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The problem

Malnutrition, muscle wasting and ca-
chexia are often present in chronic heart
failure (CHF)1,2. Malnutrition is caused by
a reduced caloric (amino acids, carbohy-
drates and lipids) intake. Malnutrition can
be estimated on the basis of the serum al-
bumin concentration. Values of albumin < 3
mg/dl are considered the main marker of a
poor nutritional status, because they consti-
tute a significant predictor of morbidity and
mortality in several pathological conditions
such as cardiovascular surgery3 or strokes4.
However, it is interesting to note that mal-
nutrition in CHF patients is not always as
severe as muscle wasting, and protein syn-
thesis is often conserved. In a recent survey,
skeletal muscle atrophy (documented at
magnetic resonance spectroscopy) was
found in 68% of the patients studied, al-
though up to 24% of patients had albumin
levels < 3.5 mg/dl1. 

This apparent discrepancy can be ex-
plained considering the metabolic role of
the amino acids of striate muscles. Striate

muscles comprise about 45% of the aver-
age human adult body weight. As a whole,
they should be considered as the pivotal or-
gan for the maintenance of the body meta-
bolic performance by continuous exchange
of fuels with the liver. Striate muscle pro-
tein degradation with consequent amino
acid muscle release is a predominant fea-
ture of malnutrition or starving. In these
cases, the amino acids released from striate
muscle are essential to maintain either
global protein synthesis or plasma glucose
levels.

The role of skeletal muscles as storage
sites of amino acids in health and disease
was fully recognized at the end of 70’s5.
Amino acids contain carbon, oxygen, hy-
drogen and nitrogen. Thus, they can be me-
tabolized into either carbohydrates (such as
glucose) or directly into lipids depending
on the thermodynamic status of the cell.
Lipids cannot be transformed into carbohy-
drates by mammals. Indeed, lipids are
metabolically a dead-end suitable only for
energy production. Neither lipids nor car-
bohydrates can be transformed into essen-
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Malnutrition, muscle wasting and cachexia are often present in chronic heart failure (CHF). How-
ever, malnutrition in CHF patients is not always as severe as muscle wasting. Data in the literature
show that 24% of CHF patients have malnutrition (albumin < 3.5 mg/dl) but 68% have muscle atro-
phy. This apparent discrepancy can be explained by considering the metabolic role of the striate mus-
cle. In fact, the striate muscle maintains the body metabolic performance by continuous exchanges of
fuels (amino acids) with the liver. This happens in case of malnutrition or starvation. In such situa-
tions, glucose is produced by gluconeogenesis when amino acids are metabolized in the liver. Malnu-
trition, muscle wasting and the frequent progression through cachexia can be reduced by specific
therapy such as cytokine and/or catabolic hormone antagonists. This is because cytokines and cata-
bolic hormones, with consequent insulin resistance, cause muscle wasting. An alternative and/or com-
plementary therapy may be exogenous amino acid supplementation. In fact, amino acids: a) are
rapidly absorbed regardless of pancreatic activity, b) reduce insulin resistance, c) induce the hepatic
synthesis of anabolic molecules such as growth hormone and insulin-like growth factor, and d) mod-
ulate the catabolic hormonal-mediated effects on adipocytes. Research on the best suitable qualita-
tive and quantitative amino acid composition for an alternative and/or complementary therapy is still
being studied in different research centers.
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tial amino acids. In addition, amino acids are funda-
mental intermediates for the tricarboxylic acid cycle. In
view of this, from a metabolic standpoint, we can con-
sider amino acids as totipotent molecules6. Figure 1 il-
lustrates the interrelationships of macronutrient metab-
olism, and helps us to understand why amino acids are
so indispensable for life.

Clinically, the presence of muscle wasting is not on-
ly related to exercise intolerance, typical of CHF pa-
tients, but it is also an independent risk factor for mor-
tality. In addition, progression through cachexia (de-
fined as progression of wasting, when the non-edema-
tous, non-intentional weight loss reaches more than
7.5% of the premorbid normal weight, which happens
after more than 6 months) is frequent (about 16%), as
recently demonstrated by Anker et al.7,8. This phenom-
enon is related to a dramatic increase in mortality. In
fact, 50% of cachectic patients died within 18 months.

The pathogenesis of striate muscle wasting

The genesis of muscle wasting in CHF is not yet to-
tally understood. The more accredited hypotheses indi-
cate the inflammatory cytokines (tumor necrosis factor,
interleukin family) and neuroendocrine activation as
responsible for muscle wasting9-11.

Cytokines are soluble peptides involved primarily in
the inflammatory process modulating the function, acti-
vation, growth and death of immune cells. Recent exper-
imental data show that cytokines can play a role in the
progression of CHF. In fact, cytokines can: 1) cause dele-
terious myocardial hypertrophy, 2) influence the vascu-
lar tone, and 3) cause muscle wasting and cachexia12. 

However, recent clinical trials which examined the
effects of antitumor necrosis factor agents on the mor-
bidity and mortality in CHF were discontinued because
of their futility and because of the higher mortality in
the active-therapy group. Given that tumor necrosis
factor plays a role in CHF, we can explain these nega-
tive results by formulating different hypotheses. 

Firstly, the anticytokine molecules are used incor-
rectly. Secondly, the patients were chosen in an inap-

propriate manner. Thirdly, the study design was not
adequate.

In addition, we have to bear in mind that cytokines
are a complex network of molecules, receptors and in-
tracellular signals which cross-talk among themselves.
The clinical results depend on the balance between dif-
ferent reactions. In this context, an individual patient’s
response due to his own genes cannot be excluded13.

We think that further work is necessary to clarify the
role of the cytokine system in the evolution of CHF.
The role of neuroendocrine activation in CHF has been
known since the 80’s11. Neuroendocrine activation is
characterized by an increase in catabolic hormones and
by a decrease in anabolic hormones. The increase in
plasma catabolic hormones such as catecholamines,
cortisol and renin has been well documented in patients
with CHF. Recently, even the impairment of anabolic
hormones, such as insulin, has been found in CHF. In-
deed, Swan et al.14 have documented that insulin resis-
tance is present in most CHF patients. This abnormali-
ty is found even in the presence of normal glucose fast-
ing concentrations. In fact, in these patients the serum
levels of insulin were doubled (67 vs 29 pmol/l, p
< 0.002) and insulin resistance (measured by the intra-
venous glucose tolerance test) was halved (58%). 

The phenomenon of insulin resistance is extremely
important for the general metabolism. It can significant-
ly affect the metabolism of the whole body including the
biochemistry of peripheral muscle and of adipose tissue.

In the muscles, the lack of anabolic stimulation due
to insulin resistance causes protein degradation and
amino acid release. These amino acids are used in the
liver to produce glucose by gluconeogenesis. In addi-
tion, insulin resistance inhibits the mRNA synthesis of
phosphoenolpyruvate carboxykinase (the key enzyme
of the gluconeogenetic pathway) in the liver. This con-
tributes to further reduce gluconeogenesis via pyruvate
synthesized from lactate. This condition generates a vi-
cious circle in which, owing to the malnutrition status,
exogenous nutrients are not available, the liver pro-
duces low quantities of carbohydrate from alternative
metabolic pathways and the muscular amino acids are
used to produce glucose essential to maintain the glu-
cose-dependent metabolism of fundamental structures
such as the brain and erythrocytes.

Moreover, in these conditions the muscle glycogen
reserve is depleted and free fatty acids become the prin-
cipal fuel for the muscle. However, the use of free fatty
acids is a limiting factor for energy production15. In
fact, their accumulation in myocytes reduces energy
production during exercise with consequent skeletal
muscle fatigue16.

Insulin plays an important role also in regulating
adipose metabolism. Biochemistry teaches that even
slight plasma insulin increases (5-10 �U/l) significant-
ly reduce lipolysis in adipose tissue. This insulin in-
crease reduces the free fatty acid availability for acetyl-
coenzyme A production, fundamental to maintain cel-
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Figure 1. Amino acids are biochemical totipotent molecules which can
be transformed into both carbohydrates and lipids. All molecules produ-
ce energy.



lular energy production. Under these conditions, cell
energy production via the anaerobic metabolic pathway
is maintained by acetate which derives predominantly
from amino acid breakdown and oxidation. 

In summary, insulin resistance has well established
effects on the overall metabolism. It facilitates protein
catabolism and activates gluconeogenesis from amino
acids and lipid anabolism. This metabolic condition
generates and maintains muscle wasting. Indeed,
amino acids are shuttled mostly to energetic purposes
instead of to the synthesis of proteins. 

Our hypothesis is illustrated in figure 2.

The nutritional approach

It is clear that the availability of amino acids is a key
factor for the overall metabolism of mammals. Thus,
exogenous supplementation could be a valid therapeu-
tic strategy to use in combination with conventional
therapy in CHF patients. 

We think that for various reasons the supplementa-
tion of exogenous amino acids can avoid malnutrition,
muscle wasting and maybe cachexia. 

First, amino acids could resolve the malnutrition re-
lated to a reduced nutrient absorption for CHF, aging or
disease-related pancreatic exocrine exhaustion. 

It is well known that the pancreas is the major con-
suming organ of amino acids of the whole body. In ad-
dition, the pancreas plays a fundamental role in food di-

gestion. However, digestion and food absorption re-
quire that various enzymes be adequately synthesized
and secreted. This process consumes enormous quanti-
ties of amino acids and energy at any meal. In CHF pa-
tients the pancreatic exocrine efficiency is progressive-
ly reduced. This results in a vicious circle: the lower the
digestion of proteins, the less the availability of amino
acids for the synthesis of digestive enzymes. This con-
dition leads to impaired digestion and consequently to
reduced serum levels of plasma amino acids which are
insufficient for promoting proteins synthesis. Interest-
ingly, amino acids are not digested. They are rapidly
absorbed and immediately available in the blood for
protein synthesis17.

Second, amino acids act as specific positive signals
for the maintenance of muscular protein stores by sev-
eral mechanisms. 

One of the most interesting mechanisms is that amino
acids may antagonize the negative influence of insulin
resistance. Indeed, amino acids inhibit the alteration in
glucose transport and in gluconeogenesis mediated by
insulin resistance. In addition, at high physiologic con-
centrations amino acids activate different important steps
of protein synthesis18. These assertions are supported by
some recent observations. In animals and humans, the
acute intravenous infusion of an amino acid mixture
stimulated skeletal muscle, but not liver, protein synthe-
sis19,20. It has been suggested that protein synthesis can
occur through an additional metabolic pathway involv-
ing the hormonal profile. Amino acid flow through the
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Figure 2. Left ventricular dysfunction impairs the mesenteric blood flow with a consequent reduction in nutrient absorption and the release of cytokines
and catabolic hormones. Malabsorption and catabolic molecules induce muscle wasting and amino acid release. Amino acids are used in the liver to
produce glucose (by gluconeogenesis). Glucose is the fundamental molecule for the maintenance of both aerobic metabolism (i.e. in brain and red blood
cells) and of the antioxidant cell potential via NADPH (by the pentose phosphate pathway).



portal vein is the signal for insulin-like growth factor
(IGF)-1 and 2 secretion21. IGF-1 is the main so-
matomedin responsible for the activation of growth hor-
mone. The serum concentrations of the latter are in-
versely related to those of the former. Growth hormone
is a family of immunologically similar anabolic hor-
mones which promotes protein synthesis and counteracts
insulin resistance. In all states of severe malnutrition
growth hormone plasma levels are very high. It has also
been shown that IGF-1 overexpression protects car-
diomyocytes from infarction and reduces ventricular di-
lation, myocardial loading, and hypertrophy22. In addi-
tion, IGF-1 seems to reduce skeletal muscle protein
degradation under stressful conditions. Moreover, recent
data suggest that nutrients, including amino acids, di-
rectly influence protein synthesis through regulatory sig-
nals in the untranslated regions of mRNA. This results in
enhanced mRNA stability. This effect is particularly rel-
evant for the skeletal muscle where the post-transcrip-
tional control of the site of synthesis of specific proteins
may channel amino acids towards protein synthesis in-
stead of energy consumption use23. 

Third, amino acids can modulate the effects of insulin
on adipocytes. Amino acids enhance the glucose-induced
desensitization of insulin-stimulated glucose transport.
Thus they modulate the synthesis of free fatty acids in
adipose tissue with a consequent improvement in adipose
metabolism. The modulation of the effects of insulin on
adipocytes is mediated peculiarly by glutamine24. 

On the basis of these speculations we can conclude
that supplementation of amino acids can be used in
CHF patients to contrast malnutrition, muscle wasting
and cachexia. However, the best suitable qualitative and
quantitative amino acid composition to use still needs
to be certified25-28. Therefore, some peculiar amino acid
mixtures are being studied in different research centers.
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