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Chronic renal failure (CRF) is consistently associ-
ated with major metabolic disorders. There are two re-
asons to design and implement a low- protein diet
(LPD) for the successtul managment of patients with
chronic renal failure: 1) to improve uremic symptoms
and the metabolic abnormalities associated with renal
insufficiency; and 2) to slow the loss of residual renal
function. The former reason has been standard clinical
practice for more than 130 years ago while the latter is
more controversial (1). Controversy about the efficacy
of the latter reason is based principally on results of the
U.S., NIH-sponsored MDRD Study but there are several
reasons why this study can not be accepted as the “last
word” about the efficacy of LPD in slowing the loss of
the remaining kidney function (2, 3). Even though a
LPD does improve metabolism with little or no risk,
properly designed diets are not systematically prescri-
bed in many nephrological units and questions are ra-
ised about its safety in reviews (4). On the other hand,
a systematic examination of the available literature and
several meta- analyses have shown this “simple” type
of intervention can slow the progression of renal failu-
re and exert other positive effects (3, 5-8). In accordan-
ce with criteria of Evidence Based Medicine LPDs have
to be regarded a type A recommendation for both non-
diabetic and diabetic patients with CRF.

The major effects of LPDs is to correct metabolic ab-
normalities and to delay the time until dialysis has to be
started. This is not a trivial period of time (9, 10) and vi-
ewed from a worldwide public health point of view,
LPDs are desirable given the increasing costs of dialysis
therapy and the risk of death after patients begin dialy-
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sis. On average beginning dialysis therapy can be dela-
yed more than one year (9-11). There also is abundant
evidence that LPDs are associated with an improvement
of a broad range of signs and symptoms of uremic
syndrome, including amelioration of hyperparathyreoi-
dism, increased insulin sensitivity, reduced incidence of
metabolic acidosis, reduced proteinuria, improved ma-
nagement of hypertension and last but not least an imp-
rovement in subjective well being (1, 9-12),

Initially, supplements of amino acids and of keto
acids (KA), the nitrogen free amino acid analogues res-
pectively, were introduced so that protein intake could
be reduced to minimal amounts in order to augment the
positive effects exerted by LPDs while avoiding the de-
velopment of malnutrition - the only real potential
complication of LPDs. If KA are used an even lower
protein intake of as low as 0.3 g/kg BW/day can be ac-
hieved without increasing the dangers of malnutrition
(9, 10). KA are the nitrogen free analogues of amino
acids, and are transaminated to form the respective ami-
no acid in the body. This improves nitrogen balance at
a lower nitrogen intake because essential amino acid
requirements are met with a lower nitrogen intake with
reduced waste product formation and relief of the
symptoms of uremia while maintaining good nutrition,

The keto amino acid therapy contains a dietary pro-
tein restriction as well as a supplementation of keto and
amino acids essential for patients with CRF. Keto acids
are the nitrogen-free analogs of amino acids, which can
be converted (transaminated) in the human body into
the corresponding amino acids by about 70%.

Keto acids not only substitute for their respective
amino acid and maintain nitrogen balance but also
exert other desirable properties:

1. The saving of nitrogen due to the transfer of the
amino group to the keto acid is associated with a di-
rect inhibition of ureagenesis. The inhibition is related
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to the increased activity of branched-chain amino acid
transferase resulting in less availability of the ramified
keto acid for oxidative decarboxylation.

2. Keto acids have the ability to stimulate protein
synthesis and inhibit protein degradation. Especially
ketoleucine, and perhaps leucine can increase protein
synthesis by inducing an increased aggregation of poly-
ribosomes. Furthermore, ketoleucine stimulates  the
amino transferase activity.

3. Administration of keto acids may lead to a parti-
al correction of the amino acid profile in uremic pati-
ents, which is also favoured by the simultaneous cor-
rection of metabolic acidosis due to the reduced ali-
mentary intake of sulphur-containing amino acids. In
addition, the decrease in urinary protein excretion due
to amino/keto acid supplemented protein-restricted di-
ets contributes to the rise in serum albumin and the ma-
intenance of various indices of nutritional status within
the normal range. Compared to other amino acids, ke-
to acids lack a stimulating effect on the hyperfiltration
of the kidney. Following the supply of keto acids of
branched chain amino acids (BCAA) during a protein-
restricted diet, the pancreatic glucagon stimulation and
the subsequent glucagon-induced hepatic cAMP secre-
tion that is typical for amino acids is missing. Metabo-
lic acidosis results from impaired excretion of hydrogen
ions. A large proportion of the hydrogen ions come
from the metabolism of sulphur-containing amino
acids. This acidosis has several deleterious effects, na-
mely on protein metabolism, glucose tolerance and bo-
ne metabolism. Only strict reduction or suppression of
protein of animal origin is susceptible to correct meta-
holic acidosis. Since metabolic acidosis increases the
degradation of branched- chain amino acids and prote-
in catabolism, and suppresses albumin synthesis, the
control of this disorder is especially important in pati-
ents with a reduced protein intake. Protein-restricted
diets which do not contain proteins of animal origin re-
duce phosphorus intake, and the presence of calcium
(calcium salts of the ketoanalogues in Ketosteril®), has
additional beneficial effects on calcium/phosphate me-
tabolism and secondary hyperparathyroidism. The keto
amino acid therapy is able to correct most of the disor-
ders of carbohydrate metabolism observed in uremia.
Beneficial effects include the improvement in tissue
sensitivity to insulin reduction in circulating insulin le-
vels in relation to an increase in the metabolic clearan-
ce rate of insulin and improved inhibitory action of in-
sulin on endogenous glucose production. The lowering

of insulin resistance, reduction of hyperinsulinemia and
increase in energy production rate in patients on a ke-
to amino acid therapy make it a therapeutic arm remar-
kably well adapted for the treatment of uremic patients,
especially the growing group of obese non-insulin de-
pendent diabetics with CRE. The keto amino acid the-
rapy has benefical effects on the correction of lipid di-
sorders, especially with respect to an decrease in trigly-
ceride levels and an increase HDL-cholesterol levels.
These results are important because of the accelerated
atherosclerosis commonly seen in uremia. Dietary regi-
me, used in the Institute for Clinical and Experimental
Medicine, Department of Nephrology, Prague, contains
0.6 g protein, 1.3 g lipids, 4.9 g carbohydrate and 140 kJ
energy /kg body weight/day supplemented with 100
mg Ketosteril®/kg body weight/day. Besides a suffici-
ent energy intake and the amount of protein intake al-
so the ratio of animal/vegetable protein (preferentially
1:1) seems to be important in low protein diet supple-
mented with Ketosteril®. In Czech Republic, many pa-
tients do not accept a strict very low protein diet (0.3 g
protein/kg body weight/day) supplemented with Ketos-
teril®, which is mainly composed of vegetarian food.

Supplements of essential amino acids have largely
been abandoned in dietary therapy of patients with
CRF because of the concerns cited and they appear to
have only limited advantages. If an essential amino acid
supplement is given, a nitrogen poor preparation is
preferred. In a direct comparison between KA and es-
sential amino acids, Masud and coworkers showed that
KA are equally or slightly more effective in maintaining
nitrogen equilibrium (13). In a cross over study compa-
ring supplements of essential amino acids and of keto
acids the rate of progression of renal failure was slower
during KAs (14). It should be noted that not all essen-
tial amino acids are given as nitrogen-free analogues as
certain essential amino acids can- not be transaminated
in the organism, such as lysine and threonine.

Numerous reports have provided evidence of the
benefits of LPDs and shown that these benefits can be
augmented by KA (1, 15, 16). For sure some of these
benefits are attributable to a lower intake of protein
(and hence, a reduced tendency to form waste pro-
ducts). During the last decade, however, there is evi-
dence that KA supplements might exert specific effects
beyond those attributed to the reduced nitrogen intake
and amelioration of protein balance. The proven and
proposed effects of LPDs and or supplemented diets
are summarized in Table 1.
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Table I. Proven and potential beneficial effect of keto
acid supplements in patients with chronic renal
failure on a low protein diet

Preservation of nitrogen balance

Reduction of “uremic intoxication”

Retardation of progression of renal failure

Reduction of proteinuria and amino aciduria

Amelioration of metabolic acidosis

Improvement of nutritional status

Reduction of growth retardation in CRF children

Increases in plasma concentrations of essential
amino acids

Improvement of plasma protein concentrations
(albumin) Improvement of glucose metabolism and
insulin sensitivity Improvement in lipid metabolism

Reduction of hyperphosphatemia

Amelioration of hyperparathyreoidsim

Decrease in oxygen radical generation Improvement
of tubular functions

Reduction in blood pressure (?}

Reduction in NO-metabolite formation (?}

An especially interesting benefit of KA supplements
is found in the observation that the KA of leucine (a-
ketoisocuproate) exerts @ pharmacologic effect on pro-
tein metabolism by suppressing protein catabolism in
skeletal muscle (there is no change in the rate of pro-
tein synthesis (17).

KA supplements also help to ameliorate hyperpa-
rathyreodism (18). The KA supplements are phosphate
free and so help to reduce phosphate intake and this
may be one mechanism that accounts for the reduction
in progression of renal insufficiency in CRF. Notably,
KA are often provided as culcium salts thereby raising
calcium intake and promoting the binding of phospha-
te in the intestine to increase phosphate excretion. In
fact, o-ketoglutarate and ketovaline have been assessed
as alternative phosphate binders.

Studies by the group of Teplan from Prague (19)
and (20) illustrate that KA supplements can have bene-
fits that are far beyond these “classical” effects. In cont-
rast to amino acids, KA do not exert change renal he-
modynamics, nor induce hypertiltration. This might al-
so explain their more pronounced influence on redu-
cing proteinuria (although it is well known that any
LPD will reduce proteinuria in comparison to excess di-
etary protein). KA can also benefit tubular functions:
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despite increases in plasma concentrations of branc-
hed-chain amino acids, the losses of amino acids in the
urine were reduced by the KA supplements. Further-
more, NO-metabolite excretion was lower” during KA
supplementation potentially reflecting a reduced he-
modynamic stress within the kidneys.

Metabolic effects of KA supplements are not confi-
ned to improvements in protein metabolism: there are
benefcial effects on glucose tolerance, insulin sensiti-
vity leading to a decrease in insulin requirements in di-
abetic patients (21). As noted by others, Teplan et al.
found a remarkable effect of KA supplements on plas-
ma lipids (20, 22); there was a mild yet significant dec-
rease in total cholesterol and LDL-cholesterol whereas
HDL-cholesterol levels increased. Furthermore, a dra-
matic fall in plasma triglycerides by 50% was seen. Fi-
nally, there is reduced serum concentrations of free ra-
dicals with KA supplemented diets (20, 23) and this res-
ponse might contribute to the preservation of renal
function, together with improvements in lipid metabo-
lism to retardation of progression of atherosclerosis and
improvement of other physiologic functions such as im-
munocompetence.

Obviously, the effects of KA will not be apparent if
protein intake is too liberal (24). However the optimal
extent of the reduction of protein intake is not known.
Usually it was assumed that KA are only beneficial
when a very low protein diet of about 0.3 g/kg/day is
prescribed. Interestingly, our studies would suggest that
in part the beneficial effects can be seen when only a
moderate reduction of protein intake to about 0.6 to 0.7
g/kg/day is instituted and obviously, this fact would
present a major advantage in terms of compliance with
the diet.

Given the accumulated evidence cited, it is distres-
sing that fewer that 50% of nephrology units in indust-
rialized countries regularly prescribe low protein dicts
and even a much lower number is using KA supple-
ments. The reasons why this cheap therapeutic moda-
lity with proven efficiency is so little used is mystifying.
Among the reasons, is the possibility that the financial
incentive of having a patient on hemodialysis is very
important in many countries. There also is the possibi-
lity that the need for education of the patient and
his/her family is time consuming and will require a the-
rapeutic partnership between a motivated patient and a
devoted nephrologist and renal dieticians but even if
the patient is sent to dialysis, he/she will still have to
learn about dietary and fluid restrictions. [n short, this
should not be a major impediment. The Hungarian Ke-
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tosteril study published in 2001 underlines that this is
feasible in large groups ol patients (25).

On the other hand, two recent reports emphasize
that a low-protein diet regimen can produce a prono-
unced delay in the time until dialys is or transplantati-
on are required (9, 10).

In these reports, patients given a low-protein diet
supplemented with essential amino acids and/or keto-
acids for long periods even after their loss of renal func-
tion was sufficiently severe (e¢.g. creatinine clearance
<10 ml/min} to signal a need for dialysis. The delay in
the need for dialysis was substantial (>1 year) and the
patients maintained body weight and had normal levels
of serum albumin and other indices of nutrition.

Keto acids are recommended to be routinely used
also during EPO treatment in CRF patients with renal
anemia (206).

Finally, it must be stressed that a well-designed LPD
is a therapeutic modality among others in the manage-
ment of patients with CRF; there is the therapy of the
underlying disease process leading to renal failure,
systematic treatment of hypertension, provision of re-
noprotective medications such as ACE-inhibitors, strict
metabolic control in patients with diabetes mellitus
type I and type I, an adapted micronutrient supply,
measures to control hyperparathyreodisim, a well timed
erythropoietin therapy and Last but not least, the correc-
tion of metabolic acidosis must be instituted together
with dietary interventions. There can be no doubt that
within this therapeutic context LPDs and KA supple-
mented diets have a fixed place in the treatment of pa-
tients with CRR

Some important contraindications for the intake of
keto acids are an inadequate caloric intake, severe the-
rapy-resistant arterial hypertension with overhydration
and a creatinine clearance lower than 5 ml/min/1 .73 m’.

Other possible indications for a keto acid therapy is
the use during dialysis and the treatment of an infrequ-
ent dialysis. In dialysis a low protein diet supplemen-
ted with keto amino acids with the aim of phosphate
binding as well as improvement of the nutritional sta-
tus and extention of the survival during dialysis.

Another opportunity of treatment is the infrequent
dialysis. Generally, the treatment of patients with end-
stage renal failure is based on the maintenance hemo-
dialysis 3 times @ week and a free mixed diet with the
only restriction of potassium, sodium and water in so-
me cases. By adding both the detoxifying effects of di-
alysis and of a keto amino acid therapy, the residual re-
nal function may be maintained and the frequency of

dialysis sessions can be reduced. However, this treat-
ment option is only for highly educated and motivated
patients with the aim to save residual kidney function,
to reduce the number of dialysis sessions, and to incre-
asing the quality of life by creating more freedom for
working and travelling.
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