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Abstract: Chronic kidney disease (CKD) is increasingly common, and there is an increasing awareness

that every strategy should be used to avoid complications of CKD. Restriction of dietary protein intake has

been a relevant part of themanagement of CKD for more than 100 years, but even today, the principal goal

of protein-restricted regimens is to decrease the accumulation of nitrogen waste products, hydrogen ions,

phosphates, and inorganic ions while maintaining an adequate nutritional status to avoid secondary prob-

lems such as metabolic acidosis, bone disease, and insulin resistance, as well as proteinuria and deteri-

oration of renal function. This supplement focuses on recent experimental and clinical findings related to an

optimized dietarymanagement of predialysis, dialysis, and transplanted patients as an important aspect of

patient care. Nutritional treatment strategies are linked toward ameliorating metabolic and endocrine dis-

turbances, improving/maintaining nutritional status, aswell as delaying the renal replacement initiation and

improving outcomes in CKD patients. A final consensus states that dietary manipulations should be con-

sidered as one of themain approaches in themanagement programofCKDpatients and that a reasonable

number of patients with moderate or severe CKD benefit from dietary protein/phosphorus restriction.
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Literature Update on Low Protein Diets: What’s New?
Philippe Chauveau, Bordeaux, France
Protein-restricted diets have been used for decades
to alleviate uremic symptoms, to prevent compli-
cations such as metabolic acidosis and renal osteo-
dystrophy, as well as to improve complications
such as abnormal glucose metabolism and hyper-
tension in patients with advanced chronic kidney
disease (CKD). There is also clinical trial evidence
to suggest that protein-restricted diets can slow the
rate of progression in patients with CKD and/or
the occurrence of renal death in those with predia-
lytic CKD (Fig. 1).1,2

Recent publications (2009 to 2010) clearly sup-
port the notion that controlled protein restriction
(keto/amino acid-supplemented low protein diet
[sLPD] or very low protein diet [sVLPD]) during
the predialysis phase or dialysis phase (peritoneal
dialysis [PD]) positively influences metabolic and
renal outcome parameters. Furthermore, this
therapeutic concept neither leads to malnutrition
nor influences mortality negatively at the start of
dialysis or during subsequent treatment with renal
replacement therapy:
Figure 1. Meta-analysis of randomized trials comparing
patients suffering from moderate to severe kidney failure
mission obtained from Fouque and Laville, Cochrance D
New Approaches and Experimental
Studies

Oxidative stress and insulin resistance have been
observed in CKD patients.3 A body of evidence
supports the role of urea in these abnormalities.
Pathologically increased concentrations of urea
seen in CKDpatients are known to increase oxida-
tive stress. As one consequence, insulin response
and glucose transport are impaired. These changes
directly correlate with increased insulin resistance
and elevated levels of insulin resistance-associated
adipokines in vitro and in vivo (uremic mice).
Treatment with an antioxidant superoxide dismu-
tase/catalase mimetic prevents these urea-induced
abnormalities.4

Because insulin resistance has been identified as
an important independent cardiovascular risk fac-
tor, therapeutics that directly target urea-induced
reactive oxygen species and insulin resistance
may potentially help reduce the high morbidity
and mortality caused by end-stage renal disease.
low protein diets versus higher protein diets in adult
with respect to the occurrence of renal death. Per-
atabase Syst Rev 2009, CD001892.2
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In the past, clinical studies dealing with protein-
restricted diets supplemented with keto/amino
acids resulting in a significant decrease in urea pro-
duction, have already demonstrated a beneficial ef-
fect on insulin resistance and oxidative stress in
humans. A recent experimental study with
Sprague–Dawley rats that underwent 5/6 nephrec-
tomy supports the beneficial effect of protein-
restricted diets supplemented with keto/amino
acids on oxidative stress. Fifty-seven rats were di-
vided into 3 groups and assigned to 3 dietary regi-
mens: normal protein diet (NPD 5 22% protein),
low protein diet (LPD 5 6% protein), and low
protein diet plus keto/amino acids (LPD and
KA/AA 5 5% protein and 1% keto/amino acids
[Ketosteril�, Fresenius Kabi, Bad Homburg,
Germany]). After 24 weeks, the nutritional indices
(e.g., body weight, albumin) were similar in all
groups, whereas renal parameters such as protein-
uria, glomerular sclerosis index, tubulointerstitial
fibrosis score, and expression of fibrosis-related
genes (e.g., transforming growth factor-beta, type
I collagen, fibronectin) were significantly decreased
in the LPD and KA/AA group compared with the
NPD an LPD groups.5
Proteinuria as a Marker of CKD
Severity (Stage 3 or 4 Before Renal

Replacement Therapy)

The role of proteinuria in the progression to
kidney failure has been well established, and the
severity of renal disease is positively correlated
with the level of proteinuria. More recently, sev-
eral studies have shown that proteinuria is also
one of the most important and independent fac-
tors of cardiovascular morbidity and mortality.

A lowering effect on proteinuria by 58% due to
adherence to a marked protein-restricted diet has
been reported by Di Iorio et al.6 A prospective,
randomized, controlled, crossover trial evaluated
the therapeutic efficacy of a keto/amino acid-
supplemented VLPD in comparison with an LPD
in a group of 32CKDpatients (stages 4 or 5) exhib-
iting a persistent proteinuria higher than 3 g/day.
This study demonstrated that a keto/amino acid-
supplemented VLPD reduced both proteinuria
and serum advanced glycation end products—
even in the presence of complete inhibition of the
renin–angiotensin system in patientswithmoderate
to advanced CKD and severe proteinuria.
A study by Chang et al.1 investigated whether
keto/amino acid supplementation during an
LPD retards the progression ofCKDandmaintains
nutritional status in nutritionally well-trained
CKD patients. A group of 120 diabetic and nondi-
abeticCKD (stages 3 or 4) patientswere assigned to
an LPD alone or to a Ketosteril�-supplemented
LPD for 6 months. The authors showed that
keto/amino acid supplementation in addition to
LPDs delayed the progression of CKD without
deteriorating nutritional status, and patients with
diabetes or those with a better nutritional status
showed a greater likelihood of benefiting from
the diet.
Even if dialysis is a well-established life-saving

therapy, it is associatedwith ahigh economic burden
and clinically severe complications—especially in
elderly patients (age$70years).Additionally, health
and economic benefits could derive from postpon-
ing dialysis treatment by the implementation of
a VLPD supplemented with keto/amino acids
(sVLPD). A randomized controlled clinical trial
performed by Brunori et al.7 has shown that elderly
stage 5 CKDpatients on sVLPDswere able to delay
the initiation of dialysis for 1 year, on average, with
no negative consequence with respect to morbidity
and mortality. By using these data, a recent analysis8

aimed to estimate and compare costs and benefits of
dialysis versus sVLPD treatment from the perspec-
tive of the ItalianNational Health Service in elderly
patients affected by stage 5CKD.Data of 57 patients
with nondiabeticCKD (glomerular filtration rate: 5
to 7 mL/minute/1.73 m2) were analyzed with re-
spect to costs for dialysis treatment and hospitaliza-
tion by using the diagnosis-related group tariffs
(e.g., vascular/peritoneal access/complications),
drugs, laboratory/instrumental tests, medical visits,
and costs of patients’ travel for a period of 3.2 years.
The opportunity to safely postpone initiation of di-
alysis of 1 year/patient, on average, translated into an
economic benefit to the National Health Service,
corresponding to 21,180V/patient in the first,
6,500V/patient in the second, and 682V/patient
in the third year of treatment (Fig. 2).
Influence of Dietary Protein
Restriction on the Outcome of PD

Patients

PD is an important treatment option for end-
stage renal disease patients. According to the re-
sults of the large-scale Canada -USA (CANUSA)



Figure 2.Comparison of mean and confidence intervals of costs and benefits during 3 years of treatment with
dialysis versus keto/amino acid-supplemented very low protein diet (sVLPD) in elderly stage 5 chronic kidney
disease (CKD) patients (aged $70 years, glomerular filtration rate: 5 to 7 mL/minute). Printed with permission
from Scalone et al. Nephrol Dial Transplant, 2010, 25, 907-913.8
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study, the mortality rates, as well as the technical
survival of PD patients, were highly influenced
by the degree of peritoneal permeability (perito-
neal equilibration test).9

A recent retrospective analysis divided 37 pa-
tients at the start of PD treatment into 2 groups ac-
cording to the dietary protein intake (0.37 6 0.05
[A] vs. 0.64 6 0.13 g/kg body weight/day [B])
during their predialysis period.10 There were no
significant differences between the groups A and
B with respect to age, gender, proportion of
diabetic nephropathy, systolic/diastolic blood pres-
sure, body mass index, or body surface area. How-
ever, patients who were treated with a marked
protein-restricted diet showed a lower peritoneal
permeability (5 lower dialysate-to-plasma ratio of
creatinine at 4 hours) on the peritoneal equilibra-
tion test at the introduction of PD.

Owing to the fact that a poorer prognosis,
a higher hospitalization rate, as well as a higher
risk of malnutrition could be associated with
a higher peritoneal permeability, an effective pro-
tein restriction during the predialysis period may
be considered as one risk factor modulator.
Proteinuria/Residual Renal
Function (Stage 5—PD)

The decline of residual renal function (RRF) in
those with PD significantly contributes to impor-
tant complications (e.g., cardiac hypertrophy/
volume control/inflammation/uremic toxins/oxi-
dative status/nutritional status) that predict patients’
mortality and a reduced quality of life. The preser-
vation of residual function is therefore considered as
a therapeutic aim.3 One available therapeutic op-
tion is a moderately protein-reduced diet supple-
mented with Ketosteril�—as known from the
predialysis phase of CKD. A recent prospective ran-
domized trial11 included 60 stable PD patients
(RRF: 4.04 6 2.30 mL/minute/1.73 m2, urine
output: 1,226 6 449 mL/day) to compare the
effects of 3 different types of diet (NPD: 1.0 to
1.2 g protein/kg body weight/day, LPD: 0.6 to
0.8 g protein/kg body weight/day, LPD and
KA/AA: 0.6-0.8 g protein/kg body weight/day
plus Ketosteril�) on nutritional indices, protein-
uria, and RRF within a 6-month period. It has
been demonstrated that a keto/amino acid-
supplemented 0.6 to 0.8 g protein/kg body
weight/day diet resulted in a significant decrease
in proteinuria and maintenance of RRF and urine
output, while maintaining the nutritional status.
Metabolic Acidosis

Metabolic acidosis is a common complication
that affects nutrition, metabolism, and renal func-
tion in patients with advanced CKD, particularly
when the glomerular filtration rate decreases be-
low 30 mL/minute. There have been many dem-
onstrations that metabolic acidosis causes loss of
body protein storeswhileweakening bones in nor-
mal adults and patients with CKD. Metabolic aci-
dosis arises for 2 reasons: first, there is impaired
ability of the kidneys to excrete acid; second, the
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production of acid from excess protein is reduced
while the metabolism of ketoacids yields bicar-
bonate.12 Indeed, there is evidence that provision
of sodium bicarbonate to patients with CKD
will not only improve the nutritional status of
CKD patients but also can slow the loss of RRF.
This is relevant because the keto/amino acid-
supplemented VLPD regimen generally is associ-
ated with an increase in serum bicarbonate.13,14

Metabolic acidosis promotes interstitial fibrosis
meditated by a stimulation of the endothelin pro-
duction and an adaptation in the renal ammonia
handling.15,16 Subsequently, a bicarbonate level
within the normal range exerts favorable effects
on the renal function in CKD patients. Guidelines
designed for predialysis and dialysis patients
recommend serum bicarbonate levels of
$22 mmol/L as an effective level to prevent this
complication.

Treatment strategies to lower endothelin
production and therefore to preserve renal
function in CKD patients include the usage
of alkalinizing agents and dietary manipula-
tions that lower tissue acid levels. Phisitkul
et al.17 demonstrated that sodium citrate (as
an alkalinizing agent) may ameliorate kidney
injury in predialytic CKD patients. Further,
they provide evidence in humans that bicar-
bonate lowers urinary endothelin levels, and
hence increased endothelin may be part of
the mechanism, whereby acidosis hastens
CKD progression. Studies in rats showed that
an increased intake of acid-inducing dietary
protein induces endothelin production that in
turn stimulates tubulointerstitial injury.18 Clin-
ical studies examining the effect of protein-
restricted diets supplemented with keto/amino
acids on the acid balance in predialytic CKD
patients have shown frequently a positive effect
on the serum bicarbonate levels.19-21 Thus,
a dietary intervention such as dietary protein
restriction can be considered a therapeutic ap-
proach to improving metabolic acidosis associ-
ated with subsequent favorable effects on
nutritional status and to retarding the progres-
sion of CKD.
Long-Term Outcome on Renal Replacement Therapy in Patients
Who Previously Were on a Supplemented Very Low Protein Diet
Michel Aparicio, Bordeaux, France
Safety of dietary prescription in chronic kidney
disease (CKD) patients remains a matter of de-
bate with regard to patient outcome before
and after the initiation of renal replacement
therapy (RRT). According to some investiga-
tors, these diets, especially those designed as
keto/amino acid-supplemented very low protein
diets (sVLPD), would expose CKD patients to
a poor long-term prognosis mainly related to
deterioration in their nutritional status.22-24

However, it has been widely shown that moti-
vated patients with uncomplicated CKD as-
signed to an sVLPD—as long as they are
carefully and regularly monitored and followed
up—maintain a neutral nitrogen balance and
an unchanged body composition, and their nu-
tritional status at the initiation of RRT favorably
compares with that of patients who have not re-
ceived dietary counseling (i.e., .50% of CKD
patients).25-27 Moreover, the improvement of
most of the uremic signs and symptoms and of
the related biochemical abnormalities by sVLPD
allows a substantial delay in the initiation of di-
alysis treatment.
In the Bordeaux experience, patients on

sVLPDs started RRT at a glomerular filtration
rate (isotopic) of 5.9 6 1.6 mL/minute. Com-
pared with the patients of the French Dialysis
Registry who started dialysis at an estimated glo-
merular filtration rate (eGFR) of 9.2 6 5.4 mL/
minute, those patients on an sVLPD (33.1 6
27.8 months) experienced a delayed initiation of
dialysis evaluated to 15.4 months.28 It is notice-
able that these results are similar to those reported
in the secondary analysis of the Modification of
Diet in Renal Disease (MDRD) Study, taking
into account the achieved protein and not the
prescribed protein intake. In this study, it was cal-
culated that patients following an sVLPD for
nearly 3 years could gain 15 months in compari-
son with those patients who received LPDs or
no dietary protein restriction.29 Several studies



SLVPD group (n=101)

Control group (n=865)

p=0.01

p=0.003

0

0.2

0.4

0.6

0.8

1

P
a

t
i
e

n
t
 
s

u
r
v
i
v
a

l

0 25 50 75 100 125 150 175 200

Time (Months)

0

0.2

0.4

0.6

0.8

1

0 25 50 75 100 125 150 175 200

G
r
a

f
t
 
s

u
r
v
i
v
a

l

Time (Months)

Figure 3. Patient survival and graft survival in pa-
tients in the sVLPD and control groups. The survival
rate was higher in the sLVPD group than in the con-
trol group (P 5 .01, log-rank test). Reprinted with
permission from Chauveau et al. Am J Clin Nutr.
2009, 90, 969-974.28
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had previously shown that fears concerning the
outcome on RRT of those patients previously
treated with an sVLPD were not justified.21,30

However, a recent article dealing with the ex-
tended follow-up of study B of the MDRD Study
concluded that ‘‘assignment to a keto/amino acid-
supplemented VLPD increased the risk of death.’’
In this analysis, the authors studied all-cause mor-
tality 7 years after termination of the study and
observed that the sVLPD group had 82% greater
risk than the control group on conventional
LPD.31

The Bordeaux experience is different from
the results published by Menon et al.31 We ad-
dressed the long-term outcome (131 6 74
months) of 203 patients on RRT who were
treated during the predialysis period with an
sVLPD for 33.1 6 27.8 months (4 to 270).28

The survival rate in the whole cohort was
79% and 63% at 5 and 10 years, respectively.
There was no correlation between death rate
and duration of sVLPD. One hundred two pa-
tients were treated with hemodialysis during
the entire follow-up, whereas 101 were grafted
at least once. Patient survival rate in the mainte-
nance dialysis group in this series of patients was
as good as in those of the age-matched patients
of the French National Dialysis Registry: 97%,
88%, and 76% in our study compared with
92%, 85%, and 80% in the French Registry at
1, 2, and 3 years, respectively. The outcome of
the 101 patients who were grafted was similar
to the 865 patients who were grafted in Bor-
deaux during the same period by the same
group. Patient survival rates were 97%, 95%,
and 86% at 5, 10, and 15 years, compared
with 91%, 84%, and 75% in the control group.
Similarly, the graft survival rate was higher in
the sVLPD group: 79%, 69%, and 64% at 5,
10, and 15 years than in the control group:
72%, 56%, and 42% at 5, 10, and 15 years
(Fig. 3).

It is noticeable that baseline eligibility criteria,
follow-up procedures, and survival rates until
completion of the MDRD Study were similar in
both clinical trials, but survey conditions became
different afterward. After completion of the
MDRD Study, no recommendations were made
regarding protein and energy targets, and no infor-
mation on medical management, clinical course,
criteria for beginning dialysis, and type of dialysis
was achievable. On the contrary, in the study by
Chauveau et al.,28 patients continued to be regu-
larly monitored concomitantly by a physician
and a dietitian until the onset of RRT. The regular
survey has enabled patients to preserve a satisfac-
tory nutritional status evidenced at the start of
RRT by a stable body mass index, an unchanged
body composition, and a serum albumin concen-
tration within the normal range. Finally, as re-
ported by Bellizzi et al.,32 mean blood pressure
remained within the normal range in most
patients.
In conclusion, the lack of correlation between

the death rate and duration of sVLPD and
the moderate mortality rate observed during
.10 years of RRT confirm that sVLPD in the
predialysis phase has no detrimental effect on the
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outcome of patients. The discrepancy observed
between the studies of Menon et al.31 and
Chauveau et al.28 confirms that safety of sVLPD
requires a regular survey jointly assumed by physi-
cians and dietitians. It also must be kept in mind
that motivation of the medical staff will strengthen
a patient’s adherence to his/her treatment, as well
as its efficacy.
Long-Term Outcome of Patients Following a Very Low Protein Diet
Supplemented With Keto/Amino Acids During the Predialysis
Period
Vincenzo Bellizzi, Salerno, Italy
Despite the obvious and convincing benefits of
dietary protein restriction in early to advanced
chronic renal disease, concern has been raised
by Menon et al.31 that very low protein diets
(VLPDs) supplemented with keto/amino acids
had no impact on delaying the progression to
kidney failure and no relationship with a compos-
ite outcome of kidney failure and death, but in-
creased the risk of death in patients after the
initiation of dialysis treatment. However, a satisfy-
ing biological or scientific hypothesis for the re-
lation between time-limited exposure to a VLPD
and long-term outcome has not been provided.33

Limitations of the post-trial analysis by Menon
et al.31 make it even more obvious that a conclu-
sive judgment about the safety is not reliable.
Several information deficits lasting from the
end of the MDRD Study until the examination
of the United States Renal Data System database
are present:

B Lack of dietary protein prescription during
the additional follow-up/lack of informa-
tion about dietary proteins and keto/amino
acid consumption at all.

B Lack of nutritional measurements during
the whole follow-up.

B Lack of information on medicinal manage-
ment/confounders (e.g., blood pressure
control, dialysis treatment modalities, ade-
quate preparation for renal replacement
therapy [RRT], transplantation rate).

B Lack of information about comorbidities
(e.g., cardiovascular diseases, uremic
complications).

Two Italian research groups addressed the ques-
tion of long-term survival in advanced chronic
kidney disease (CKD) patient populations assigned
to keto/amino acid-supplemented very low pro-
tein diets (sVLPDs)7 or LPDs.34 Despite differ-
ences in the age of the selected patients (.70 vs.
61 6 18 years) and severity of CKD (glomerular
filtration rate: 5 to 7 mL/minute/1.73 m2 vs.
16 6 7 mL/minute/1.73 m2), degree of protein
restriction (0.3 vs. 0.55 g protein/kg body
weight/day), and keto/amino acid supplementa-
tion, the authors concluded that such dietary in-
terventions are safe in the long-term. In older
CKD patients who were compliant to a keto/
amino acid-supplemented VLPD, the start of dial-
ysis treatment was delayed for about 1 year without
increasing the risk of either death or hospitaliza-
tion.7 The analysis of Cianciaruso et al.34 has con-
firmed that all-cause mortality, dialysis therapy
initiation, and composite outcome (death or dial-
ysis therapy start) were unaffected by dietary pro-
tein restriction of 0.55 g protein/kg body weight/
day.
Furthermore, recently Chauveau et al.28 evi-

denced in patients treated during CKD with
a VLPD supplemented with keto/amino acids
(sVLPD) that the outcome during the following
RRT phase of the kidney disease was not associ-
ated with the use of an sVLPD. It was evaluated us-
ing the very long-term clinical death rate during
the RRT, that is, either maintenance dialysis or
transplantation, in a large group of patients (n 5
203) who previously received an sVLPD for
a mean diet duration of 33 months. The survival
rate in the whole cohort was 79% at 5 years and
63% at 10 years. During such a study, 102 patients
continued with dialysis during the entire follow-
up while 101 patients were grafted. The overall
patient survival in both subgroups (dialysis and
transplantation) was comparable with either the
French Dialysis Registry or the entire group of
patients (n 5 865) who were transplanted in the
whole area where the transplanted sVLPDs
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patients came from along the same period. In ad-
dition, the relationship between death rate and du-
ration of sVLPD was also explored, but no
correlation was found. Therefore, these results
confirm that an sVLPD has no detrimental effect
on the outcome of patients with CKD who re-
ceive RRT. Additionally, these patients showed
a good nutritional condition during the entire
follow-up (stable body mass index; normal serum
albumin concentration). In conclusion, this study
strongly confirms that nutritional therapy before
end-stage renal disease has no detrimental effect
on the outcome of patients once RRT is initiated,
and specifically the sVLPD during pre–end-stage
renal disease is safe for either short- or long-term
periods, once patients begin either dialysis or
transplantation.

Finally, a further Italian prospective controlled
cohort study addressed the question of safety of
a prolonged severe protein-restriction plus
keto/amino acid supplementation on the long-
term survival of CKD patients starting RRT.35

This study included patients assigned to a keto/
amino acid-supplemented VLPD group and
those patients who received standard CKD care
without specific dietary protein restriction
(CKD group) in tertiary nephrology clinics. As
a reference group with unknown CKD care, pa-
Figure 4.Kaplan–Meier survival analysis of patients assign
dard CKD care without specific dietary protein restrictio
unknown CKD care (patient data from the Italian dialysis
tient data from the Italian dialysis and transplan-
tation register, or Registro Italiano di Dialisi e
Trapianto (RIDT) were used. Preliminary data
show that during the follow-up, crude mortality
was similar in the 2 treatment groups (sVLPD
and CKD), whereas it was higher in the refer-
ence group (RIDT). Also, the cumulative sur-
vival starting from the beginning of the study
up to the end of the study analyzed by using
Kaplan–Meier curves did not show any differ-
ences in survival between the sVLPD and CKD
groups, but showed a greater risk of death in
the reference group (Fig. 4). These results per-
sisted in the Cox model adjusted for age, gender,
diabetes, and cardiovascular disease. Further pre-
liminary analyses have identified an age interac-
tion with survival in the sVLPD group but not
in the CKD group, suggesting that in the youn-
ger patients who followed protein restriction plus
keto/amino acid supplementation, the risk for
death during the following RRT seems to be
reduced.
Therefore, these preliminary data also sup-

port the hypothesis that a keto/amino acid-
supplemented VLPD within the predialysis phase
of CKD, seems to be associated with better sur-
vival, rather than worsening, during RRT with
respect to an unselected CKD population.
ed to a keto/amino acid-supplemented VLPD, stan-
n (CKD) in comparison with a reference group with
and transplantation register, RIDT).
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Ketoanalog-Supplemented Very Low Protein Diet in Predialysis
Chronic Kidney Disease - Does It Really Work? - The Romanian
Experience
Liliana Garneata, Bucharest, Romania
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Figure 5. Decrease in estimated glomerular filtra-
tion rate (eGFR) (mean, 95% CI, mL/minute/year)
in patients who followed a conventional
low protein diet (LPD) or a keto/amino acid-
supplemented very low protein diet (sVLPD).
A comprehensive treatment strategy for chronic
kidney disease (CKD) patients, including dietary
protein restriction supplemented with keto/
amino acids can yield several benefits on nitrogen
compound retention, metabolic acidosis,
calcium–phosphorus metabolism abnormalities,
peripheral insulin resistance, and even on postpon-
ing renal replacement therapy (RRT).21,36,37

However, there is still a constant debate on the ef-
ficacy, safety, and practicability of this nutritional
intervention concept worldwide.

The medical team at the ‘‘Dr Carol Davila’’
Teaching Hospital of Nephrology, Bucharest,
Romania, is performing a prospective,
open-label, parallel, randomized, controlled trial
to assess the effects of keto/amino acid-
supplemented very low protein diet (sVLPD) as
compared with a conventional low protein diet
(LPD) for 48 weeks. The primary end point is
the progression of CKD, expressed as end-stage
renal disease or 50% reduction in estimated glo-
merular filtration rate; secondary end points are
certain manifestations of advanced CKD (nitro-
gen waste product retention, calcium–phosphorus
disturbances, acid–base disorders) and nutritional
status. Based on the primary end point, a patient
number of 192 (probability of 90%, power 80%)
has been calculated, from which 187 nondiabetic
CKD patients with proteinuria ,1 g/g urinary
creatinine (stages 4 or 5) have been enrolled so
far. According to the study design, the patients
are assigned to receive either a keto/amino acid-
supplemented VLPD (0.3 g/kg body weight/
day, only vegetable proteins plus 1 tablet of
Ketosteril�/5 kg body weight/day) or a conven-
tional LPD (0.6 g/kg body weight/day).38 During
the follow-up, a significantly lower number of pa-
tients in the keto/amino acid-supplemented
VLPD group required RRT initiation (7%) com-
pared with the conventional LPD group (26%).
The occurrence of the composite end point
(end-stage renal disease or 50% reduction in esti-
mated glomerular filtration rate [eGFR]) was
lower in patients receiving a keto/amino acid-
supplemented VLPD (9%) in comparison with
those on a conventional mixed LPD (32%) after
48 weeks of treatment. The calculated annual de-
cline in eGFR showed that patients on a keto/
amino acid-supplemented VLPD experienced
a 49% slower rate of eGFR decline compared
with the patients on a conventional mixed LPD
(Fig. 5). In these patients with baseline proteinuria
,1 g/g urinary creatinine as per inclusion crite-
rion, the amount of proteinuria was not affected
by the degree of dietary protein restriction. There
were no significant differences, neither in the
blood pressure control nor in the number of anti-
hypertensive drugs (ACEi or ARB) per treated
patient. The keto/amino acid-supplemented
VLPD was effective in ameliorating waste product
retention and improving acid–base and calcium–
phosphorus metabolism as compared with a con-
ventional mixed LPD.
The nutritional safety of protein-restricted di-

ets has been frequently questioned, specifically
because a poor predialysis nutritional status can
increase morbidity and mortality of CKD pa-
tients and, consequently can negatively influence
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the outcome after RRT initiation. However, the
results of the ongoing study support the idea that
a keto/amino acid-supplemented VLPD is safe
with respect to the nutritional status, reflected
by stable anthropometric and biochemical
markers as well as by the Subjective Global
Assessment.

Compliance to marked protein-restricted diets
as a cornerstone for the safety could be considered
as generally poor, as reported in large studies,
where the achieved protein intake largely sur-
passed the recommendations. However, in the
running randomized controlled study, compliance
to the sVLPD is remarkably good in carefully
selected patients.
In conclusion, a severe protein-restricted diet

supplemented with ketoanalogs of essential amino
acids is effective and safe in ameliorating nitrogen
waste product retention and acid–base and cal-
cium–phosphorus metabolism disturbances, as
well as in delaying the RRT initiation, with no
deleterious effect on the nutritional status in se-
lected patients with CKD. For the motivated pa-
tients who could benefit from such a diet, close
nutritional monitoring and dietary counseling
are highly necessary.
Nutritional Effects of Keto/Amino Acids in Malnourished Dialysis
and Predialysis Patients
G�abor Zakar, Sz�ekesfeh�erv�ar, Hungary
Advanced chronic kidney disease (CKD) is
strongly associated with protein-energy wasting
leading to malnutrition and directly correlates
with morbidity and mortality in CKD. Serum al-
bumin is one of the strongest markers of protein-
energy wasting frequently monitored in CKD
care. Treatment strategies to influence serum albu-
min levels include simple feeding and use of oral
supplements and oral amino acid–containing solu-
tions in peritoneal dialysis (PD) patients, or intra-
dialytic parenteral nutrition in hemodialysis
patients. All these strategies have raised concerns
about their adequacy in CKD patients: simple
feeding and oral supplements provide more pro-
tein and phosphate than needed and in turn aggra-
vate uremia. Amino acid–containing solutions in
PD patients—even when effective in improving
serum albumin and bodymass index—have shown
adverse effects like nausea and, in rare instances,
metabolic acidosis. Composition of available in-
tradialylitc parenteral nutrition products might
be unsuitable for hemodialysis patients,39 may de-
crease Kt/V,40 and might influence the long-term
outcome on RRT because of the harmful effect of
amino acids on mesangial cells. With respect to
this topic, Tuttle et al.41 studied cellular mecha-
nisms of glomerular injury induced by amino
acids, with or without high glucose concentra-
tions. Mesangial cells exposed to a mixture of
amino acids, designed to resemble protein feeding,
produced a profibrotic response as a consequence
of advanced glycation end products and reactive
oxygen species formation, presumably induced
by an increased availability of amino groups for
glycation reactions.
It is well known that keto/amino acids, as part of

the therapeutic concept of lowprotein diets during
the predialysis phase or normal protein intake dur-
ing the dialysis phase in CKD patients, are able to
maintain or even improve serum albumin levels.
There is a large body of evidence that keto acids/
branched-chain amino acids (BCAAs) have posi-
tive effects on the protein metabolism—indepen-
dent of the dietary protein intake. Of the BCAAs
and keto acids, leucine, as well as ketoleucine, has
been shown to play a central role in promoting
muscle protein synthesis. Additionally, an influ-
ence of keto acids/BCAA on appetite regulation
has been proven. Hiroshige et al.42 performed
a 12-month, placebo-controlled, double-blind
study on 28 malnourished (suffering from an-
orexia) elderly patients (age .70 years). Fourteen
patients received daily oral BCAA supplementa-
tion (12 g/day) or a placebo in random order in
a crossover trial for 6 months. In the BCAA-
treated group of malnourished patients, anorexia
and poor oral protein, as well as caloric intakes,
improved within a month concomitant with an
improvement in plasma BCAA levels. After 6
months of BCAA supplementation, anthropomet-
ric indices showed a statistically significant in-
crease, and mean plasma albumin concentration
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increased from 33.1 g/L to 39.33 g/L. After ex-
changing BCAA for a placebo, spontaneous oral
food intake decreased; however, the favorable nu-
tritional status persisted for the next 6 months. In
summary, normalization of low plasma BCAA
levels induced by their oral supplementation could
reduce anorexia and significantly improve overall
nutritional status. The documented correlation
between appetite/appetite regulation and survival
of hemodialysis patients43,44 suggests that amodifi-
cation of this causative factor is of particular im-
portance for the outcome of CKD patients.

An observational report from our nephrology
center in Sz�ekesfeh�erv�ar, Hungary, confirmed
the efficacy of a keto/amino acid supplementation
in malnourished CKD patients with respect to the
improvement of the overall nutritional status and
appetite. Twenty malnourished CKD patients
(7 predialysis and 13 dialysis patients) were treated
with a keto/amino acid supplement (1 tablet
Ketosteril�/7 kg body weight/day) in addition
to the existing nutritional education for 4 to 24
months. This intervention led to an increased in-
take of dietary protein and energy when compared
with a prestudy period of 3 to 6 months. In pre-
dialysis patients, the protein intake increased from
0.55 6 0.12 to 0.68 6 0.08 g/kg body weight/
day and the energy from 26.3 6 2.1 to 28.6 6
1.6 kcal/kg body weight/day. A similar increase
could be observed in the group of dialysis patients.
In all subgroups of CKD patients, the keto/amino
supplementation resulted in increased body
weight, body mass index, and serum albumin
levels. Furthermore, improved Subjective Global
Assessment (SGA) scores and appetite scores
were reported.
Based on the given data, it can be suggested that

the effects of keto/amino acids are not only of
a quantitative nature but also based on modulative
effects.Modulative effects of keto/amino acids, es-
pecially of BCAA, on appetite regulation, as well
as regulation of protein synthesis and degradation,
and on biomarkers of acute-phase inflammation
(tumor necrosis factor-a, C-reactive protein) and
oxidative stress are well-known explanations for
the observed findings.
Effect of Very Low Protein Diet and Keto/Amino Acids on
Cardiovascular Disease-Related Parameters
Tevfik Ecder, Istanbul, Turkey
The incidence of chronic kidney disease (CKD) is
increasing worldwide. The number of patients re-
quiring renal replacement therapy (RRT) has
doubled during the past decade. It is well known
that end-stage renal disease substantially increases
the risks of death and cardiovascular diseases
(CVDs). Additionally, an independent graded
association was observed between a reduced esti-
mated glomerular filtration rate,45 just as the de-
gree of proteinuria,46,47 and the risk of death and
cardiovascular events.

Rather than simply a marker of renal injury,
proteinuria predicts progression and renal out-
comes, as well as the risk of CVDs, in the general
population48 and in diabetic and nondiabetic
CKD patients.49,50 The Reduction of Endpoints
in NIDDM (non-insulin dependent diabetes mel-
litus) with the Angiotensin II Antagonist Losartan
(RENAAL) Study indicated that every 50% re-
duction in albuminuria reduces the risk for CV
endpoint by 18% and for heart failure endpoint
by 27%.50 Finally, proteinuria has been identified
as a risk factor for progression of CKD because
of the intrinsic renal toxicity of proteins filtered
through the glomerular capillary. In fact, protein
that is excessively filtered by the basal glomerular
membrane disturbs not only the glomerular integ-
rity but also contributes to interstitial injury by
causing inflammatory reactions once reabsorbed
in the proximal tubule. These inflammatory reac-
tions precede renal scarring and correlate with de-
clining renal function.
Strategies that reduce proteinuria, including the

implementation of protein-restricted diets, are in
the spotlight to reduce the rate of progression of
renal failure.51 Several investigations have shown
an improvement of proteinuria and an associated
increase in serum albumin levels in diabetic and
nondiabetic CKD patients who adhered to
protein-restricted diets. These studies assigned
CKD patients to protein-restricted diets supple-
mented with keto/amino acids or to protein
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restriction alone for 3 months to 3 years. All stud-
ies consistently reported a decrease in protein-
uria.32,52-54 Furthermore, an efficacy in reducing
the progression of CKD and the occurrence of re-
nal death was suggested by several clinical studies as
well as by different meta-analyses.2,55

Several studies support the hypothesis that die-
tary patterns influence endothelial and inflamma-
tory parameters in patients with chronic illnesses.
Esposito et al.56 assessed the effect of a Mediterra-
nean-style diet on endothelial function and vascu-
lar inflammatory markers in 180 patients with the
metabolic syndrome. Patients were randomized
into 2 groups. The intervention group (n 5 90)
was instructed to follow a Mediterranean-style
diet and received detailed dietary advice, whereas
the control group (n 5 90) followed a normal
diet recommended by the World Health Organi-
zation (carbohydrates: 50% to 60%; proteins:
15% to 20%; total fat: ,30%). After 2 years, pa-
tients who had followed a Mediterranean-style
diet consumed significantly higher amounts of
whole grains, fruits, vegetables, nuts, and olive
oil. These changes in dietary patterns resulted in
a higher intake of foods rich in monounsaturated
fat, polyunsaturated fat, and fiber and a lower ratio
of omega-6 to omega-3 fatty acids. Compared
with patients consuming the control diet, patients
consuming the intervention diet had significantly
reduced serum concentrations of C-reactive pro-
tein (CRP), interleukin (IL)-6, IL-7, and IL-18,
as well as decreased insulin resistance. The endo-
thelial function score improved in the intervention
group but remained stable in the control group. At
2 years of follow-up, 40 patients in the interven-
tion group still had features of the metabolic syn-
drome compared with 78 patients in the control
group.

Another cross-sectional study of 732 women
(aged 43 to 69 years; free of CKD, cancer, and di-
abetes at the start of the study) based on the
Nurses’ Health Study I cohort evaluated the hy-
pothesis that dietary patterns (food questionnaire)
are directly associated with markers of inflamma-
tion (e.g., CRP, IL-6) and endothelial dysfunc-
tion. Two major dietary patterns were identified
by factor analyses: the prudent pattern, character-
ized by higher intakes of vegetables, fruit, legumes,
whole grains, fish, and poultry, as well as theWest-
ern pattern, characterized by higher intakes of red
meat, processed meat, refined grains, sweets, des-
serts, French fries, and high-fat dairy products.
The Western pattern showed a positive relation
with CRP, E-selectin, soluble intercellular adhe-
sion molecule 1 (sICAM-1), and soluble vascular
cell adhesion molecule 1 (sVCAM-1) after adjust-
ment for all confounders. Based on the analysis,
the authors concluded that dietary patterns, by
influencing markers of inflammation and endo-
thelial dysfunction, have a role in the pathogenesis
of CVD.57

The effects of vegetarian diets on endothelial
dysfunctions have been confirmed in 20 renal
transplant patients (aged 55 6 11 years, serum
creatinine 1.7 6 0.6 mg/dL) by dietary substitu-
tion of 25 g of animal proteins with soy protein.
Changes in brachial artery flow-mediated dilation
(FMD) and endothelium-independent vasodila-
tion (sublingual nitroglycerin, 25 mg), plasma
lipids, markers of oxidative stress (lipid peroxides,
LOOH), and inflammation (e.g., CRP) were
measured at baseline, after 5 weeks of a soy diet,
and again after 5 weeks of soy washout. After 5
weeks of consumption of a soy diet, the protein
intake did not change, whereas cholesterol and
lipid peroxides were significantly reduced. The
soy diet was associated with a significant improve-
ment in FMD, whereas response to nitroglycerin
was unchanged. After 5 weeks of soy diet discon-
tinuation, FMD returned to baseline values.
Therefore, the effects seem to be strictly depen-
dent on soy intake.58

Nutritional treatment strategies to slow the pro-
gression of renal disease and to decrease the cardio-
vascular morbidity and mortality in CKD patients
are the focus of research in Turkey. TheDivision of
Nephrology, University of Istanbul, will conduct
a study that investigates the amelioration of endo-
thelial dysfunction and coronary flow velocity
reserve due to the administration of protein-
restricted diets in patients with CKD. After a feasi-
bility phase of the planned study, it was decided to
adapt the original study plan. A total of 120
patients with diabetic and nondiabetic CKD will
be randomized into 2 groups: (1) low protein
diet (0.6 g protein/kg body weight/day, 35 kcal/
kg body weight/day, sodium ,100 mmol/day)
plus 1 tablet Ketosteril�/5 kg body weight/day,
and (2) free diet (35 kcal/kg body weight/day, so-
dium intake ,100 mmol/day). The patients will
be followed up for 1 year. The primary outcome
parameters will be echocardiographic examina-
tions, brachial artery measurements, and coronary
flow velocity reserve. Coronary flow velocity
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reserve is a noninvasive test showing endothelial
function of epicardial coronary arteries and coro-
nary microcirculatory function. Several studies
have shown that a reduced coronary flow velocity
reserve can be classified as an independent prog-
nostic marker of bad prognosis in patients with
cardiomyopathy59,60 as well as in patients with
diabetes.61
In summary, even if there is evidence for the ef-
ficacyof low protein diets supplementedwith keto/
amino acids in clinical and experimental studies, it
is of utmost interest to prove their effects on the en-
dothelial dysfunction inCKDpatients. Effective in-
terventions are needed to reduce the obvious
disproportionate cardiovascular risk in CKD
patients.
Phosphorus-Containing Additives in Food and Beverages: An
Increasing and Real Concern for Chronic Kidney Disease Patients
Adamasco Cupisti, Pisa, Italy
Hyperphosphatemia, hyperparathyroidism, and
an increased Ca 3 P product are important
uremia-related risk factors for vascular calcifica-
tion, cardiac damage, andmortality.62 A retrospec-
tive study on 3,490 chronic kidney disease (CKD)
patients demonstrated that serum phosphate levels
higher than 3.5 mg/dL were associated with
a higher mortality risk after adjustment for age,
sex, race, residual renal function, hemoglobin, cal-
cium intake, and the presence of comorbidities.
Hereby, the increase in mortality risk linearly en-
hanced with the increase of each 0.5 mg/dL in se-
rum phosphate. Themortality risk was 25% higher
for each 1-mg/dL increase in serum phosphate
levels.63 Similar relationships have been demon-
strated among patients with normal renal function
but a history of cardiovascular events. Beginning
with serum phosphate levels .3.5 mg/dL, the
mortality risk was 22% higher for each 1-mg/dL
increase in serum phosphate levels.64 A similar re-
lationship has been confirmed in the general
population.65

Thegivendata support thehypothesis that tighter
serum phosphate control (possibly ,3.5 mg/dL)
should be a treatment strategy in the early course
of CKD. A positive phosphate balance is the basis
for hyperphosphatemia and calcium phosphate tis-
sue precipitation. Consequently, implementation
of a diet that is reduced in phosphorus (in particular,
a very low protein diet supplemented with keto/
amino acids) serves as an important basis for
preventing and treating secondary hyperparathy-
roidism and hyperphosphatemia. Moreover, the
presence of calcium in Ketosteril�/Alfa Kappa�

tablets (ketoanalogs given as calcium salts) has addi-
tional beneficial effects on calcium-phosphate
metabolism and secondary hyperparathyroidism.
Calcium salt-containing ketoacids have an undeni-
able lowering effect on phosphate serum levels
because of the antiabsorbent action on the phos-
phates as a result of the formation of insoluble
calcium-phosphate in the intestine. This type of
diet promotes improved results with phosphate
binder therapy as well as a safer use of vitamin D
derivates.
A critical aspect within the dietary planning is

the exact food choice that is low in phosphate
and protein. Unfortunately, processed foods en-
hanced with phosphate additives have become
a mainstay in the food supply during the past 20
years. Today, the ingestion of processed food en-
hanced with phosphate additives could contribute
up to 1,000 mg phosphorus/day.66 Products com-
monly enhanced with phosphorus-containing
additives include restructuredmeats (chicken nug-
gets and hot dogs), processed and spreadable
cheeses, ‘‘instant’’ products (puddings and sauces),
and beverages (e.g., Coca-Cola, Pepsi). Inorganic
phosphorus from additives is highly absorbable.
In a typical mixed diet, only 60% of the dietary
phosphorus is absorbed, whereas almost 100%
of phosphoric acid and various polyphosphates
are absorbed. Information about the phosphorus
content of processed food is generally unavail-
able—only ‘‘E’’ initials are mentioned (e.g., ortho-
phosphoric acid: E338, polyphosphates: E450
to E452, phosphoric acid: E513) without any
quantifiable amount indicated. Increased transpar-
ency within common food labeling is necessary to
facilitate appropriate food choices for CKD
patients.
In a recent investigation,67 we analyzed dry

matter, total nitrogen content, and total phospho-
rus content in different foods (e.g., cooked ham,
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roasted turkey breast, roast chicken breast) either
labeled as additive-free or with the wording ‘‘con-
taining polyphosphates’’ or by the initials E338 to
E341 or E450 to E452. Dry matter and total nitro-
gen content in both the food classes were similar;
however, total phosphorus, free phosphorus, and
phosphorus-protein ratio increased because of
the ingestion of food with phosphorus-
containing additives (Fig. 6). The results of this
study clearly demonstrated that phosphorus-
containing food additives significantly increase
phosphorus load from protein sources,67 and
worsen phosphate balance and hyperphosphate-
mia especially in dialysis patients.

Several beneficial effects of protein-restricted
diets are directly related to an effective dietary
phosphate restriction. The ingestion of food en-
hanced with phosphate additives will diminish
the protective effects of nutritional interventions,
enhance the usage of phosphate binders, and in-
crease related costs. For example, 100 g of food en-
hanced with phosphate additives supplies an
average of .100 mg of extra phosphorus, leading
to an increase in the phosphorus to protein ratio
(average 15.3 mg P/g protein with respect to
9.2 mg P/g protein).67 These results are in line
with the analyses published by Sherman and
Mehta.68 The mean ratio in the food products
enhanced with phosphorus additives was
14.6 mg P/g protein compared with 9.0 mg P/g
protein in those items without listed phosphorus
additives. Therefore, information and education
programs are mandatory to make patients aware
of the existence of foods enhanced with phosphate
additives,69 and to lobby national and international
authorities. Authorities should impose clear re-
porting of the amount of phosphorus and espe-
cially of phosphorus-containing additives in food
labels. These actions are essential for renal patients
(but also relevant for cardiovascular patients and
possibly for the general population) where a rela-
tionship between serum phosphate levels and
cardiovascular diseases or mortality has been
reported.

A reduction in phosphorus intake cannot only
be influenced by the selection of food, but also
by industrial processing or cooking. The com-
mon boiling procedure can eliminate phosphorus
in vegetable foods by 21% to 27%. To assess the
effect of boiling on phosphorus and protein ni-
trogen, changes in food with a high biological
value (beef, chicken breast), the true retention
values of dry matter, crude protein, and total
phosphorus in fresh beef and chicken breast be-
fore and after 10, 20, and 30 minutes of boiling
have been analyzed.70 Compared with raw
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samples, dry matter retention in cooked beef/
chicken breast was reduced up to 92% 6 6%/
93% 6 3%, crude protein retention was reduced
up to 87% 6 10%/81% 6 4%, and phosphorous
retention was reduced up to 42% 6 13%/63% 6
6%. These data demonstrated that the consump-
tion of boiled protein sources (beef, chicken
breast) can significantly reduce dietary phosphate
while preserving protein intake, namely, reduc-
ing the effective phosphate intake per gram of di-
etary protein. Patients should be advised of this
finding, to limit their dietary phosphorus load
at the same protein intake, leading to better con-
trol of phosphate balance together with a lower
risk of protein malnutrition.
In summary, a well-implemented nutritional
treatment guided by nephrologists and dietitians
exerts various beneficial effects on the outcome
of CKD patients, in both predialysis and dialysis
treatment. The following practical aspects should
be considered to achieve a controlled dietary phos-
phorus intake: (1) control of dietary protein in-
take, (2) good compliance to dietary
prescriptions, (3) exclusion of phosphorus-rich
foods, (4) exclusion of foods and drinks with
phosphorus-containing additives, (5) suggestion
of boiling as cooking procedure to eliminate phos-
phorus from vegetables and protein sources, and
(6) motivation and education of patients and the
CKD care team.
Keto/Amino Acids Use After Renal Transplantation
Vladim�ır Teplan, Prague, Czech Republic
Renal transplantation is the most common solid
organ transplant procedure with convincing
therapeutic success. Successful kidney transplanta-
tion leads to the restoration of renal function;
however, some metabolic disorders may persist,
and several new metabolic abnormalities may
arise (e.g., obesity, diabetes, hypertension, dys-
lipidemia, malnutrition, renal bone disease).
Additionally, immunosuppressive drugs (e.g., cor-
ticosteroids, cyclosporine A, tacrolimus, rapamy-
cin) may aggravate the course of these metabolic
abnormalities.

Adequate nutritional management before
and after renal transplantation is divided into
the pretransplant period, transplant surgery,
and early and late posttransplant period. Pre-
transplant nutritional intervention should pro-
mote adequate protein and energy intake to
decrease the risk of infection, enhance wound
healing, and maintain muscle mass. It should
also promote calcium and phosphorus control
to maintain bone structure. Nutritional man-
agement in the early posttransplant period
with a functioning kidney graft necessitates
fluid and electrolyte balance control with pro-
tein intake of 1.2 g/kg body weight/day and
30 to 35 kcal/kg body weight/day. The prin-
cipal objective in the late posttransplant period
is the maintenance of an optimal nutritional
status. Nutrition is important in managing
obesity, insulin resistance, diabetes, hyperlipid-
emia, and hypertension.
There are very few experimental and clinical

studies addressing the role of protein-restricted
diets in the progression of renal graft dysfunc-
tion71 and proteinuria.72 Available information
suggests that a dietary restriction of 0.6 to
0.8 g/kg body weight/day preferably supple-
mented with keto/amino acids should be consid-
ered for patients with an adequate caloric intake,
if the prednisone dosage does not exceed
0.2 mg/kg body weight/day.73 In general, this
nutritional intervention is considered safe, indi-
cated by stable serum albumin levels and neutral
nitrogen balances. Nevertheless, the nutritional
status and body muscle mass should be carefully
and regularly monitored.
The influence of a modified low protein diet on

muscle and fat mass metabolism in obese kidney
transplant patients was investigated at the Institute
for Clinical and Experimental Medicine, Depart-
ment of Nephrology, Prague. A prospective ran-
domized study assessed the relationship between
plasma asymmetric dimethylarginine (ADMA)
concentration, fat tissue, muscle and plasma con-
centration of adiponectin, obesity, and kidney graft
function in transplanted patients on a modified low
protein diet (0.8 to 1.0 g protein/kg ideal body
weight/day, 0.1 g Ketosteril�/kg ideal body
weight/day and 120 to 125 kJ/kg ideal body
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weight/day). For 24 months, 68 obese patients
(aged 22 to 70 years; body mass index: $30 kg/
m2) after their first cadaveric kidney transplantation
(group I) followed the modified low protein diet in
comparison with a control group (group II) con-
sisting of 70 nonobese renal transplanted patients.
All patients were treated with standard immuno-
suppression (CyA, FK 506, MMF, prednisone).
Plasma levels of ADMA and adiponectin were esti-
mated by the enzyme-linked immunosorbent assay
(ELISA) method, and fat and muscle tissues were
obtained during surgery by mRNA-polymerase
chain reaction. Renal function was determined
by inulin clearance (Cin). The results clearly dem-
onstrated that diverse laboratory plasma parameters
were significantly affected by obesity. Twenty-four
months after treatment, obese patients (group I)
had higher levels of ADMA (3.65 6 0.47 vs.
2.01 6 0.36 mmol/L), leptin (56.6 6 10.3 vs.
24.66 8.3 ng/L), resistin (20.86 10.1 vs. 14.66
6.4 mg/mL), homocystein (37.26 12.4 vs. 22.86
4.9 mmol/L), triglycerides (3.9 6 1.6 vs. 2.8 6
1.6 mmol/L), and proteinuria (2.1 6 0.8 vs.
0.9 6 0.7 g/24 hours). At the same time, Cin of
obese patients was comparable with that of the
nonobese transplanted patients (48 6 8 vs. 60 6
12 mL/minute/1.73 m2). The adipose tissue
analysis delivered insights into the metabolic
activities of visceral and subcutaneous fat of obese
compared with nonobese transplanted patients.
Visceral fat per se showed slightly lower levels of
ADMA, leptin, and resistin compared with
subcutaneous fat. Furthermore, obese patients
had higher levels of ADMA, leptin, and resistin.
Correlation analysis showed a significant positive
correlation between ADMA and adiponectin but
a negative correlation with visceral fat and
adiponectin.

In general, therapeutic options for treating
uremic myopathy, defined by functional and/or
minor muscular structural abnormalities, after
renal transplantation are still limited. Preference
is given to aerobic muscle activity, dietary
measures with branched-chain amino acid
supplementation,74 and visceral fat reduction,
as well as modification of immunosuppressive
therapy—primarily reduction or withdrawal of
corticosteroids. Supported by a grant from the
Czech Ministry of Health (2009 to 2011),75

the muscle metabolism of PD and hemodialysis
patients after successful renal transplantation has
been investigated at the Institute for Clinical
and Experimental Medicine, Department of
Nephrology, Prague, Czech Republic.73 A pro-
spective randomized study assessed the effect of
a keto/amino acid supplementation and exercise
intervention on adiponectin (ADPN), ADMA,
and metabolic parameters in plasma and mus-
cle/fat tissue after renal transplantation. Thirty
transplanted patients, previously treated with
PD (group I), and 40 transplanted patients, pre-
viously on hemodialysis (group II), were moni-
tored for 12 months. All patients had a standard
immunosuppression regimen and were on
a moderately protein-reduced diet (0.8 g/kg
body weight/day, 125 kJ/kg ideal body
weight/day) supplemented with keto/amino
acids (0.1 g KA/AA/kg body weight/day).
Controlled exercise training was an accompany-
ing intervention (Rikli Jones, SF-36). Muscle
and fat tissue specimens were obtained during
surgery. Magnetic resonance imaging (MRI)
and magnetic resonance spectroscopy (MRS)
were performed at months 1 and 12. The areas
of imaging were abdominal muscles and calf
muscles (MRI-TA) followed by 1H MRS anal-
ysis of intra-/extracellular fat in musculus tibialis
(CH3/CH2). After a study period of 12 months,
significant differences were found (group I vs.
group II, t test, analysis of variance) in the ana-
lyzed plasma parameters (ADPN: 22.3 6
10.2 vs. 14.3 6 7.2 mg/mL, ADMA: 3.65 6
0.47 vs. 2.01 6 0.36 mmol/L [P , .01], leptin:
56.6 6 10.3 vs. 24.6 6 8.3 ng/L [P , .01],
total homocystein: 37.2 6 12.4 vs. 22.8 6
4.9 mmol/L [P , .025]) and in muscle/fat
(visceral/subcutaneous, mRNA expression) pa-
rameters (ADPN [P , .025], leptin [P , .01],
resistin [P , .02], in proteinuria [2.1 6
0.8 vs. 0.9 6 0.7 g/24 hours {P , .01}] and in-
ulin clearance [Cin] [48 6 8 vs. 60 6 12 mL/
minute {P , .025}]). Additionally, there were
significant differences in MRI and MRS
imaging examinations (group II vs. group I,
P , .02/P , .01).76

In conclusion, the long-term nutritional inter-
vention (moderately protein-restricted diets plus
keto/amino acid supplementation) together with
an exercise intervention can more significantly in-
fluence muscle/fat metabolism in peritoneal dial-
ysis compared with hemodialysis patients after
kidney transplantation.
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Role of Protein-Restricted Diet Supplemented With Keto/Amino
Acids on the Clinical Outcome of Dialysis Patients
Xueqing Yu, Guangzhou, People’s Republic of China
Currently, more than 1 million end-stage renal
disease patients undergo maintenance dialysis
therapy worldwide. In P.R. China, more than
150,000 dialysis patients currently receive dialysis
(predominantly hemodialysis), and the number
of continuous ambulatory peritoneal dialysis
(CAPD) patients is increasing rapidly. Maintaining
patients on dialysis with a high quality of life, long-
term survival, and an active social life and work
ability is a challenge for nephrologists worldwide.
One of the major challenges facing maintenance
dialysis patients is the high mortality rate, with
current 5-year survival rates of,35%. Cardiovas-
cular disease (CVD) is recognized as the leading
cause of mortality in maintenance dialysis patients.
According to the available literature, MIA syn-
drome (malnutrition, inflammation, and arterio-
sclerosis) is an important risk factor for CVD
events. Ways to approach an improved outcome
of dialysis patients include preservation of residual
renal function (RRF), improvement of nutritional
status, gaining dialysis adequacy, and an appropri-
ate anti-inflammatory treatment.77,78

The prevalence of malnutrition in the course of
chronic kidney disease (CKD) has not changed
within recent years and is still between 30% and
50%. About 10% of patients on maintenance dial-
ysis show signs of severe malnutrition. Nutritional
markers such as serum albumin are highly predic-
tive for morbidity and mortality: a decrease from
4.0 to 3.5 g/dL or from 4.0 to 3.0 g/dL results
in a 2 or 5 times higher mortality rate.79 This ob-
servation emphasizes the importance of nutri-
tional concerns in the management of CKD.
The National Kidney Foundation - Kidney
Disease Outcomes Quality Initiative (NKF-K/
DOQI) guideline recommends a dietary protein
intake of 1.2 g/kg body weight/day and 35 kcal/
kg body weight/day for patients aged ,60 years
and 30 to 35 kcal/kg body weight/day for those
patients aged .60 years.

The recommended high protein intake is twice
as high as for patients during the late predialysis
stage, is difficult to achieve, and may additionally
promote the deterioration of metabolic abnormal-
ities (e.g., hyperphosphatemia, dyslipidemia, met-
abolic acidosis) and the decline in RRF.80 Current
studies during the predialysis phase of CKD have
disclosed that a protein-restricted diet supple-
mented with keto/amino acid can improve several
metabolic dysfunctions, lower urea levels, and
maintain a sound nutritional condition for these
patients. However, until now there have been
only a few studies with a limited sample size avail-
able that have evaluated the safety and efficacy of
protein-restricted diets plus keto/amino acid sup-
plementation on the clinical outcome of dialysis
(hemodialysis and peritoneal disease [PD])
patients.81-84

A 4-month randomized, controlled, crossover
clinical trial was performed at the Dialysis Centre
of Huashan Hospital, Fudan University, Shanghai,
P.R. China, to evaluate the safety and efficacy
of a moderately protein-restricted diet in hemodial-
ysis patients. Forty patients with hyperphosphatemia
(.5.5 mg P/dL) were randomized to a protein-
restricted diet (0.8 g/kg body weight/day) supple-
mented with keto/amino acids (12 tablets
Ketosteril�/day) or a normal protein diet (1.0 to
1.2 g protein/kg bodyweight/day) for 8 weeks. Af-
ter 8 weeks, the 2 nutritional interventions were
switched between the groups. Serum phosphorus
levels and calcium phosphate product were signifi-
cantly decreased at the end of the first 8 weeks in
patients who followed a protein-restricted diet sup-
plemented with keto/amino acids compared with
those on a protein-unrestricted diet. Nutritional
indices, Kt/V, and C-reactive protein were not dif-
ferent between the groups and remained stable dur-
ing the study period.85

The first prospective, randomized, single-
center trial on the efficacy of different kinds of
protein-restricted diets in PD patients has been
performed by Jiang et al.11 In 60 patients, ran-
domized into 3 groups, the nutritional status
and RRF in PD patients have been evaluated.
Group I was advised to follow a low protein diet
(LPD) (0.6 to 0.8 g protein/kg body weight/
day) supplemented with keto/amino acids (0.12
g/kg body weight/day); group II was advised to
follow a LPD (0.6 to 0.8 g protein/kg body
weight/day); and group III was advised to follow



Table 1. Nutritional Indices, Biochemical and Renal Parameters in 38 CAPD Patients Who Followed
a Protein-Restricted Diet Supplemented With Keto/Amino Acids for 6 Months

Index LPD 1 KA/AA Control Group P Value

BMI (kg/m2) 23.8 6 4.37 22.1 6 3.20 NS

Albumin (g/L) 41 6 3.1 37 6 5.0 NS

BUN (mg/dL) 19 6 4.1 20 6 4.1 NS
P (mmol/L) 1.4 6 0.32 1.8 6 0.32 .02

iPTH (pg/mL) 240 6 264.2 204 6 174.5 NS

RRF (mL/minute) 2.86 6 1.50 2.37 6 1.25 NS

Urine volume (mL) 593 6 398 520 6 200 NS
Kt/V 1.8 6 0.38 2.3 6 1.13 NS

CCl (L/week/1.73 m2) 70 6 10.9 64 6 18.4 NS

LPD, low protein diet; KA/AA, keto/amino acid; BMI, body mass index; BUN, blood urea nitrogen; iPTH, intact parathyroid

hormone; RRF, residual renal function; CCl, creatinine clearance; NS, no significance.

S18
an unrestricted protein intake (1.0 to 1.2 g pro-
tein/kg body weight/day) for 12 months. Main
outcomes were renal (e.g., RRF, glomerular fil-
tration rate) as well as nutritional and biochemical
parameters (e.g., serum albumin, SGA, normal-
ized protein catabolic rate parathyroid hormone
[nPCR], serum phosphate, serum calcium, serum
iPTH, serum C-reactive protein). At the end of
the study, the nutritional parameters albumin
and prealbumin showed stable or slightly im-
proved values with no significant differences be-
tween the groups. A decrease in RRF, estimated
glomerular filtration rate, and Kt/V within the
study period could be seen in every treatment
group; however, after 12 months, the degree of
decreases was significantly less in group I (LPD
supplemented with keto/amino acids) as com-
pared with the 2 other groups. In conclusion,
a diet containing 0.6 g of protein/kg ideal body
weight/day is safe. A combination with keto/
amino acid supplementation is associated with
an improved preservation of RRF in mainte-
nance PD.

Hence, the Nephrology Department at Sun
Yat-sen University, Guangzhou, P.R. China, con-
ducted a pilot study of a randomized, double-
blind, multicenter clinical trial to evaluate the
safety and efficacy of a restricted protein diet sup-
plemented with Ketosteril� on the preservation of
RRF and nutritional status in CAPD patients.
Forty CAPD patients were randomized into
2 groups—38 patients completed a 6-month
follow-up: 20 patients in group I received a pro-
tein-restricted diet (0.6 to 0.8 g/kg body
weight/day) supplemented with Ketosteril�, and
18 patients were in a routine protein diet group
(1.0 to 1.2 g/kg body weight/day) (group II).
Compared with group II, group I experienced
a significant improvement in hyperphosphatemia
(P , .05) and also improved by trend in body
mass index, serum albumin, blood urea nitrogen
(BUN), serum creatinine, RRF, and urine volume
(Table 1). These results are in line with reported
results of other investigators.
In summary, the dietary protein intake in both

HD and PD patients recommended by NKF-K/
DOQI guidelines (1.2 to 1.3 g/kg body weight/
day)86 seems too high. Current available results
propose 0.8 g protein/kg body weight/day as
a safe level of intake. Keto/amino acid supple-
ments in combination with a protein-restricted
diet are recommended for RRF protection and
malnutrition improvement. However, in the fu-
ture, more randomized controlled trials are needed
to explore the efficacy and safety of this nutritional
treatment concept.
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