 0.1 cm. A measuring tape with a sensitivity of 0.1 cm was used to assess
circumferences. Skinfold thickness was measured with a caliper (John Bull, made in England) with
a precision of one-fifth of a millimeter and a constant force of 10 g/mm? at the applied point. All
measurements were performed by operators after specific training.

Body Composition

Bioimpedance analysis (BIA) was used to assess body composition with a tetrapolar bioimpedance
analyzer (Akern® NutriLab - 50 kHz sinusoidal current, 0.8 A intensity), and the data were
processed by Akern Srl's Bodygram® Dashboard software version 1.0. Although reliable, non-
invasive, and reproducible like ultrasound analysis, BIA is one of the reference methods recognized
by the EWGSOP2 guidelines for the quantitative and qualitative study of muscle parameters, along
with dual-energy X-ray absorptiometry (DXA), computed tomography (CT), and magnetic
resonance imaging (MRI). However, compared to other methods, it has the advantage of being
cost-effective and not exposing subjects to ionizing radiation [57].

e Statistical Analysis

All data on our elderly subject were stored on a Microsoft Office Excel® 2013 file (Microsoft
Society). SPSS® software version 15.0 (Statistical Packages for Social Science, Chicago, IL) it was
used for statistical analyses. Continuous variables were expressed as mean + standard deviation
(SD). Categorical variables are instead presented as a percentage frequency. The two-tailed
Student's T-test for independent variables was used for comparison of variables. Univariate linear
model was used to investigate association between continuous variables by determining Pearson's
correlation coefficient. Statistical significance a p<0.05 level was considered throughout analyses.
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Results

Among the elderly patients seen at the Clinical Nutrition Unit clinics, 153 subjects met the
inclusion criteria, of which 85 agreed to participate in the study. During the 3-year study period,
there were 13 dropouts, due to the worsening of known chronic diseases or the onset of new
diseases requiring active treatment. No deaths were recorded during the follow-up period.

W Female
m Male

65.9%

Graphic 1. Gender Differences.

In our sample, 65.9% (n=56) were female (Graphic 1), with an average age of 73 years (SD £ 5

years).
At the first evaluation, only 1 participant was sarcopenic according to EWGSOP2 criteria, and none

were malnourished or frail. We identified 6 subjects (7%) at risk of malnutrition, and 21 (24.7%)
were pre-frail (Table 4).

MNA SARC-F CFS
24-30 |79 |24 1 1-3 | 64
17-235 | 6 4 21
<4 | 84
<17 0 >5 0

Table 4. Screening tools for malnutrition, sarcopenia and frailty.

The participants were independent in ADLs, showed no signs of depression, and had normal
cognitive levels. Overall, they presented with a profile of being overweight, with fat distribution
predominantly in the abdominal area. The baseline characteristics of partecipants are summarized
in Table 5.
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Variables n=85 Variables n=85
Age (years) 735 Triceps fold (mm) 22+1.4
MMSE 27.6£0.2 PhA (°) 5.5£0.5
GDS 25+0.7 FM (kg) 19.5 + 13.2
Barthel index 104.5+0 FFM (kg) 51.2+12
PASE 141.2 +38.4 FFMI (kg/m?) 19.1+45
SPPB 9.8+1.4 ASM (kg) 18.4+9.1
Weight (kg) 70.7+1.1 SMI (kg/m?) 84+75
BMI (kg/m?) 27.9+0.6 ASMI (kg/m?) 6.9+3.5
Waist circunference (cm) 96.1+12 BCM (kg) 26.2+10.6
Arm circunference (cm) 30.6+2.1 BCMI (kg/m?) 9.7+5.7
Calf circunference (cm) 37.2+10.6 Handgrip strenght (kg) 24.8+0.2

Mean and standard deviation

(MMSE=Mini Mental State Examination; GDS=Geriatric Depression Scale; PASE=Physical Activity Scale for the Elderly; SPPB=Short
Physical Performance Battery; BMI=Body Mass Index; PhA=Phase Angle; FM=Fat Mass; FFM=Free Fat Mass; FFMI= Free Fat Mass
Index; ASM= Appendicular Skeletal Muscle Mass; SMI= Skeletal Muscle Mass Index, ASMI= Appendicular Skeletal Muscle Mass Index;
BCM = Body Cellular Mass; BCMI = Body Cellular Mass Index; HG= Handgrip strenght)

Table 5. Baseline characteristics of partecipants.

At the end of the 12-month follow-up period, none of the participants were found to be
sarcopenic, malnourished, or frail; only one subject was identified as pre-frail and at risk of
malnutrition. Over the 12 months of follow-up, the entire sample showed from the beginning of
the dietary interventio up to 6 months a reduction in body weight and body mass index (BMI) and
a weight maintenace in the last 6 months; the reduction in abdominal circumference was
sustained even after 1 year.

Regarding body composition, a statistically significant increase in phase angle and a reduction in
fat mass were observed, both with a p-value <0.05 at the fourth follow-up. Lean mass parameters
measured by BIA remained substantially stable, although not statistically significant; all lean mass
and active cell mass parameters showed an increase over the entire follow-up period. Additionally,
an improvement in muscle function and physical performance was observed, expressed as
handgrip strength and gait speed, compared to the initial outpatient evaluation (Table 6).

Baseline (n=85) | 1 FU (n=77) | 2 FU (n=69) | 3 FU (n=64) | 4 FU (n=62)
w 70.7 69.9” 70.9" 71.6 71.6
BMI 27.9 26.4 26.3" 26.3 26.4
e 96.1 92.4" 95.4" 94.9” 95.8°
PhA 5.5 5.53" 5.5 5.6" 5.6"
FM 19.5 18’ 19.8 18.4° 19°
FFM 51.2 52.0 52.1 53.1 52.9
FFMI 19.1 19.3 19.2 19.5 19.4
ASM 18.4 18.8 19.1 19.1 19.2
Baseline (n=85) | 1 FU (n=77) | 2 FU (n=69) | 3 FU (n=64) | 4 FU (n=62)
SMI 8.4 9.1 8.9 9.1 9.0
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ASMI 6.9 7.1 7.1 7.2 7.1
BCM 26.2 26.9 26.9 26.9 26.6
BCMI 9.7 9.9 9.8 9.9 9.8
HG 24.8 25.0 26.0 26.4 26.6°
SPPB 9.8 10.0 9.9 10.4° 10.0
GS 1.05 1.04 1.04 0.97" 0.96

T-Test; "p<0.05; “"p<0.005

(W=weight; WC=Waist circunference; PhA=Pahse Angle; FM=Fat Mass; FFM=Free Fat Mass; FFMI= Free Fat Mass Index;
ASM= Appendicular Skeletal Muscle mass; SMI= Skeletal Muscle Mass Index; ASMI= Appendicular Skeletal Muscle Mass
Index; BCM = Body Cellular Mass; BCMI = Body Cellular Mass Index; HG=Handgrip strenght; SPPB=Short Physical
Performance Battery; GS=Gait Speed)

Table 6. Anthropometric parameters, bioimpedance and physical performance data.

The analysis of the habitual diet followed by the study participants revealed an energy and protein
intake lower than that recommended by ESPEN guidelines: 24 kcal/kg/day and <1 g of protein/
kg/day. The recommended dietary intakes for vitamins B6, B12, and folate, as outlined in the 2014
Italian LARN guidelines, were also not met. Only 7% (n=6) of the recruited subjects were taking a
multivitamin supplement containing B vitamins. After 12 months of dietary intervention, the elder-
ly participants modified their eating habits, reaching an intake of 25 kcal/kg/day and a protein in-
take from natural foods of >1 g/kg/day.

Regarding protein intake, there was an increase in protein consumption during the first part of the
day, specifically at breakfast and lunch (A=+10 g, p=0.008), with a significant increase at breakfast
(A=+5 g, p=0.0001), and a reduction in protein intake at dinner (A=-3 g, p=0.046). Renal function
remained stable at the semi-annual check-ups conducted during the follow-up period.

Additionally, although there was an increase in lipid intake (35% vs 33% of total daily kcal,
p=0.0001), the intake of MUFA and PUFA fatty acids significantly increased, particularly EPA and
DHA (A=+153 mg and A=+335 mg, respectively; p=0.0001).

With regard to B vitamin intake, an increase was observed (A=+3 mg, A=0.4 mg, A=+45 pg, respec-
tively, p<0.05), reaching the recommended intake levels for sex and age. The serum levels of holo-
transcobalamin and folate were within range both at baseline and throughout the follow-up pe-
riod.

Additionally, daily dietary protein intake was positively correlated with BIA lean mass parameters
and muscle strength (Table 7).

Daily protein intake (g)

1FU 2FU 3FU 4 FU
(n=77) | (n=69) | (n=64)| (n=62)
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HG | 0.103 | 0.267° | 0.243 | 0.325
FFM | 0.159 | 0.305" | 0.388" | 0.247"
FFMI | 0.171 | 0.296" | 0.409 | 0.232
BCM | 0.150 | 0.274" | 0.381" | 0.201
BCMI | 0.130 | 0.265° | 0.375" | 0.175

Pearson’s coefficient; ‘p<0.05; ~“p<0.005;

(HG=Handgrip strenght; FFM=Free Fat Mass; FFMI= Free Fat Mass
Index; BCM = Body Cellular Mass; BCMI = Body Cellular Mass Index)

Table 7. Positive correlations between dietary protein intake, lean body mass parameters, and handgrip strength.
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Grafic 2. Positive correlation between dietary protein intake, handgrip strenght (A) and free-fat mass(B) al 4° follow
up. (r= Pearson’s coefficient)

Regarding the redistribution of protein across the main meals, protein intake at breakfast was
positively associated with the PASE score (r=0.255; p=0.043), handgrip strength (r=0.266;
p=0.035), and lower limb performance assessed by the SPPB (r=0.308; p=0.014), while it was
negatively correlated with walking speed (r=-0.348; p=0.005). Additionally, a positive association
emerged between protein intake during the first part of the day, at breakfast and lunch, and
handgrip strength (r=0.287; p=0.023).

Regarding the intake of vitamins B6, B12, and folate, dietary intake of vitamin B6 was positively as-
sociated with all lean mass parameters up to the third follow-up, a finding not confirmed at 12
months following the nutritional intervention. In contrast, vitamin B12 remained positively corre-
lated with handgrip strength even at the end of the follow-up year (Table 8). Correlations were
confirmed even after adjusting vitamin intake for protein intake. No correlations were found for
folate.

A Daily vitamin B12 intake (mg) 1FU 2FU 3FU 4FU
(n=77) (n=69) (n=64)
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(n=62) B Daily vitamin B6 intake (mg)
HG | 0.154 | 0.263" | 0.132 | 0.263" 1FU | 2°FU0 | 3°FU | 4FU
FFM | 0.136 | 0.267° | 0.010 | 0.095 (n=77) | (n=69) | (n=64) | (n=62)
FFMI | 0.257 | 0.296" | 0.045 | 0.022 HG | 0.061 | 0.130 | 0.201 | 0.162
ASM | 0.160 | 0.075 | 0.081 | 0.123 FFM | 0.123 | 0.263" | 0.258" | 0.164
ASMI | 0.176 | 0.161 | 0.120 | 0.065 FFMI | 0.081 | 0.303" | 0.302" | 0.218
SMI | 0.218 | 0.095 0.104 | 0.115 ASM | 0.120 | 0.262" | 0.338" | 0.100
BCM | 0.177 | 0.271° | 0.015 | 0.176 ASMI | 0.104 | 0.249" | 0.263" | 0.108
BCMI | 0.160 | 0.303" | 0.039 | 0.307 sMI | 0.075 | 0.176 | 0.284" | 0.161
BCM | 0.115 | 0.244" | 0.279" | 0.118
Pearson’s coefficient; "p<0.05; “p<0.005 BCMI | 0.095 | 0.255° | 0.308" | 0.160

(HG=Handgrip strenght; FFM=Free Fat Mass; FFMI= Free Fat Mass Index; ASM= Appendicular Skeletal Muscle mass; ASMI=
Appendicular Skeletal Muscle Mass Index; SMI= Skeletal Muscle Mass Index; BCM = Body Cellular Mass; BCMI = Body
Cellular Mass Index)

Table 8. Correlation between dietary vitamin B6 (A) and B12 (B) intake and lean body mass para-
meters and handgrip strength.

Regarding gender differences (Table 9), after 1 year of follow-up, a reduction in abdominal circum-
ference was observed (A=-2.2 cm; p=0.027) along with an increase in cell body mass (BCM A=+3.8
kg, BCMI A=+0.8 kg/m?; p<0.05) in females. In contrast, males showed an improvement in phase
angle (5.9° vs 5.7°), cell body mass (BCM A=+5.5 kg; BCMI A=+1.5 kg/m?; p<0.05) and handgrip
strength (A=+2.4 kg).

Females Males
Baseline (n=56) | 4 FU (n=38) | Baseline (n=29) | 4 FU (n=24)
w 67.317.3 66.71+7.0 80.419.2 80.2+8.8
BMI 26.312.6 26.1+2.7 27.1£2.3 27.1+2.1
wC 94.916.7 92.717.9 102.5£7.7 101+7.2
PhA 5.320.5 5.3+0.6 5.910.5 5.7x0.4
FM 21.745.4 20.615.8 17.616.0 16.5£7.8
FFM 45.9+3.5 46.1+4.6 62.815.4 63.816.0
FFMI 17.9+1.3 18.0£1.9 21.3+1.6 21.612.1
ASM 16.4£1.6 16.5£3.6 22.5+3.7 23.615.3
SMI 7.810.8 7.812.3 6.9+1.1 8.0+3.0
Females Males
Baseline (n=56) | 4 FU (n=38) | Baseline (n=29) | 4 FU (n=24)
ASMI 6.4+0.9 6.5£1.2 8.0£1.0 8.2+1.2
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BCM 22.916.4 26.7+2.6 27.216.2 32.743.1
BCMI 8.911.6 9.7¢t1.1 9.6%2.5 11.1+1.0
HG 19.946.0 19.6+5.3 34.5+6.9 36.9+6.4
SPPB 9.9+1.8 9.7+1.9 9.9+1.7 10.3x1.4
GS 1.05+0.20 1.10+0.26 1.03+0.22 1.00+1.2

Mean and standard deviation

(W=weight; WC=Waist circunference; PhA=Pahse Angle; FM=Fat Mass; FFM=Free Fat Mass; FFMI= Free Fat Mass
Index; ASM= Appendicular Skeletal Muscle mass; SMI= Skeletal Muscle Mass Index; ASMI= Appendicular Skeletal
Muscle Mass Index; BCM = Body Cellular Mass; BCMI = Body Cellular Mass Index; HG=Handgrip strenght; SPPB=Short
Physical Performance Battery; GS=Gait Speed)

Table 9. Gender differences between baseline and 4° follow-up.

Considering the dietary modifications brought about by the nutritional intervention, an increase in
protein intake at breakfast was noted for both sexes (A=+4 g; p<0.05). Females significantly increa-
sed their morning, breakfast and lunch, protein intake (A=+5 g; p<0.05). Both males and females
reached the recommended intakes for B vitamins, but only females showed a significant increase
in these vitamins intake compared to previous eating habits (B12 4.8 mg vs 2.6 mg, B6 1.8 mg vs
1.4 mg, folate 403 pg vs 353 ug; p<0.05).

Comparing the two study groups, regarding body composition, abdominal circumference decre-
sead in both groups at the 4° follow-up, while an increase in phase angle and an improvement in
gait speed were observed only in Group A (Table 10 — Graphic 3).

Group A w BMI | WC | PhA | FFM | FFMI | ASM | SMI| HG | GS
Baseline (n=37) | 75.5 | 26.7 | 99.7 | 56 | 56.5 | 19.7 | 19.4 | 9.1 | 259 | 1.0
1 FU (n=36) 73.0° | 263 | 976 | 56 | 543 | 19.7 [19.5° | 9.1 | 26.8 | 0.94
2 FU (n=31) 7297 | 26.2” | 96.8" | 5.7 | 55.5° | 19.9" | 20.1 | 9.3 | 27.0 | 0.97
3 FU (n=30) 745 | 26.3 | 97.87 | 597 | 57.5 | 20.3 |20.6° | 9.8 | 27.0 | 0.88"
4 FU (n=30) 72.4 | 26,6 | 96.7" | 6.07 | 57.3 | 20.2 | 20.2 | 9.7 | 27.5 | 0.94°

Group B W | BMI | WC | PhA | FFM | FFMI | ASM | SMI | HG | GS
Baseline (n=48) | 71.4 | 279 | 980 | 54 | 519 | 193 | 183 | 8.5 | 23.7 | 1.08
1 FU (n=41) 71.0 | 26.6 | 97.1 | 55 | 53.3|209|195| 99 | 239 1.08
2 FU (n=38) 72.0 | 26,6 | 97.5 | 54 | 52,6 | 193|195 | 9.6 |24.2| 1.11
3 FU (n=34) 71.7 | 26.4 | 96.87 | 5,57 | 52.9 | 19.5 | 19.7 | 9.7 | 24.5 | 1.04
4 FU (n=32) 70.5 | 26,5 | 95.7° | 56 | 529 | 19.5| 196 | 9.7 | 253 | 1.12

T-Test "p<0.05; “'p<0.005
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(W=weight; BMI=Body Mass Index; WC=Waist circunference; PhA=Phase Angle; FFM=Free Fat Mass; FFMI= Free Fat Mass Index;
ASM= Appendicular Skeletal Muscle mass; SMI= Skeletal Muscle Mass Index; HG=Handgrip strenght; GS= Gait Speed)

Table 10. Statistically significant differences between the 2 study groups (Group A and Group B).

Gait Speed SPPB

W baseline * L % * *
m1FU

m2FU

m3FU

m4FU

* p<0,05

Group A Group B Group A Group B

Graph 3. Trends in gait speed and lower limb physical performance (SPPB) in the 2 groups during the follow-up
period.

In addition, regarding the dietary intervention, both study groups maintained an energy and
protein intake in accordance with the recommendations of the ESPEN guidelines: 25 kcal/kg/day
and 1.05 g of protein per day. Table 11 shows the bromatological composition reported by
participants at the 4° follow up.

Group A Group B
Energy (Kcal) 1718 Energy (Kcal) 1763
Kcal/kg/die 25 Kcal/kg/die 25
Proteins (g) 84 Proteins (g) 75
g/kg/die 1,15 g/kg/die 1,05
Proteins (%) 17,9 Proteins (%) 18,5
Breakfast proteins (%) | 23,8 Breakfast proteins (%) | 17,3
Lunch proteins (%) 32,1 Lunch proteins (%) 37,3
Dinner proteins (%) 33,3 Dinner proteins (%) 40
Carbohydrates (%) 51,6 Carbohydrates (%) 49,9
Lipidis (%) 30,5 Lipidis (%) 31,6
Fibers (g) 30 Fibers (g) 25

Table 11. The bromatological composition reported by participants at the 4° follow up.

Finally, analyzing the diets reported by participants in the 2 study groups, the main differences ob -
served were in protein intake at breakfast (13 g in Group A vs 9 g in Group B), with a significant in-
crease in protein intake at breakfast in Group A compared to baseline dietary habits (A=+9 g,
p<0.05; Table 12).
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Group A Baseline | 4°FU Group B Baseline | 4°FU
Proteins/die (g) 73.0 84 Proteins/die (g) 72.6 75
g/kg/die 0.90 1,15 g/kg/die 0.98 1,05
Breakfast proteins (g) 8.9 17.9 Breakfast proteins (g) 7.6 9.2
Lunch proteins (g) 31.3 28.4 Lunch proteins (g) 29.0 30.5
Dinner proteins (g) 26.3 295 Dinner proteins (g) 30.5 29.1

Mean values

Table 12. Protein redistribution in the main meals in the two study groups, at baseline and at the 4° FU.

A subgroup of participants (n=36) was reassessed 12 months after the conclusion of the study, fol-
lowing the same study protocol. An improvement in phase angle (5.8° vs 5.4°; p=0.0001) and
handgrip strength (A=+2.4 kg, p<0.016) compared to the baseline evaluation was observed. Regar-
ding dietary habits, participants maintained an increased protein intake during the first part of the
day (A=+7 g, p<0.028) compared to their pre-intervention dietary habits and continued to consu-
me vitamin B12 and B6 from food sources as recommended by national and international guideli-
nes (4.8 mg vs 3 mg and 2.9 mg vs 1.6 mg, respectively).

Discussion

The progressive pathophysiological and multifactorial deterioration associated with aging affects
the health status of the elderly, reducing quality of life and destabilizing independence in daily ac-
tivities [1]. This increased vulnerability in elderly individuals is exacerbated by inadequate dietary
habits, loss of muscle mass and function, and frailty syndrome [2;3]. In the absence of specific, ap-
proved, and safe pharmacological treatments, lifestyle modifications, including both nutrition and
physical activity, represent a critical strategy to slow down or reverse these processes, contribut-
ing to the maintenance of muscle health and the prevention of frailty [4;26;30]. The PhD project
aimed to identify which dietary changes, combined with an active lifestyle, are associated with a
modifications of the physiological progression of these conditions, exploring how changes in di-
etary intake of macro- and micronutrients could contribute to the preservation of muscle mass
functionality. While a dysfunctional immune and hormonal response, pathological conditions,
changes in body composition, sedentary lifestyle, and unbalanced diet are involved in the develop-
ment of frailty and sarcopenia, the underlying pathophysiological mechanisms are not yet fully un-
derstood [17]. Current evidence supports that nutrition, ensuring sufficient and adeguate energy
and protein intake, plays a fundamental role in supporting muscle plasticity, promoting anabolism
and reducing catabolism of muscle mass [5;26;28;57].
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Participants in the study exhibited dietary habits that did not meet their estimated needs, with
<25 kcal/kg/day and <1.0 g/kg/day of protein intake, despite being fit patients with normal cogniti-
ve status, without decompensated diseases or physical-neurological disabilities, autonomous in
ADLs, and moderately active, even socially. The initial assessment, in fact, revealed only one sarco-
penic subject, with a SARC-F score 24, no malnourished or frail subjects, but 6 partecipants at risk
of malnutrition and 21 pre-frail, demonstrating the usefulness of screening tools for initiating ne-
cessary management as recommended by international guidelines [5].

The personalized nutritional intervention proved effective in preventing the progression of mal-
nutrition, muscle mass and strength loss, and frailty, as by the end of the one-year follow-up, no
subjects were malnourished, sarcopenic, or frail, with a reduction in the conditions of risk for mal-
nutrition and pre-frailty: only 1 subject was pre-frail and at risk of malnutrition. To investigate the-
se conditions, validated screening methods were chosen that were also practical to use in out-
patient settings and for the type of patients evaluated. However, the results obtained may have
biases related to the scores used in the protocol.

Specifically, for sarcopenia, the use of questionnaires as a pre-screening tool has been strongly en-
dorsed by the EWGSOP2 consensus [3], and an acceptable agreement with diagnostic methods for
muscle mass and function loss (DXA and BIA) has been demonstrated. The SARC-F questionnaire, a
subjective assessment that cannot be measured directly, reflects patient-reported disability and
differs from other screening tools, such as the MSRA (Mini Sarcopenia Risk Assessment), which is
based on objective and measurable parameters, also exploring nutritional aspects and their poten-
tial role in the development of sarcopenia. A recent study by Rossi AP et al. demonstrated the vali-
dity of both of these first-level screening tools for sarcopenia risk, even in hospitalized patients
[58]. The elderly evaluated in the study, despite having a SARC-F score <4, grip strength (mean of
24.8 kg, 34.5 kg in males and 19.9 kg in females), appendicular muscle mass (ASM 22.4 kg in males
and 16.4 kg in females), and height-indexed muscle mass (ASMI 8.0 kg/m? in males and 6.4 kg/m?
in females) above the cut-offs established by the EWGSOP2 algorithm, showed a slower gait speed
compared to the threshold used to define the severity of sarcopenia (1.05 m/s vs. 0.8 m/s). This
result seems to confirm the limitation of SARC-F as a screening tool, as despite its high specificity,
it has low sensitivity in detecting sarcopenia. A recent review confirmed that while SARC-F remains
the most recommended screening tool, there is a need for a simpler and more accurate assess-
ment tool [59].

Over the 12-month follow-up period, a change in body composition was observed across the enti-
re sample of elderly subjects evaluated. After an initial reduction, body weight and BMI stabilized
at an overweight range (mean BMI 26.4 kg/m?). The study participants started in an overweight
condition, and a slight weight loss followed by maintenance was considered a goal to pursue,
especially when associated with the reduction of certain risk factors for non-degenerative chronic
diseases that could promote the development of frailty, such as the reduction of fat mass and the
maintenance of lean mass, including muscle tissue trophism. This finding is supported by the lite-
rature. Recently, Trevisan C et al. highlighted how being underweight and having a poor nutritional
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status are risk factors for falls in both community-dwelling and institutionalized individuals, accele-
rating age-related functional decline [60].

Furthermore, numerous data support the hypothesis of a beneficial relationship between a higher
BMI and health status in the elderly, while the negative metabolic consequences of excess weight
appear to be more attenuated. An epidemiological study conducted by the University of Padua de-
monstrated a positive association between a higher BMI and better cognitive performance [61],
supporting the idea that being overweight may help preserve better cognitive function, another
crucial factor in maintaining autonomy in ADLs in elderly subjects.

At the end of the one-year follow-up period, a significant reduction in abdominal circumference
was confirmed in the study sample. This anthropometric measurement, a surrogate marker for vi-
sceral adipose tissue, tends to increase with aging, promoting metabolic alterations, insulin resi-
stance, chronic low-grade inflammation, mitochondrial dysfunction, and oxidative stress. These
factors explain the link between excess centrally distributed adipose tissue and skeletal muscle dy-
sfunction in the elderly [57]. This finding is also supported by evidence of a reduction in fat mass
from BIA measurements. Therefore, this result may demonstrate that the personalized dietary in-
tervention with adequate caloric and protein intake contributed to a reduction in this risk factor.
In this sense, the maintenance of body weight in the subgroup of elderly individuals reassessed 12
months after the conclusion of the study can be interpreted as a long-term goal to be pursued,
helping to avoid the negative metabolic consequences of a "wasting cycle."

In the present study, BIA was used to quantify muscle mass, a reference method for the diagnosis
of sarcopenia according to EWGSOP2 guidelines, alongside dual-energy X-ray absorptiometry
(DXA), computed tomography (CT), and magnetic resonance imaging (MRI) [3]. BIA has the advan-
tage of being reliable, non-invasive, portable, and reproducible, though it has the limitation of ove-
restimating skeletal muscle mass compared to gold standard methods, CT and DXA [3;28;29]. Ne-
vertheless, several studies have demonstrated acceptable concordance between the parameters
obtained with BIA and DXA [3].

Additionally, abdominal circumference is closely correlated with adipose tissue infiltration into the
muscle, leading to conditions such as myosteatosis and myofibrosis [62], factors that impair mu-
scle quality and function [63].

BIA represents an estimate of the body's lean mass but does not assess muscle quality, an aspect
that is gaining increasing importance. A method that could play a crucial role in this field is ultra-
sound technology, a simple, reproducible, and cost-effective tool. Through elastography and the
assessment of echogenicity, it can more precisely define the qualitative characteristics of muscle,
even in the elderly, although it is currently only briefly mentioned in the EWGSOP2 criteria for
sarcopenia [64]. In this study, however, this method was not considered due to the lack of opera-
tor training and precise reference cut-offs for the elderly. As with DXA, the parameters obtained
with BIA are influenced by the patient's hydration status. To reduce this variability and standardize
the collected data, bioimpedance analysis was preceded by a medical examination to exclude clini-
cally evident dehydration and/or fluid retention.
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The estimation of muscle mass using BIA relies on population-specific prediction equations, and
numerous studies have addressed this aspect, particularly in an attempt to identify the equation
relevant to appendicular muscle mass, a crucial clinical parameter for the diagnosis of sarcopenia
[57]. The equation found to allow an accurate and reliable estimation of appendicular skeletal mu-
scle mass (ASMM) is the one developed by Sergi [65]. The lack of significant changes in the bioim-
pedance parameters indicative of lean mass obtained in this study was interpreted as an index of
lean mass stability over the year, including ASM and ASMI, supporting the initial hypothesis that
dietary modifications can influence body composition in elderly subjects, slowing the loss of mu-
scle mass.

This hypothesis is further confirmed using an alternative marker, PhA (phase angle) measured by
BIA, which is the ratio between electrical resistance and reactance. As suggested by literature
data, PhA is an indicator of health, higher cellularity, membrane integrity, and cellular function,
and it has been attributed prognostic value for survival in various clinical contexts, including frailty
and mortality. It is also indicative of the muscle component and body cellular mass, to the extent
that it was proposed by the 2019 EWGSOP2 consensus as an index of muscle quality [57]. Several
studies have shown that PhA decreases with age, but specifically, a low PhA has been observed in
individuals with a high prevalence of sarcopenia [17;57]. Proposed cut-off values for the diagnosis
of sarcopenia are 3.58° for females and 4.25° for males [57]. In line with these data, the sample
evaluated in the project had a baseline mean PhA of 5.5°, 5.3° in females, and 5.9° in males, confir-
ming that there were no sarcopenic patients. Furthermore, the statistically significant increase in
PhA (p<0.05) recorded during the 12-month follow-up seems to confirm an improvement in the
general health status of these subjects.

Supporting these data, an improvement in muscle function, in terms of both strength and physical
performance, was observed by the end of the evaluation year. In line with recent evidence, using
only handgrip strength or lower limb physical performance alone does not sufficiently explain the
loss of muscle mass and function [66]. To address this need, the elderly sample in the project was
examined using both tests, showing a significant improvement in both handgrip strength and gait
speed.

However, at the end of the follow-up period, the elderly sample did not achieve a gait speed > 0.8
m/s, though their speed increased following dietary modifications (0.96 m/s vs. 1.05 m/s). This fin-
ding is consistent with the conclusions of Markofski MM et al. [67] and the recent ESPEN Sympo-
sium [28], indicating that the intervention carried out during the project improved the functional
reserve of the elderly participants.

Furthermore, since specific biochemical markers for sarcopenia and frailty have not yet been iden-
tified, the assessment of muscle strength, using handgrip strength, and physical performance, with
the Short Physical Performance Battery and gait speed, can also be considered biomarkers of the-
se pathological processes. They provide important information about physical function and reflect
the impact on the individual's health. The data obtained from the strength and physical perfor-
mance evaluations seem to support this hypothesis.
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Regarding the proposed biochemical markers in the literature, such as C-reactive protein (CRP),
hemoglobin, and serum albumin, as indicators of sarcopenia and frailty, no significant changes or
associations with muscle mass and function indices were observed in the evaluated sample. This
may be explained by the fact that these associations are very weak, as they are not muscle-specific
parameters [68].

Additionally, a recent review reported that walking speed was the only intermediate risk factor for
sarcopenia significantly associated with nutritional aspects. Specifically, a protein intake of >1.0
g/kg/day was positively correlated with better walking speed [26]. Therefore, the improvement in
gait speed observed in the elderly sample analyzed in this project may be due to the increased
protein intake from their diet. In fact, the nutritional analysis of the elderly participants' dietary
habits, conducted 12 months after the nutritional intervention, revealed a protein intake in line
with ESPEN recommendations, higher than their habitual protein consumption [5].

Frailty and sarcopenia share several commonalities, to the extent that sarcopenia has been hypo-
thesized as a precursor to the development of frailty. In this context, a protein-rich diet could have
positive effects on the frailty status of elderly individuals [25]. The body of evidence from longitu-
dinal studies suggests that nutrition plays a fundamental role in supporting muscle health, and hi-
gher protein intake is linked to a lower incidence of frailty [30]. The findings of this project, sho-
wing that increased protein intake compared to habitual levels is positively associated with muscle
mass parameters and handgrip strength, are consistent with current knowledge.

However, simply increasing daily protein intake is not sufficient to prevent muscle mass loss and
the development of frailty. Observational evidence highlights the key role of energy intake: older
adults with a long-term negative energy balance are more likely to experience muscle atrophy and
become frail, regardless of macronutrient consumption [25]. Further support for the importance
of energy intake comes from the management of patients in stages 4 and 5 of chronic kidney di-
sease under conservative treatment. This approach necessarily involves a low-protein diet but a
high caloric intake (25-35 kcal/kg/day), preventing nutritional deterioration in nephropathic
patients [69]. Adequate caloric intake allows dietary proteins to be used for anabolic processes ra-
ther than being utilized for energy, thereby preserving muscle mass.

In line with these findings, the dietary intervention in this project was designed to ensure sufficient
and adeguate caloric intake (25 kcal/kg/day) and protein intake (>1.0 g of protein/kg/day), in ac-
cordance with recent ESPEN recommendations for the geriatric population [3;25].

In addition to the amount of protein consumed daily, some authors have focused their studies on
the quality of the proteins consumed [17;24;25], particularly the differences between animal and
plant-based proteins. It has been demonstrated that the ability of dietary proteins to stimulate
muscle protein anabolism depends on the rate of protein digestion and their essential amino acid
(EAA) content, factors that give animal proteins a greater anabolic effect compared to plant-based
proteins, which are considered of lower quality for this reason [17;41;42].

However, the outcomes of observational studies investigating this aspect remain inconsistent
[17;24]. While increased intake of plant-based proteins has been associated with improved muscle
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function and a lower incidence of frailty, it also appears to be linked to lower muscle mass in fema-
les [24]. Behrouzi P et al. highlighted that higher plant protein intake was associated with better
scores on the Short Physical Performance Battery (SPPB), confirming the positive role of plant pro-
teins in physical function among older adults, without finding any connections to animal proteins.
Conversely, other longitudinal studies have shown that higher intake of animal proteins reduces
the decline in muscle strength and the risk of frailty progression [52].

Additionally, substantial evidence supports a stronger anabolic stimulus for muscle growth from
essential amino acids, particularly the branched-chain amino acids (BCAAs), with leucine playing a
key role. However, it has also been demonstrated that the availability of all amino acids, both es-
sential and non-essential, is necessary for the anabolic influence of leucine on mTOR to be effecti-
ve, thereby triggering protein synthesis [25;42]. This involves that the anabolic action of BCAAs is
not solely dependent on the presence of leucine or the leucine-isoleucine-valine ratio but also on
other factors. It is consistent with the hypothesis that BCAAs, in combination with a diet with in-
creased protein intake or with other amino acids, may positively modulate both muscle mass and
quality in older adults.

Moreover, it is important to note that the effects of dietary BCAAs on muscle can vary depending
on the baseline dietary habits of the study sample and whether the BCAAs are consumed as part
of a protein supplement or amino acid mixture, or from natural protein sources [42]. Leucine is
certainly regarded as the most important trigger for post-prandial protein synthesis. However, stu-
dies examining the anabolic effects of BCAA and/or leucine supplementation on muscle mass and
strength have yielded disappointing results [40].

Most trials concerning muscle protein anabolism have focused on protein isolates or single amino
acids, without considering the potential influences on digestion, absorption, and amino acid meta-
bolism by other macro- and micronutrients present in a meal when consuming proteins from natu-
ral sources, which can modulate the post-prandial anabolic environment. These findings suggest
that the shift toward muscle protein anabolism is mainly due to the availability of a complete pool
of circulating amino acids in the post-prandial phase, rather than the presence of leucine alone,
thus downplaying leucine's central role [43].

The post-prandial stimulus for muscle protein synthesis may also arise from mechanisms indepen-
dent of amino acids, including leucine, or may require a smaller amount of leucine to surpass the
anabolic threshold. These background, though not fully clarifying the underlying mechanisms, may
explain the improvement in lean mass parameters observed in this study despite the absence of a
significant increase in BCAA intake, particularly leucine, in the elderly participants' diets. Additio-
nally, the dietary intervention in this study was designed to include both animal and plant-based
proteins to circumvent these limitations, thereby providing a complete post-prandial amino acid
pool with greater anabolic potential.

It should be emphasized that these hypotheses reduce but do not negate the primary triggering
action of leucine in protein synthesis. Based on this certainty, other authors have shifted their fo-
cus to the timing and method of protein intake, concentrating their studies on a different distri-
bution of protein intake across the main meals of the day, thereby ensuring a sufficient level of
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leucine to induce muscle protein anabolism per meal [41]. The literature reports protein intakes
between 20 and 40 g per meal to bypass the increased anabolic threshold in older adults
[33;38;40;41;43]. In particular, various studies have pointed out that redistributing protein across
daily meals, especially with an increase at breakfast, leads to a higher total protein intake throu-
ghout the day, making it easier to meet the recommended intakes for the elderly population, and
consequently promoting the maintenance of skeletal muscle mass [5;33].

However, in daily practice, it becomes challenging to achieve such intakes for individual meals,
particularly in older adults, who generally view modifications to their habits, especially dietary
ones, with skepticism. To achieve greater compliance and increase protein intake per meal,
various studies have proposed the use of protein and/or amino acid supplements [40]. While Un-
terberger S et al., suggest that to meet the recommended protein intakes, it is preferable to pro-
pose natural foods enriched with protein (e.g., dairy products, protein bars, puddings, protein-
enriched bread, or provide recipes for homemade dishes with enhanced protein content) that are
commonly available rather than relying on supplementation [38]. This approach is reasonable,
both due to the inconsistency of current evidence and considering that long-term supplementa-
tion may also have negative outcomes.

Firstly, there is the impact on renal function in a patient population that physiologically experien-
ces a reduction in glomerular reserve, potentially facilitating the progression of renal insufficiency.
Moreover, in the long term, the use of supplements can lead to anorexia, not to mention the redu-
ced compliance in a population that often already undergoes polypharmacy. Lastly, but equally im-
portant, are economic reasons: supplementation is expensive, and many older adults may not be
able to afford this option [40]. In line with this position, the dietary intervention of the project, ba-
sed on the Mediterranean Diet, was developed aiming to respect the tastes and preferences of in-
dividual participants while simultaneously achieving the recommended caloric and protein intake
solely through natural foods.

Confirming the limitations highlighted by previous studies, the analyzed elderly sample consumed
the energy intake indicated by the guidelines but did not reach the protein intake of at least 20 g
per meal, especially at breakfast. However, the results of the present study seem to support the
hypothesis that it is sufficient to increase the grams of protein consumed during meals in the ear-
lier part of the day, compared to previous habits, to achieve functional improvements: the increa-
sed protein intake at breakfast (A=+9 g) may be adequate to safeguard muscle trophism and im-
prove physical performance, as demonstrated by the stability of lean mass parameters and the in-
crease in gait speed in the examined sample.

Various efforts have focused on researching a combination of dietary intervention and physical ac-
tivity to identify the most effective multimodal intervention to counteract muscle and functional
decline associated with aging, hypothesizing a reciprocal enhancement of both types of interven-
tions aimed at shifting the balance in favor of muscle synthesis in older adults [17;26]. The prevai-
ling evidence indicates that the type of physical activity with the greatest anabolic potential for
muscle synthesis is resistance exercise. However, it should be considered that endurance and resi-
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stance activities may not be feasible for many older individuals, as they may not be compatible
with their medical conditions or may be inaccessible due to a lack of proper training or financial re-
sources. Conversely, moderate-intensity aerobic physical activity, such as walking, while having a
lower potential for stimulating protein synthesis, can still induce positive qualitative changes in
muscle, especially in previously sedentary older adults [37].

Additionally, the need of prescribing exercise by competent personnel who can evaluate the
patient as a whole and identify the most suitable types of exercises in terms of feasibility and safe-
ty should not be underestimated. In this context, a recent Dutch study demonstrated improved
physical performance, mobility, and balance, indicated by enhanced walking speed, when combi-
ning home-based physical training with a dietary intervention that included adequate protein inta-
ke. Another crucial finding reported by the authors is the significant improvement in quality of life
as self-reported by study participants; these positive outcomes were also confirmed 12 months
after the conclusion of the personalized physical training program and increased protein intake
[39].

At present, the obteined results project align with this direction; subjects re-evaluated one year
after the dietary intervention confirmed the maintenance of lean mass and improvement in mu-
scle strength assessed by handgrip, with an increased protein intake in the earlier part of the day
compared to previous habits.

However, the optimal combined intervention regarding energy-protein intake and type of physical
activity for maximizing outcomes in terms of both quantity (mass) and quality (function) of muscle
in older adults has not yet been identified.

Another aspect that should not be overlooked, beyond energy intake and macronutrient composi-
tion, involves the various micronutrients consumed through food, particularly in individuals at hi-
gher risk of nutritional imbalances such as older adults [29]. There is substantial evidence suppor-
ting the advantageous outcomes associated with adherence to a Mediterranean dietary pattern:
amino acids, vitamins, polyphenols, carotenoids, and trace elements can provide invaluable sup-
port for health and the preservation of existing muscle mass [47]. Well-established data support
the link between vitamin D deficiency and muscle dysfunction, although recent systematic reviews
and meta-analyses have reported positive effects solely on physical performance rather than on
muscle mass [17]. For this reason, and considering that the evaluated subjects were already taking
a baseline supplementation of 25-OH vitamin D, which could act as a confounding factor, the pre-
sent study did not examine potential associations between dietary intake of this vitamin and resul-
ts regarding muscle mass and function in the examined sample. Other meta-analyses have empha-
sized the positive influence of w3 PUFA supplementation on both muscle quantity and quality, al-
though they noted substantial heterogeneity among the studies considered [17]. Elderly involving
in this study significantly increased their intake of PUFA, EPA, and DHA from foods, a factor that
may have contributed to preventing the development of frailty, due to their anti-inflammatory and
antioxidant effects, although this aspect was not among the outcomes evaluated by the project.
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Similarly, the beneficial effects of various trace elements in preserving muscle mass and strength
were not considered.

Among the aspects evaluated in the project are the potential influences and associations between
metabolically active B vitamins, specifically B6, B12, and folate, with measures of sarcopenia and
frailty. Epidemiological studies have highlighted the high prevalence of deficiencies in these vita-
mins within the geriatric population, with insufficient dietary intake being one of the contributing
factors to such deficits [47]. Notably, a relationship has emerged between better performance on
the 4-meter gait speed test and sufficient circulating levels of B12 [42]. Longitudinal evidence has
established a link between insufficient vitamin B12 and an increased prevalence of reduced muscle
mass in older adults [49].

Other authors have indicated a gender difference in the positive impact of adequate B12 intake,
showing improved physical performance and higher handgrip scores in females but not in males
[52]. Additionally, a recent review on B vitamins analyzed evidence from cross-sectional and longi-
tudinal studies regarding the association between low blood levels of B12 and an increased inci-
dence of frailty [51]. However, it emphasized that this does not represent a direct risk factor for
frailty, excluding confounding factors such as age, sex, personal history, and the presence of co-
morbidities [49;51].

Conversely, other studies have observed positive relationships between reduced intake of vitamin
B6, C, E, and folate and a higher risk of frailty, but not for vitamin B12 [51]. Although the relation-
ship between inadequate intake of vitamin B12, poorer physical performance, and incidence of
frailty is well-documented [53], evidence regarding the effectiveness of increased B12 intake on
frailty parameters is limited [50]. Several data points support the significant association between
vitamin B6 status, sarcopenia, frailty, and mortality in adults: inadequate levels of B6 are linked to
a higher risk of chronic diseases and musculoskeletal aging [52]. A correlation has been demon-
strated between higher B6 intake and improved physical performance of the lower limbs [52], as
well as between higher intakes of B6 and folate and a reduced risk of frailty and sarcopenia [49].
However, studies evaluating the potential effects of B6 supplementation on functional capacity in
older adults are limited. A possible explanation for the mixed results may be attributed to a lack of
complete clarity regarding the mechanisms by which the active metabolites of vitamins B12 and
B6 exert their effects, the possible existence of additional unidentified mechanisms on the muscu-
loskeletal environment, and/or the fact that the actions attributed to cobalamin and pyridoxine
are often assessed simultaneously with those of other micronutrients, which may introduce con-
founding effects [50;52].

The data derived from the analysis of the diets followed by the elderly sample under study
revealed that the intake of vitamins B12, B6, and folate was increased, reaching the recommended
levels for sex and age [54]. For completeness, it should be noted that the blood levels of
holotranscobalamin and folate were within the normal range both at baseline and at the fourth
follow-up. Partially confirming the evidence present in the literature, the analysis of the project
data identified a positive correlation between dietary intake of B12 and handgrip strength in both
sexes, but not with walking speed.
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The project does have limitations. This study did not include a prescription for physical exercise,
despite the fact that the most effective strategy for preventing and treating muscle and functional
deterioration is a combined intervention involving nutrition and an active lifestyle. This was due to
the difficulty in proposing a common exercise program and standardizing results given the target
population of the study. Therefore, it was decided to assess the level of physical activity through a
self-reported questionnaire on the activities performed by participants, the Physical Activity Scale
for the Elderly (PASE). Regarding B vitamins, the dietary intake of the evaluated elderly individuals
represents an estimate derived from comparisons with major Italian and international databases;
it should be considered that actual intakes vary not only by source but also by cooking methods,
which were not accounted for in the analysis. Another aspect that was not evaluated concerning
lean mass is the prevalence/incidence of osteoporosis, a condition that plays a crucial role in
reducing the independence of elderly individuals and in the progression of frailty. It was not
possible to obtain data on the radiological assessment of bone status for all participants in the
project at baseline and during follow-up.

Conclusions

Currently, there are no studies that have compared the potential effects of redistributing daily
protein intake from natural foods, with an increase during morning meals, on the preservation of
existing muscle trophism and muscle functionality, versus adequate protein intake according to
recommendations without redistribution in the main meals of the day. This study thus represents
the first attempt to identify positive influences on the anabolic muscle environment through
adjustment and modulation of protein intake from natural foods aimed at preventing the
guantitative and qualitative decline of muscle and frailty in the elderly.

The results of the study highlight how a personalized dietary intervention with energy-protein
intakes in accordance with guidelines can help achieve and maintain an appropriate weight while
preserving muscle mass and function. Moreover, to pursue these objectives, it is essential to
ensure an adequate energy intake in addition to protein intake. Then, redistributing protein intake
from food sources in the main meals, with an increase during the early part of the day, may
represent a winning strategy to maintain existing muscle trophism and function, slowing the
decline associated with aging and promoting a long and independent life.

Additionally, greater attention is not only paid to meeting macronutrient needs but also
emphasizes the importance of micronutrients intake. Among these, specifically the B vitamins,
achieving recommended intakes for sex and age may play a role in contributing to the
preservation of muscle function in older age. Future research will be needed to focus on the
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simultaneous evaluation of the consequences of various dietary parameters and not be limited to
a single nutrient. Strategies that consider other factors contributing to maintaining a positive
protein balance favoring anabolism, such as the effects of physical exercise in combination with
dietary intervention, will also be very useful.
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