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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 EAAJKA 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). 

ZusammenfassunE 

58 ambulante Patienten mit chronischer Niereninsuff~zienz (Serumkreatinin 6-10 
rng/dl) erhielten eine eiwei~reduzierfe Di~t (30 g), substituiert mit essentiellen Arni- 
nos~uren (EAS) bzw. deren Ketoanalogen (KS). Gruppe A (n = 19) erhielt Substitu- 
tionspr~parat A mit einer Zusammensetzung entsprechend dem Rose-Schema, 
Gruppe B (n = 89) erhielt das Substitutionsprfiparat Bmit einer h6heren Konzentra- 
tion an verzweigtkettigen KS, entsprechend den Vorschl~gen yon Walser. Zu 
Beginn und nach Beendigung der Untersuehungsperiode yon 6 Monarch wurden 
neben den Plasmakonzentrationen der verzweigtkettigen Aminos~uren Parameter 
der Nierenfunktion, des Ern~hrungsstatus und des Knochenstoffwechsels 
bestimmt. Die Ergebnisse zeigten, dafJ ein h0herer Anteil an verzweigtkettigen 
EAS/KS (Gruppe B) in der Substitution eine Verbesserung ergab bez(iglich des 
Ern~ihrungsstatus. Es karn zu einem Anstieg des K6rpergewichts, zu einern Abfall 
des Serumharnstoffs und zu einer Normalisierung der Plasma-Aminos~uren. Die 
Ver~nderungen bezdglich 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 
ausgepr~gt war. S~mtliehe hier genannten Ergebnisse waren statistisch signifikant 
(p < 0,01). 

Key words: chronic renal failure, low protein diet, supplementation, branched 
chain amino acids 
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I n t r o d u c t i o n  

L o w  p r o t e i n  d i e t s  ( L P D )  a re  i n c r e a s i n g l y  b e i n g  u s e d  to  s l o w  d o w n  t h e  
p r o g r e s s i o n  o f  c h r o n i c  r e n a l  f a i l u re  (CRF)  (1-4). T h e  l o w e r  t h e  p r o t e i n  
c o n t e n t  o f  t h e  d i e t s  t h e  m o r e  i m p o r t a n t  is  t h e  u s e  o f  p r o t e i n  o f  h i g h  
b i o l o g i c a l  v a l u e  o r  t h e  s u p p l e m e n t a t i o n  o f  t h e  d i e t s  w i t h  e s s e n t i a l  a m i n o  
a c i d s  (EAA)  o r  t h e i r  k e t o  a n a l o g u e s  (KA).  U p  to  n o w  s e v e r a l  s u p p l e m e n t s  
w i t h  d i f f e r e n t  c o m p o s i t i o n s  h a v e  b e e n  u s e d  in  u r e m i c  p a t i e n t s  (5-7). 
C o m p a r i s o n s  o f  t h e  a c h i e v e d  e f f ec t s  on  m e t a b o l i s m  in  u r e m i a  a r e  s c a n t y ,  
m a i n l y  b e c a u s e  t h e r e  a r e  o n l y  s h o r t t e r m  s t u d i e s  o f  l e s s  t h a n  t w o  m o n t h s  
d u r a t i o n  p e r  a p p l i e d  p r e p a r a t i o n .  S t u d i e s  w i t h  s u c h  s h o r t  d u r a t i o n s  a r e  o f  
l i m i t e d  v a l u e ,  as  a m i n o  a c i d  a n d  p r o t e i n  p o o l s  n e e d  t i m e  to  b e  re f i l l ed .  

T h e  a i m  o f  t h e  p r e s e n t  s t u d y  w a s  to  i n v e s t i g a t e  t h e  e f f ec t  o f  t w o  
d i f f e r e n t  e s s e n t i a l  a m i n o  a c i d / k e t o  a n a l o g u e  ( E A A / K A )  p r e p a r a t i o n s  o n  
b i o c h e m i c a l  p a r a m e t e r s  in  p a t i e n t s  w i t h  C R F  a f t e r  s ix  m o n t h s  o f  a p p l i c a -  
t ion .  

M e t h o d s  

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

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

For  the determinat ion of p lasma amino acid concentrations 4 parts of p lasma 
from EDTA blood were deproteinized with 1 part  of sulfosalicylic acid. Samples  for 

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

Group A Group B 

Keto-Isoleucine 0.144 0.234 
Keto-Leueine 0.217 0.292 
Keto-Valine 0.184 0.308 
Keto-Methionine 0.127 0.175 
Keto-Phenylalanine 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 LC 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 
t reatment  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. 

R e s u l t s  

At  t h e  s ta r t  o f  t r e a t m e n t  t h e  in i t i a l  da t a  o f  p a t i e n t s  in  g r o u p  A (n = 19) 
a n d  B ( n = 3 9 )  d e m o n s t r a t e d  no  s t a t i s t i ca l ly  s i g n i f i c a n t  d i f f e r e n c e s ,  
w h e r e a s  f r o m  a c l in i ca l  p o i n t  o f  v i e w  r ena l  f u n c t i o n ,  b o d y  w e i g h t  a n d  
s e r u m  p h o s p h a t e  e x h i b i t e d  s o m e  d e g r e e  o f  v a r i a t i o n  (Tab le  2). S i x  m o n t h s  
a f t e r  t h e  s t a r t  o f  d i e t a r y  t r e a t m e n t  p a t i e n t s  o f  g r o u p  B s h o w e d  s ignif i -  

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 7.6 + 2.2 152 4- 26 

p = 0.0254 0.3927 

Nutritional status 

Albumin Total protein Body weight 
(rel. %) (g/l) (kg) 

Group A 55.7 4- 4.8 6.5 + 0.6 67.5 + 9.9 
Group B 54.6 + 1.4 6.5 --- 0.5 60.2 ___ 13.1 

p = 0.5176 0.9092 0.0698 

Bone metabol ism 

Phosphate  Calcium Alk. Phosphatase 
(mmol/1) (mmol/1) (retool/l) 

Group A 2.0 + 0.4 2.1 _+0.2 242 + 168 
Group B 1.8 _+ 0.4 2.2 4- 0.2 309 + 127 

p = 0.0322 0.06 0.1680 

p = difference between groups 
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Table 3. Pat ient  data after 6 months  of  t reatment  

Renal function 

SCR (mg/dl) Urea (mg/dl) 

Group A 7.8 ___ 1.7 144 ___ 40 
Group B 7.8 _+ 2.5 108 + 31 

p = 0.9158 0.0004 

Nutr i t ional  status 

Albumin  Total protein Body weight  
(rel. %) (g/l) (kg) 

Group A 56.5 +_ 9.6 6.7 ___ 0.7 67.2 +_ 10.1 
Group B 57.3 __+ 2.5 7.0 -.+ 0.7 62.3 _+ 11.9 

p = 0.8301 0.1905 0.2019 

Bone metabol i sm 

Phosphate  Calcium Alk. Phosphatase  
(mmol/1) (mmol/1) (mmol/l) 

Group A 2.2 _-4- 0.5 2.17 + 0.17 149 + 99 
Group B 1.4 _+ 0.3 2.44 ___ 0.11 168 _ 49 

p = 0.0001 0.O001 0.5440 

p = difference between groups 

c a n t l y  l o w e r  u r e a  a n d  p h o s p h a t e  l eve l s ,  t h e  v a l u e s  for  c a l c i u m  i n c r e a s e d  
( T a b l e  3). 

I n  g r o u p  A r e n a l  f u n c t i o n  d e t e r i o r a t e d  as  S C R  i n c r e a s e d ,  t h e  p l a s m a  
c o n c e n t r a t i o n s  o f  va l i ne ,  l e u c i n e  a n d  i s o l e u c i n e  i m p r o v e d ,  w h e r e a s  a l l  
o t h e r  p a r a m e t e r s  r e m a i n e d  f a i r l y  s t ab le .  I n  g r o u p  B r e n a l  f u n c t i o n  c o u l d  
b e  s t a b i l i z e d ,  u r e a  w e n t  d o w n  " d r a m a t i c a l l y " ,  t h e  n u t r i t i o n a l  s t a t u s  
i m p r o v e d ,  a s  d i d  b o n e  m e t a b o l i s m  a n d  t h e  p l a s m a  c o n c e n t r a t i o n s  o f  
b r a n c h e d  c h a i n  a m i n o  a c i d s  (BCAA) .  

I n i t i a l l y  t h e  B C A A  w e r e  s u b n o r m a l  in  a l l  p a t i e n t s .  W i t h  r e g a r d  to  t h e  
B C A A  c o n c e n t r a t i o n s ,  a t  t h e  s t a r t  o f  t r e a t m e n t  t h e r e  w a s  no  s i g n i f i c a n t  
d i f f e r e n c e  b e t w e e n  t h e  t w o  g r o u p s .  U n d e r  b o t h  t h e r a p e u t i c  r e g i m e n s  w e  
o b s e r v e d  a n  i n c r e a s e  in  t h e  B C A A  c o n c e n t r a t i o n s .  B u t  o n l y  in  g r o u p  B 
w a s  a n o r m a l i z a t i o n  n o t e d  (Fig.  1). T h e s e  n o r m a l  B C A A  c o n c e n t r a t i o n s  
c o u l d  b e  m a i n t a i n e d  u p  to  t h e  d a t e  w h e n  r e n a l  r e p l a c e m e n t  t h e r a p y  h a d  to  
b e  i n s t a l l e d .  

I n  T a b l e  4 d i f f e r e n c e s  b e t w e e n  t h e  d a t a  at  t h e  s t a r t  o f  t r e a t m e n t  a n d  6 
m o n t h s  a f t e r  a r e  g i v e n  o n c e  m o r e  a c c o r d i n g l y  fo r  g r o u p s  A a n d  B. N e g a -  
t i ve  v a l u e s  i n d i c a t e  t h a t  t h e  s e c o n d  v a l u e  w a s  h i g h e r  t h a n  t h e  f i r s t  a n d  v i c e  
ve r sa ,  p+ s p e c i f i e s  t h e  l e v e l  o f  s i g n i f i c a n c e  for  t h e  d i f f e r e n c e  b e t w e e n  t h e  
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Table 4. Change expressed as difference between the two values at start and 
6 months  after start of t reatment 

Renal function 

SCR Urea 
x p+ x p+ 

Group A - 1.6 0.0031 1 0.8820 
Group B - 0.2 0.1558 44 0.0001 

p = 0.0089 0.0001 

Nutrit ional status 

Albumin  Total protein Body weight 
x p+ x p+ x p+ 

Group A - 0.3 0.6563 0.2 0.0240 0.2 0.6507 
Group B - 2.2 0,0001 - 0.5 0.0001 - 2 0.0001 

p = 0.0268 0.0724 0.0003 

Bone metabolism 

Phosphate Calcium Alk. Phosphatase 

p+ ~ p+ x p§ 

GroupA - 0.4 0.0726 - 0.02 0.05999 54 0.0780 
Group B 0.3 0.0001 - 0.17 0.0001 126 0.0001 

p = 0.0027 0.0044 0.0158 

p+ = difference within the group between start of t reatment and 6 months  after 
p = difference between groups 

two  po in t s ,  b u t  w i t h i n  t he  s a m e  g roup ,  w h e r e a s  p m a r k s  t he  level  of  
s i g n i f i c a n c e  of  t h e s e  d i f f e rences  b e t w e e n  g r o u p s  A a n d  B. 

Discussion 

T h e  r e su l t s  p r e s e n t e d  i n d i c a t e  a n  i m p r o v e m e n t  of  n u t r i t i o n a l  s t a tus  i n  
u r e m i c  p a t i e n t s  t r e a t e d  b y  L P D  s u p p l e m e n t e d  w i t h  E A A / K A  prepara -  
t ions .  

C o n c e r n i n g  S C R  the r e  was  n o  s ta t i s t i ca l ly  s i g n i f i c a n t  d i f f e r ence  
(p = 0.9158) b e t w e e n  g r o u p s  A a n d  B af ter  6 m o n t h s  of  t r e a t m e n t  (Table  3). 
D u e  to t he  s m a l l  n u m b e r  of  p a t i e n t s  a n d  t h e  u n e q u a l  d i s t r i b u t i o n  of  the  
u n d e r l y i n g  r e n a l  d i s ease  a d e f i n i t i v e  s t a t e m e n t  on  the  p r o g r e s s i o n  ra te  is 
d i f f icul t .  P a t i e n t s  of  g r o u p  B s h o w e d  a s i g n i f i c a n t l y  l ow e r  s e r u m  u r e a  
c o n c e n t r a t i o n  t h a n  p a t i e n t s  i n  g r o u p  A. Th i s  dec rea se  in  u r ea  g e n e r a t i o n  is 
p r o b a b l y  c a u s e d  b y  a n  i m p r o v e m e n t  o f  u r e m i c  p r o t e i n  m e t a b o l i s m .  
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Other  p a r a m e t e r s  of  nut r i t ional  s ta tus  such  as b o d y  weight ,  to ta l  p ro te in  
and  a l b u m i n  r e m a i n e d  fairly s imilar  in bo th  groups.  This  fact  indicates  a 
s tabi l izat ion of  m e t a b o l i s m  unde r  LPD.  i 

In  u r emia  the  s e r u m  ca lc ium concen t ra t ion  is decreased,  whereas  PTH,  
PO4 and  a lkal ine  p h o s p h a t a s e  are increased,  even  in the  ear ly  s tages of  the  
disease.  U n d e r  L P D  s u p p l e m e n t e d  wi th  EAA/KA we found  less de ranged  
va lues  for  PO4 and  AP. The  values  for ca lc ium could be  s tabi l ized at a low 
n o r m a l  level. P T H  was  not  evaluated.  The  m o r e  no rma l  values  were  
r eached  wi th  s u p p l e m e n t  B. The  p reven t ion  of  the  usual  d e r a n g e m e n t s  of  
b o n e  m e t a b o l i s m  is an i m p o r t a n t  "s ide  effect"  of  L P D s  s u p p l e m e n t e d  
wi th  KA. Poss ib le  m e c h a n i s m s  for  the  effect  of  KA s u p p l e m e n t s  on bone  
m e t a b o l i s m  are: 
1. h igh  ca lc ium in take  causes  a h igher  abso rp t ion  of  calcium, wh ich  pre- 

ven t s  the  usua l  hypoca lcemia .  In  tu rn  this normal iza t ion  of  ca lc ium 
reduces  h y p e r p a r a t h y r o i d i s m  resul t ing in a m o r e  or less n o r m a l  bone  
tu rnover ,  

2. h igh ca lc ium con ten t s  m i g h t  inhibi t  abso rp t ion  of p h o s p h a t e  by  form-  
ing inso luble  Ca3 (PO4)2 salts, 

3. a poss ib le  d i rec t  effect  of  KAs  on the  P T  suppres s ing  the p roduc t ion  of  
P T H  is d i scussed  by  Fr0hl ing  (11). 

4. inc reased  u p t a k e  of  ca lc ium and p h o s p h a t e  b y  bone.  
Usua l ly  the  c o m p o s i t i o n  of p repa ra t ions  is accord ing  to the  p roposa l s  o f  

Rose.  This  pa t t e rn  of  AA is based  on the  theoret ica l  background ,  wh ich  
does  not  t ake  into accoun t  the  special  r e q u i r e m e n t s  of  u remic  pat ients .  
This  is t rue  for s u p p l e m e n t  A. On the  o ther  hand,  s u p p l e m e n t  B was  
c o m p o s e d  by  Walser, cons ider ing  the  special  me tabo l i c  s i tuat ion of  
u r e m i c  pat ients .  

We ana lysed  BCAA concen t ra t ions  in our  pat ients .  The  analysis  was  
res t r ic ted  to BCAA, as in u r em i c  pa t ien ts  these  AAS are the  m o s t  va luab le  
p a r a m e t e r s  for  m u s c l e  me tabo l i sm.  Desp i te  s u b n o r m a l  initial va lues  for 
the  BCAA concent ra t ions ,  i m p r o v e d  levels  were  no ted  af ter  6 m o n t h s  of  
t h e r a p y  wi th  bo th  p repara t ions .  In  g roup  B we even  found  n o r m a l  va lues  
for these  amino  acids.  The  normal ized  BCAA values  could  be  ma in t a ined  
unt i l  renal  r e p l a c e m e n t  t h e r a p y  had  to be  installed. The  i m p r o v e m e n t  
m i g h t  be  exp la ined  b y  the  fol lowing hypo the t i c  b iochemica l  m e c h a n i s m s :  
1. the  d i rec t  t r ansamina t ion  of  ke to  ana logues  and  consecu t ive  refill of  AA 

pool.  The  rate  of  t r an s am i na t i on  of  BCAA in u remic  pa t ien ts  m i g h t  be  
h igher  t h a n  the  usual  20-40 % (12-14) as the  p l a s m a  concen t ra t ion  of  
BCAA m i g h t  be  rate  l imi t ing  for  this convers ion.  This  expla ins  the  h igh  
ef f ic iency of  the  ke to  acid supp lemen ta t ion ,  

2. r e ten t ion  of  AA in p ro te in  and  r educed  synthes is  of  urea,  
3. r egu la to ry  effects  for  an increased  pro te in  synthes is  caused  b y  

ke to l euc ine  (15), 
4. shif ts  b e t w e e n  the  intra-  and  ext race l lu lar  pool. 

The  dif ferent  resul ts  b e t w e e n  g roups  A and  B can  be  exp la ined  by  the  
h igher  in take  of  ke to  ana logues  used  in s u p p l e m e n t  B. 

Our  resul ts  con t ras t  wi th  the  data  p r e sen t ed  b y  Kopp le  et al. (16), 
R ipp ich  et  al. (17), and  Alves t rand  (18). These  au thors  de tec ted  an increase  
of  valine,  bu t  no t  of  leucine and  isoleucine,  w he rea s  Ando  et al. (19) found  
a p l a s m a  BCAA concen t ra t ion  c o m p a r a b l e  to ours. These  va ry ing  resul ts  
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are explained by  the different degree of  renal funct ional  impai rment  and 
the  dura t ion of the  under ly ing  renal  diseases analysed by  the individual  
author.  It  is obvious  that  a pat ient  with long-s tanding renal disease and a 
h igh degree of  renal funct ional  impa i rment  will exhibi t  a depleted pool of  
BCAA compared  to a pat ient  with bet ter  renal funct ion and a short  
dura t ion of  disease. Therefore  we conc lude  that  in future studies plasma 
concent ra t ions  of  BCAA should  be assessed according  to the durat ion of 
the disease and the degree of  renal impairment .  As we analysed the plasma 
concent ra t ions  of  patients who had a bet ter  renal funct ion  than  patients in 
o ther  studies, we suppose  that  the AA pool of  our  patients was less 
deranged.  

In  conclusion:  the presented  data demons t ra te  that  a KA supplementa-  
t ion modif ied  accord ing  to the considerat ions  of  Walser results in a slower 
rate of  deter iorat ion of renal function,  an improved  nutri t ional  status of  
the u remia  patients,  and  a lesser degree of  renal os t eodys t rophy  in 
patients with a serum creatinine be tween 6 and 10 mg/dl. Our results 
illustrate the impor tance  of  the compos i t ion  of  EAA/KA supplements .  
Fu r the rmore  this s tudy  under l ines  the impor tance  of  analysing p lasma 
AA pat terns  of  comparab le  stages of  renal funct ional  impa i rment  and after 
a def ined dura t ion of  the renal disease. 
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