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Abstract: Malnutrition, clinically evident primarily with sarcopenia, is present in more than 50% of CHF 

patients and is an independent factor of morbidity and mortality. Several pathophysiological mechanisms, 

such as reduced appetite, metabolic imbalance and altered protein synthesis/degradation rate, due to the blood 

increase of hypercatabolic molecules, have been proposed to explain this phenomenon. Nutritional 

supplementation with proteins, amino acids and vitamins have all been used to treat malnutrition, acting 

through mTOR stimulation. However, the success and efficacy of these procedures are often contradictory and 

not conclusive. Interestingly, data on exercise training show that exercise reduces mortality and increase 

functional capacity, although it also increases energy expenditure and nitrogen providing substrate needs. 

Therefore, this paper discusses the molecular mechanisms of integrated nutritional approaches that would 

stimulate metabolic anabolic pathways. Pivotal in our opinion, is the relationship between exercise and Deptor, 

a subunit of the mTOR complex. Consequently, we propose a combination of personalized and integrate 

nutritional supplementation as well as exercise to treat malnutrition and related anthropometric and functional 

CHF-related disorders. 
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1. The Clinical Problem 

Chronic heart failure (CHF) is one of principal health problem encountered in industrialized 

countries. It is a complex syndrome where, although the “primum movens” is heart disease, it also 

affects many organs and systems of the human body [1]. Despite recent therapeutical improvements, 

CHF still has elevated mortality and morbidity [2]. 

Recent observations show that malnutrition, a general term that includes various forms of 

inadequate nutrition, is often present in patients with CHF [3]. 

Malnutrition is basically caused by the altered relationship between macro- micronutrients 

intake and bodily needs. These alterations cause global metabolic disfunction with protein 

disarrangements present objectively in CHF patients as loss of muscular body mass/functions known 

as sarcopenia which can progress to cachexia [3]. It is interesting to note that malnutrition correlates 

with mortality regardless of heart disease severity in CHF patients [4]. However, although 

malnutrition has such an important clinical impact, it is still too often underestimated and/or not 

accurately evaluated or counteracted by most clinicians [5]. 

2. Why and How to Quantify Malnutrition? 

As stated, malnutrition is the reduced balance between body nutrients intake by food and bodily 

metabolic needs (1). Because CHF increases these metabolic needs, while nutrients intakes are 

reduced or remains unchanged, malnutrition is present in a great deal of patients with CHF [6]. 
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Therefore, we believe that careful clinical evaluation of patients with CHF should take into 

consideration both food intake and any signs of malnutrition. 

Food intake can be evaluated by questionnaires or, more accurately, by day-food-diaries. 

Patients’ signs of malnutrition could be identified looking at loss of muscle mass and strength (by 

anthropometric measurements and hand grip test) and measuring specific blood markers such as: 

albumin, hemoglobin, lymphocytes, red cells, transferrin, retinol binding proteins [7]. If there are any 

signs of malnutrition, it would be helpful also to identify specific nutritional deficiencies by 

measuring blood vitamins and ions, which are the indispensable co-factors of the enzymes with 

governs anabolic pathways [8,9]. 

3. The Physio-Pathology of Malnutrition: The Hypercatabolic Syndrome and Protein 

Disarrangements 

The causes of malnutrition in patients with CHF, especially when elderly, is probably 

multifactorial. Reduced food intake due to loss of appetite, change in smell sensory function, 

impaired chewing due to pathologies and/or dental prostheses, social isolation as well as intestinal 

malabsorption from altered mesenteric circulation and/or dysbiosis, could all be responsible for CHF-

induced malnutrition [10,11].  

However, signs of malnutrition are present not only in CHF but also in many different chronic 

and acute diseases such as cancer, infectious and collagen vascular disorders. All these diseases have 

a common finding: the increase of catabolic molecules such as hormones and pro-inflammatory 

cytokines as TNFα and IL1-6 [4].  

Nowadays, it is well known that both catabolic neurohormones and inflammatory cytokines 

play a significant role in the progression of heart failure inducing severe metabolic perturbations such 

as insulin resistance syndrome (IRS) responsible of muscular wasting, cachexia, and global metabolic 

disorders [12]. Indeed, IRS significantly influences the biochemistry of peripheral muscle, globular 

proteins and adipose tissue already compromised by other causes of malnutrition such as reduced 

food intake. The lack of anabolic stimulation, due to IRS, causes protein degradation and amino acid 

(AA) release firstly in the muscles, and then alteration in globular circulating proteins. AA are 

deaminated and their carbon skeleton is used: a) in the liver to produce glucose by gluconeogenesis 

and b) in the whole body to support the increased global energy and metabolic needs. This condition 

is also called hypermetabolic syndrome (HS) and causes protein disarrangements, which worsens 

clinical conditions of chronic diseases including CHF [1,13]. 

Furthermore, IRS inhibits mRNA synthesis of phosphoenolpyruvate carboxy-kinase (the key 

enzyme of gluconeogenetic pathway) with consequent further reduction of gluconeogenesis by 

pyruvate originated from lactate in the liver. This condition causes a vicious circle, where reduced 

nutrition does not supply enough exogenous nutrients and the liver produces glucose from AA, so 

that the body’s proteins are destroyed. AA are then released into the blood and deaminate to produce 

glucose, essential to maintain energetic metabolism of fundamental structures such as the brain and 

erythrocytes [14].  

Another consequence of IRS is that muscle glycogen reserves are significantly reduced and lost, 

since free fatty acids (FFA) becomes the principal fuel for the muscle. However, FFA use is a limiting 

factor for muscular energy production because excess FFA oxidation reduces phosphocreatine 

production during exercise with consequent skeletal muscle fatigue [14]. In addition, we should 

remember that insulin perturbations also influence lipolysis in adipose tissue, and consequently FFA 

viability for acetyl-CoA indispensable for mitochondrial energy production so that acetate derives 

predominately from AA oxidation [9]. 

Taken together, this evidence suggests that catabolic neurohormones and inflammatory 

cytokines are implicated in IRS found in CHF. IRS, in turn, induces protein catabolism, activates 

gluconeogenesis from AA and alters lipid metabolism, finally causing skeletal muscular wasting and 

global protein disarrangements, as AA are consumed mostly to support the increased global 

energetic needs rather than being available for protein synthesis [15]. 
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4. Therapeutical Strategies: Exercise Training and Nutritional Supplementation 

Exercise training and nutritional supplementation, combined with traditional therapy, are 

promising therapeutic strategies to treat clinical signs of malnutrition and their negative effects in 

CHF patients.  

4.1. Exercise Training 

It is well established that aerobic resistant exercise training stimulates anabolic stimuli, thus 

reducing muscular wasting, mortality, hospitalization, and improving metabolism in CHF patients. 

As a result, the prescription of aerobic exercise for CHF patients is recommended by the current 

European Society of Cardiology (ESC) guidelines (class I, level of evidence A) [16,17]. However, data 

also show that even light exercise causes a significant release of muscular AA, suggesting catabolic 

demolition of muscular proteins, at least in untrained CHF patients [18]. We believe that it is possible 

to reduce these catabolic effects of exercise-stimulated protein anabolism by matching exercise and 

nutritional intakes, so that nutritional supplementation and exercise could became allies in the 

treatment of CHF. 

4.2. Nutritional Supplementation. 

Because data suggest that CHF-induced hypercatabolic syndrome causes body protein and AA 

altered metabolism, the exogenous supplementation of these molecules could be a valid therapeutical 

strategy to use in CHF patients. However, data also show that improvement of the metabolic and 

nutritional status of muscle-depleted CHF patients occurs only when adequate energy-protein intake 

is combined with a specific mixture of all free forms of essential AA (EAA) in a stoichiometric ratio 

[19]. In addition, recent studies indicate that free EAA mixture supplementation promotes both more 

muscular protein synthesis and plasma anabolic and anti-inflammatory protein expression in the 

elderly than whey proteins. [20–22]. These observations could have several explanations. 

Firstly, food proteins must be digested by pancreatic enzymes and then the resulting AA would 

be absorbed by the intestine and introduced into the bloodstream to be transported to cells. As 

recently shown in aged and/or in diseased patients’ pancreas exocrine efficiency and intestinal 

metabolism are progressively reduced with consequent altered digestion and the absorption of food 

components. On the contrary, free AAs do not need to be digested, but are rapidly absorbed and are 

immediately available in the blood for protein syntheses [15,20].  

Secondly, from a nutritional point of view, AAs are classified as EAAs, which cannot be 

synthetized in the body and are therefore needed in the human diet, and non-essential (NEAAs) 

which can be produced in the body according to the metabolic need so that their presence in the diet 

is not strictly necessary. Unfortunately, we should note that no dietary proteins have an EAA/NEAA 

ratio > 0.9, whereas, conversely most proteins have a <0.7 ratio at best.  

Interestingly, experimental data show that special EAA mixtures with an EAA/NEAA ratio >1 

increases lifespan [23] and albumin [24], and also reduces inflammation in healthy mice [25,26]. This 

would suggest that NEAA are not indispensable for cell life and that they are synthesized according 

to metabolic needs if adequate amounts of EAA are provided. Indeed, only EAA have the metabolic 

characteristics illustrated below. 

Only EAA counteract IRS effects by activating glucose transport and protein synthesis [13].  

These effects occur because EAA mixtures flowing through portal vein is the signal for IGF-1 (Insulin-

like Growth Factor-1) secretion [13], which is the somatomedin responsible to activate anabolic 

growth hormones (GH) [13].  

It has also been demonstrated that only certain EAA [i.e., branched AA, leucine and/or its 

ketoacid as beta-hydroxy-beta-methyl butyrate (HMB)] as well as EAA mixture, directly influences 

protein synthesis stimulating the regulatory intracellular mTOR system [27–29]. However, it has been 

demonstrated that only EAA mixtures formulated according to human needs actually improve 

energy production and synthesis of oxygen free radicals’ scavengers by mitochondrial biogenesis 

[25]. In addition, only EAA mixtures, but not ketoacids (i.e., HMB) and/or certain individual free AA 
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(i.e., Leucine), can provide sufficient concentration of AA to support protein synthesis and provide 

adequate amount of nitrogen essential for nitrogenous base production. These are indispensable part 

of ATP and/or of NAD-NADH synthesis, which are crucial to maintain cellular redox homeostasis 

[9]. Finally, EAA can also influence the insulin effects on adipocytes enhancing glucose transport and 

modulating the use of FFA [9]. 

Because of all these observations, we can conclude that oral supplementation with special 

mixtures of free EAAs in a stoichiometric ratio, and formulated according to human metabolic needs, 

should be regularly used in CHF patients to contrast malnutrition and sarcopenia, up to muscular 

wasting and cachexia. 

However, although from a physio-pathological point of view, the combination of exercise and 

nutritional support with AAs has solid rational foundations, the relationship itself is very complex. 

Experimental and clinical data available are quite contradictory and controversial. These mixed 

results can be partly interpreted by taking into account the experimental models used as the type of 

exercise (resistance or force), the different nutritional supplementations (food proteins, AAs 

mixtures, ketoacids with or without micronutrients as vitamins and/or ions), the age of patients 

studied as well as the presence of comorbidities [30]. 

It should be emphasized that nutritional therapies may substantially influence human 

metabolism. Human metabolism is a complex phenomenon characterized by chemical changes that 

take place in the cell following an intricate network of specific metabolic pathways, which govern 

physical processes that determine the cell’s physiology and biochemical properties.  

EAA-related metabolism is the sum of all chemical reactions in which one specific chemical 

compound is transformed through a series of steps into other molecules. Each step is facilitated by a 

specific co-factor (i.e., vitamins, ions and others). The consequence of nutritional metabolic 

therapeutical approaches is that nutrition should provide not only one molecule, but all the most 

fundamental molecules involved in anabolic EAAs-mediated pathways [9,31]. 

This approach has been confirmed in our recent clinical study. This showed that one specific 

mixture of EAAs efficient to match human metabolic needs has best effects in patients with CHF-

induced hypercatabolic syndrome with proteins disarrangement (anaemia) when it is administered 

with co-factors (vitamin D, B6 and B9, iron) fundamental for the activation of the anabolic pathways 

of haemoglobin synthesis [32].  

Moreover, recent data shows that altered intestinal function as dysbiosis and increased 

permeability are present in patient with CHF and they negatively affect patients’ nutrition [11]. A 

recent exhaustive review paper supports our perspective. It analyses the effect of different 

micronutrients proposed to influence cardiovascular risk. An evaluation of the literature would 

indicate that not all nutritional molecules are equal, given that the needs of patients may well be 

different. As a result, more personalized and specific integrate dietary interventions involving 

combinations of beneficial supplements in specific amounts may be needed to stimulate specific 

anabolic pathways [33]. Last but not least, it is necessary to distinguish between being fed, with or 

without nutritional supplementations, and nutrition itself.  

Being fed means furnishing food and oral supplementations for the maintenance/improvement 

of the body’s metabolism. On the contrary, nutrition is the sum of biochemical and physiological 

complex processes by which a human being either digest, absorbs and metabolizes the macro-

micronutrients introduced by ingestion. These data and observations suggest that personalised, 

functional and integrate nutritional therapies, which consider all salient aspects of nutrition and 

exercise, should be used to perform best and avoid contrasting data. 

5. Molecular Hypothesis of Exercise Training and Nutritional Supplementation Alliance: The 

Role of AMPK and mTOR 

During exercise, cells consume energy splicing adenosine-tri-phosphate (ATP), which is split off 

from one of its three phosphates, becoming ADP (Adenosine di-phosphate) + phosphate. Likewise, 

energy is also released when a phosphate is removed from ADP to form adenosine monophosphate 

(AMP). Interestingly, increasing AMP concentrations stimulate AMP-activated protein kinase 
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(AMPK), an enzyme that plays a fundamental role in regulating cell metabolism as an energy sensor. 

If the cell is consuming energy and the cytosolic AMP increases, modulated AMPK spares energy by 

blunting mTOR (mammalian or mechanistic Target of Rapamycin) dependent protein synthesis. In 

addition, it reduces the synthesis of lipids and also promotes substrates availability. This is suitable 

for energy production by autophagy with breakdown and recycling of components of aged 

macromolecules and improving mitochondria biogenesis via PGC1-α expression [34]. 

mTOR is a complex of multi-enzymatic systems, which regulates many fundamental processes 

of the cell’s life (i.e., protein synthesis, autophagy and others) integrating external (i.e., nutrients such 

as EAAs, growth factors and others) and internal stimuli (energy reduction). It is formed mainly of 

two distinct complexes, mTORC1 and TORC2. These two subunits contain other regulatory proteins 

(Raptor, Protor PRAs40, Rictor), most of which act as active repressors of mTORCs activity. Both 

complexes may be inactivated by a subunit called DEP domain-containing mTOR interacting protein, 

alias Deptor [35]. 

It is interesting to understand that EAAs (particularly leucine), and the metabolically derived 

glutamine, activate mTORC1-mediated protein synthesis and mitochondrial biogenesis. These 

anabolic processes are particularly activated when there is high EAA concentrations. When Deptor 

is de-activated during exercise, the anabolic function of mTOR is triggered and this support synthesis 

maintained by abundance of indispensable molecules, as EAAs, for promoting and maintaining 

protein synthesis and cell metabolism [36]. Indeed, a very elegant experimental animal research 

paper showed that only immobilised limb activates and maintains Deptor block on nutrients (EAAs) 

dependent anabolic stimulation of mTORCs [37]. 

6. Conclusion and Clinical Suggestions 

Nutritional supplementation with a mix of all free EAAs and with co-factors of anabolic 

pathways (if found reduced and/or altered), concomitantly with physical exercise, could be allies in 

the treatment of CHF, and could reinforce the effects of standard medical therapy. According to the 

molecular and pathophysiological evidence, we propose a road map to turn nutritional 

supplementation and physical activity into an effective alliance (Figure 1).   

 

Figure 1. Schematic representation of a road map to turn nutritional supplementation and physical 

activity into an effective alliance. 
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Firstly, the presence of protein malnutrition with signs of sarcopenia and globular proteins 

disarrangement (i.e., by anthropometric measurements and blood albumin quantification, etc.) in 

CHF patients should be looked for and evaluated.  

Secondly, the alteration of processes interfering with a patient’s optimal nutrition, such as 

intestinal dysbiosis or leaky gut syndrome, as well as possible deficiencies of molecules involved in 

conservation of anabolic pathways (i.e., vitamins, ions), should all be evaluated. If nutrition and/or 

metabolic molecules are altered and/or reduced, specific therapies should be started and continued 

until their functions and/or concentrations reach normal values.  

Simultaneously, both nutritional supplementation with specific mixture of all free EAAs, 

tailored to human needs and personalised physical exercise, based on existing protocols, should 

begin. Further clinical studies are needed to confirm and ameliorate our suggestions. 
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