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Summary

58 outpatients with a serum creatinine between 6-10 mg/dl received a low protein
diet (LPD) with 30 g protein/day, supplemented with essential amino acids (EAA) or
their keto analogues (KA). Group A (n=19) was given an EAA/KA supplement
according to the pattern proposed by Rose and group B (n = 39) received a prepara-
tion with an increased amount of KAs of branched chain amino acids (BCKA), as
recommended by Walser. At the start of treatment with a LPD supplemented with
either of the two supplements and after 6 months of treatment we assessed: plasma
branched chain amino acids (BCAA), renal function, nutritional status, and bone
metabolism. After six months of dietary treatment the results showed in group B in
contrast to group A an improvement of nutritional status (body weight increased,
urea decreased, and BCAA normalized). The same was true for bone metabolism
(significantly lower phosphate levels, increased calcium values). In both groups
progression of chronic renal failure slowed down, but the delay was more pro-
nounced in group B. All results were statistically significant (p <0.01).

Zusammenfassung

58 ambulante Patienten mit chronischer Niereninsuffizienz (Serumkreatinin 6-10
mg/dl) erhielten eine eiweiBlreduzierte Diét (30 g), substituiert mit essentiellen Ami-
nosiduren (EAS) bzw. deren Ketoanalogen (KS). Gruppe A (n = 19) erhielt Substitu-
tionspraparat A mit einer Zusammensetzung entsprechend dem Rose-Schema,
Gruppe B (n = 39) erhielt das Substitutionspriparat B mit einer hoheren Konzentra-
tion an verzweigtkettigen KS, entsprechend den Vorschligen von Walser. Zu
Beginn und nach Beendigung der Untersuchungsperiode von 6 Monaten wurden
neben den Plasmakonzentrationen der verzweigtkettigen Aminosiuren Parameter
der Nierenfunktion, des Ernidhrungsstatus und des Knochenstoffwechsels
bestimmt., Die Ergebnisse zeigten, daf ein hoherer Anteil an verzweigtkettigen
EAS/KS (Gruppe B) in der Substitution eine Verbesserung ergab beziiglich des
Erndhrungsstatus. Es kam zu einem Anstieg des Korpergewichts, zu einem Abfall
des Serumharnstoffs und zu einer Normalisierung der Plasma-Aminosiuren, Die
Verdnderungen beziglich der renalen Osteopathie waren in Gruppe B deutlich
geringer: Die Konzentrationen von Serumphosphat und alkalischer Phosphatase
fielen ab, die Calciumwerte stiegen an. In beiden Gruppen ergab sich eine verlang-
samte Progression der chronischen Niereninsuffizienz, die in Gruppe B deutlicher
ausgepragt war. Samtliche hier genannten Ergebnisse waren statistisch signifikant
(p<0,01).
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Introduction

Low protein diets (LPD) are increasingly being used to slow down the
progression of chronic renal failure (CRF) (1-4). The lower the protein
content of the diets the more important is the use of protein of high
biological value or the supplementation of the diets with essential amino
acids (EAA) or their keto analogues (KA). Up to now several supplements
with different compositions have been used in uremic patients (5-7).
Comparisons of the achieved effects on metabolism in uremia are scanty,
mainly because there are only shortterm studies of less than two months
duration per applied preparation. Studies with such short durations are of
limited value, as amino acid and protein pools need time to be refilled.

The aim of the present study was to investigate the effect of two
different essential amino acid/keto analogue (EAA/KA) preparations on
biochemical parameters in patients with CRF after six months of applica-
tion.

Methods

58 patients suffering from CRF (SCR 6-10 mg/dl) treated with LPD were divided
into two groups. Group one (n = 19) received an EAA/KA supplement according to
the pattern proposed by Rose (group A) and group two (n = 39) received a prepara-
tion with an increased amount of KAs of branched chain amino acids, as recom-
mended by Walser (group BY*).

The components of the two supplements are listed in Table 1. At the start of the
treatment with a LPD (30 g/day) supplemented with either of the two supplements
(10 g/die 11.4 g/die) and after 6 months of treatment we assessed: plasma branched
chain amino acids (valine, leucine and isoleucine), renal function: serum creatinine
(SCR) (mg/dl), and urea (mg/dl), nutritional status: body weight (kg), total protein
(g/l) and albumin (measured as % of total protein), and bone metabolism: calcium
(mmol/l), phosphate (mmol/l) and alkaline phosphatase (mU/ml).

For the determination of plasma amino acid concentrations 4 parts of plasma
from EDTA blood were deproteinized with 1 part of sulfosalicylic acid. Samples for

Table 1. Contents of the preparations used (mg/10 kg body weight).

Group A Group B

Keto-Isoleucine 0.144 0.234
Keto-Leucine 0.217 0.292
Keto-Valine 0.184 0.308
Keto-Methionine 0.127 0.175
Keto-FPhenylalanine 0.146 0.158
L-Histidine 0.081 0.045
L-Lysine 0.225 0.075
L-Threonine 0.114 0.055
L-Tryptophane 0.050 0.028
L-Tyrosine 0.064 -

Calcium 0.107 0.155
Nitrogen 0.077 0.032

*) Ketoperlen® Pfrimmer
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analysis were diluted with citrate buffer (pH 2) 1:2. The buffer contained norleucine
for an internal standard. Amino acid determinations were carried out with the
automatic analyzer L.C 6000 (Biotronic, Munich) (8).

The differences between group A and B were evaluated by computing a t-statistic
for unpaired observations (9). In the case of unequal variances an approximate t was
calculated based on Satterthwaite’s approximation (9). A paired comparisons t-test
was computed to assess differences between the two observation points: start of
treatment and 6 months afterwards (10). To reduce the effect of multiple testing
only p values below 0.01 were considered as statistically significant. Average values
are given as mean = SD. Normal values for valine, leucine and isoleucine are
presented as + 2 SD.

Results

At the start of treatment the initial data of patients in group A (n=19)
and B (n=39) demonstrated no statistically significant differences,
whereas from a clinical point of view renal function, body weight and
serum phosphate exhibited some degree of variation (Table 2). Six months
after the start of dietary treatment patients of group B showed signifi-

Table 2. Initial patient data (n = 58)

Renal function

SCR (mg/dl) Urea (mg/dl)
Group A 6.3+ 1.7 145 + 35
Group B 76+22 152 + 26
p= 0.0254 0.3927
Nutritional status
Albumin Total protein Body weight
(rel. %) (gl (kg)
Group A 55.7 £ 4.8 6.5+ 0.6 675+ 9.9
Group B 54.6 + 1.4 6.5 £ 0.5 60.2 £ 13.1
p= 0.5176 0.9092 0.0698
Bone metabolism
Phosphate Calcium Alk. Phosphatase
(mmol/1) (mmol/1) (mmol/)
Group A 20+04 2.1 £0.2 242 + 168
Group B 1.8+ 04 2.2+0.2 309 127
p= 0.0322 0.06 0.1680

p = difference between groups
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Table 3. Patient data after 6 months of treatment

Renal function

SCR (mg/dl) Urea (mg/dl)
Group A 7.8+ 1.7 144 + 40
Group B 78+25 108 + 31
p= 0.9158 0.0004
Nutritional status
Albumin Total protein Body weight
(rel. %) (gh) kg)
Group A 56.5 £ 9.6 6.7+ 0.7 67.2 £ 10.1
Group B 57325 7.0 £ 0.7 62.3 £ 11.9
p= 0.8301 0.1905 0.2019
Bone metabolism
Phosphate Calcium Alk. Phosphatase
(mmol/1) (mmol/l) (mmol/1)
Group A 22+0.5 2.17 £ 0.17 149 + 99
Group B 1.4+ 0.3 2.44 + 0.11 168 + 49
p= 0.0001 0.0001 0.5440

p = difference between groups

cantly lower urea and phosphate levels, the values for calcium increased
(Table 3).

In group A renal function deteriorated as SCR increased, the plasma
concentrations of valine, leucine and isoleucine improved, whereas all
other parameters remained fairly stable. In group B renal function could
be stabilized, urea went down “dramatically”, the nutritional status
improved, as did bone metabolism and the plasma concentrations of
branched chain amino acids (BCAA).

Initially the BCAA were subnormal in all patients. With regard to the
BCAA concentrations, at the start of treatment there was no significant
difference between the two groups. Under both therapeutic regimens we
observed an increase in the BCAA concentrations. But only in group B
was a normalization noted (Fig. 1). These normal BCAA concentrations
could be maintained up to the date when renal replacement therapy had to
be installed.

In Table 4 differences between the data at the start of treatment and 6
months after are given once more accordingly for groups A and B. Nega-
tive values indicate that the second value was higher than the first and vice
versa. p* specifies the level of significance for the difference between the
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Table 4. Change expressed as difference between the two values at start and
6 months after start of treatment

Renal function

SCR Urea
X p* X p*
Group A - 1.6 0.0031 1 0.8820
Group B -02 0.1558 44 0.0001
p= 0.0089 0.0001
Nutritional status
Albumin Total protein Body weight
X p* X pt X pt
Group A -0.3 0.6563 0.2 0.0240 0.2 0.6507
Group B -22 0.0001 - 0.5 0.0001 -2 0.0001
p= 0.0268 0.0724 0.0003
Bone metabolism
Phosphate Calcium Alk. Phosphatase
X p* X p* x p*
GroupA -04 0.0726 - 0.02 0.05999 54 0.0780
GroupB 03 0.0001 -0.17 0.0001 126 0.0001
p= 0.0027 0.0044 0.0158

p* = difference within the group between start of treatment and 6 months after
p = difference between groups

two points, but within the same group, whereas p marks the level of
significance of these differences between groups A and B.

Discussion

The results presented indicate an improvement of nutritional status in
uremic patients treated by LPD supplemented with EAA/KA prepara-
tions.

Concerning SCR there was no statistically significant difference
(p =0.9158) between groups A and B after 6 months of treatment (Table 3).
Due to the small number of patients and the unequal distribution of the
underlying renal disease a definitive statement on the progression rate is
difficult. Patients of group B showed a significantly lower serum urea
concentration than patients in group A. This decrease in urea generation is
probably caused by an improvement of uremic protein metabolism.
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Other parameters of nutritional status such as body weight, total protein
and albumin remained fairly similar in both groups. This fact indicates a
stabilization of metabolism under LPD. |

In uremia the serum calcium concentration is decreased, whereas PTH,
PO, and alkaline phosphatase are increased, even in the early stages of the
disease. Under LPD supplemented with EAA/KA we found less deranged
values for PO, and AP. The values for calcium could be stabilized at a low
normal level. PTH was not evaluated. The more normal values were
reached with supplement B. The prevention of the usual derangements of
bone metabolism is an important “side effect” of LPDs supplemented
with KA. Possible mechanisms for the effect of KA supplements on bhone
metabolism are:

1. high calcium intake causes a higher absorption of calcium, which pre-
vents the usual hypocalcemia. In turn this normalization of calcium
reduces hyperparathyroidism resulting in a more or less normal bone
turnover,

2. high calcium contents might inhibit absorption of phosphate by form-
ing insoluble Ca; (PO,), salts,

3. a possible direct effect of KAs on the PT suppressing the production of
PTH is discussed by Froéhling (11).

4. increased uptake of calcium and phosphate by bone.

Usually the composition of preparations is according to the proposals of
Rose. This pattern of AA is based on the theoretical background, which
does not take into account the special requirements of uremic patients.
This is true for supplement A. On the other hand, supplement B was
composed by Walser, considering the special metabolic situation of
uremic patients.

We analysed BCAA concentrations in our patients. The analysis was
restricted to BCAA, as in uremic patients these AAS are the most valuable
parameters for muscle metabolism. Despite subnormal initial values for
the BCAA concentrations, improved levels were noted after 6 months of
therapy with both preparations. In group B we even found normal values
for these amino acids. The normalized BCAA values could be maintained
until renal replacement therapy had to be installed. The improvement
might be explained by the following hypothetic biochemical mechanisms:
1. the direct transamination of keto analogues and consecutive refill of AA

pool. The rate of transamination of BCAA in uremic patients might be

higher than the usual 20-40 % (12-14) as the plasma concentration of

BCAA might be rate limiting for this conversion. This explains the high

efficiency of the keto acid supplementation,

2. retention of AA in protein and reduced synthesis of urea,

3. regulatory effects for an increased protein synthesis caused by
ketoleucine (15),

4. shifts between the intra- and extracellular pool.

The different results between groups A and B can be explained by the
higher intake of keto analogues used in supplement B.

Our results contrast with the data presented by Kopple et al. (16),
Rippich et al. (17), and Alvestrand (18). These authors detected an increase
of valine, but not of leucine and isoleucine, whereas Ando et al. (19) found
a plasma BCAA concentration comparable to ours. These varying results
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are explained by the different degree of renal functional impairment and
the duration of the underlying renal diseases analysed by the individual
author, It is obvious that a patient with long-standing renal disease and a
high degree of renal functional impairment will exhibit a depleted pool of
BCAA compared to a patient with better renal function and a short
duration of disease. Therefore we conclude that in future studies plasma
concentrations of BCAA should be assessed according to the duration of
the disease and the degree of renal impairment. As we analysed the plasma
concentrations of patients who had a better renal function than patients in
other studies, we suppose that the AA pool of our patients was less
deranged.

In conclusion: the presented data demonstrate that a KA supplementa-
tion modified according to the considerations of Walser results in a slower
rate of deterioration of renal function, an improved nutritional status of
the uremia patients, and a lesser degree of renal osteodystrophy in
patients with a serum creatinine between 6 and 10 mg/dl. Our results
illustrate the importance of the composition of EAA/KA supplements,
Furthermore this study underlines the importance of analysing plasma
AA patterns of comparable stages of renal functional impairment and after
a defined duration of the renal disease.
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