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*Service de Ne´phrologie, Hôpital Pellegrin, †Centre de Traitement des Maladies Re´nales Saint-Augustin,
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Abstract.Protein-restricted diets are prescribed in patients with
chronic renal failure (CRF) to alleviate uremic symptoms and
to slow the progression of CRF. The potential deleterious
effects of protein restriction on nutritional status and clinical
outcome of patients with CRF have raised concern. In this
study, data were collected from 1985 to 1998 on 239 consec-
utive patients (age 50.26 15.6 yr) with advanced CRF (GFR
13.16 4.8 ml/min) to whom a supplemented very low protein
diet (SVLPD) providing 0.3 g protein, 35 kcal, and 5 to 7 mg
of inorganic phosphorus per kg per day was administered for a
mean duration of 29.66 25.1 mo. The diet was supplemented
with essential amino acids and ketoanalogs, calcium carbonate,
iron, and multivitamins. During SVLPD, protein intake de-
creased from 0.856 0.23 to 0.436 0.11 g/kg per d, and body
mass index and serum albumin concentration remained un-

changed overall. Fourteen patients died during SVLPD; death
was unrelated to nutritional parameters. Hemodialysis was
initiated after SVLPD in 165 patients at a mean GFR of 5.86
1.5 ml/min. During an average of 54 mo on hemodialysis,
mortality was low (2.4% after 1 yr) and correlated to age only,
not to nutritional parameters observed at the end of SVLPD.
Similar results were obtained in 66 transplanted patients (12
were not dialyzed before transplantation). SVLPD can be
safely used in patients with CRF without adverse effects on the
clinical and nutritional status of the patients. Due to the pres-
ervation of nutritional status and the correction of uremic
symptoms, the initiation of dialysis was deferred in these
patients. The outcome of patients on renal replacement therapy
is not affected by prior treatment with SVLPD during the
predialysis phase of CRF.

Protein restriction may be used to slow the progression of
chronic renal failure (CRF), but its efficacy is debated. Al-
though the primary results of the Modification of Diet in Renal
Disease (MDRD) study were not conclusive (1), secondary
analysis of the same study (2) and meta-analyses by Fouqueet
al. (3) and Pedriniet al.(4) supported the utilization of protein-
restricted diets rather than conventional diets to slow the pro-
gression of CRF, particularly in patients with diabetic nephrop-
athy (4). A recent reanalysis of the MDRD feasibility study
suggests that supplementation of a very low protein diet (SV-
LPD) with a ketoacid-amino acid mixture slowed the progres-
sion of advanced CRF more than supplementation with an
amino acid mixture (5). Furthermore, many authors have dem-
onstrated previously that SVLPD has favorable effects on
various metabolic consequences of uremia (6,7), including
secondary hyperparathyroidism (8–11), peripheral resistance

to insulin (12–14), red cell lipid peroxidation (15), hyperlipid-
emia (16), and altered leukocytic functions (17,18). The cor-
rection of many such adverse metabolic effects of uremia by
SVLPD may be useful to delay the start of renal replacement
therapy (RRT) in patients with advanced CRF (19). However,
concerns have been raised that dietary protein restriction and
more specifically SVLPD could induce malnutrition in patients
in the predialysis phase of CRF, whose nutritional status may
already be altered by spontaneous decreases in energy and
protein intake (20,21). Because malnutrition increases morbid-
ity and mortality in dialysis patients (22–24), the use of SV-
LPD in the predialysis phase of CRF could have adverse
effects on patient outcome on RRT (25). In the MDRD study,
the low protein and very low protein diets used were safe for
periods of 2 to 3 yr (26). However, both protein and energy
intake declined and there were small but significant declines in
various indices of nutritional status, indicating that “Physicians
who prescribe low-protein diets must carefully monitor pa-
tients’ protein and energy intake and nutritional status” (26).
As a matter of fact, we have shown that energy production rate
is increased in patients on SVLPD, which implies that the
caloric intake should be increased when protein intake is re-
stricted (14). In patients previously treated with SVLPD during
the predialysis phase of CRF, the outcome on dialysis has been
evaluated by only one group thus far (19,27,28). They found
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that predialysis SVLPD substantially improved patient survival
during the first 2 yr on dialysis.

In the present retrospective study, we have evaluated the
influence of SVLPD on the clinical outcome and nutritional
status of 239 patients with advanced chronic renal failure
during the predialysis period and their evolution after initiation
of dialysis and/or transplantation.

Materials and Methods
Study Population

From December 1985 to January 1998, an SVLPD has been pro-
posed for all adult patients with advanced chronic renal failure (GFR
,25 ml/min per 1.73 m2) who were followed in the Service de
Néphrologie, Hôpital Pellegrin, Bordeaux, France. Patients who re-
quired immediate initiation of dialysis, had excessively severe comor-
bid conditions, or were obviously incapable of following this vege-
tarian diet and its monitoring were not given SVLPD. In this period of
time, it can be estimated that 30 to 40% of patients presenting with
advanced CRF were administered a SVLPD in our department.
Among the patients who gave informed consent to follow the dietary
prescription, 239 were treated for more than 3 mo and were consid-
ered to be eligible for this study. Many of these patients have been
included in previously published studies from our department about
the metabolic effects of SVLPD (9,10,14,17,18,29).

Initially, dietary intake, nutritional indices, and renal function were
assessed while patients were on their usual unrestricted diet during a
1-wk hospitalization. SVLPD was started after the patient and the
patient’s family had been introduced to the dietary prescription by a
specifically trained dietitian familiar with the theoretical and practical
aspects of SVLPD in patients with CRF.

Patients were evaluated every month as outpatients. Compliance
with the prescribed diet was assessed by food diaries and 24-h urinary
urea nitrogen excretion as an estimation of dietary protein intake
(29,30). Routine blood and urine analyses were performed at the
central laboratory of the hospital. After physical examination, a joint
dietetic visit with a physician and a dietitian allowed for a readjust-
ment of the prescription when necessary. GFR, which was evaluated
as the urinary clearance of51Cr-ethylenediaminetetra-acetic acid nor-
malized to 1.73 m2 body surface area (29), anthropometrics, and
nutritional proteins were assessed every 3 mo.

Treatment Regimen
All patients were prescribed a diet providing per kg per day 0.3 g

of protein of vegetable origin and 5 to 7 mg of inorganic phosphorus.
The energy supplied (35 kcal/kg per d) was furnished mainly by
carbohydrates (67%), lipids accounting for 30% of the energy intake,
and protein for only 3%. The diet was supplemented with one tablet
for 5 kg body weight of a mixture of essential amino acids and
ketoanalogs (Ketosteril®; Fresenius, Germany). Ketosteril® was un-
available from March 1994 to June 1995; therefore, amino acid
supplementation was then given at the same dosage in the form of
Cetolog® (Clintec, France), the production of which was stopped in
June 1995. The composition of the tablets has been described in detail
elsewhere (14,29). Calcium carbonate supplementation was given to
maintain serum calcium within the normal range, at doses of 1 g/d
(i.e., 400 mg elemental calcium) when amino-acids were provided by
Ketosteril® and 2 g/d when amino acids were provided by Cetolog®,
which contained less calcium (10,29). Patients were supplemented
with iron and a multivitamin preparation providing 1000 UI of vita-
min D2 per day. Patients who had proteinuria of.2 g/d were

supplemented with animal proteins of high biologic value calculated
on the basis of 1.25 g for 1 g ofprotein in the urine. They also received
antihypertensive medications and diuretics as needed according to
standard clinical criteria. RRT was initiated as required on the basis of
clinical symptoms and laboratory findings. Depending on age and
comorbid conditions, willing patients were referred to the transplant
unit to be evaluated for renal transplantation when isotopic GFR was
,10 ml/min per 1.73 m2.

Study Design
As stated above, the primary goal of this study was to evaluate the

clinical and nutritional outcomes of patients treated by SVLPD. Clin-
ical and biologic parameters were assessed before the beginning of the
diet (T0), after 4 mo of SVLPD (T4), and at the end of SVLPD (Tend).
We have shown previously that at 4 mo, an equilibration status is
achieved for most of the metabolic parameters studied (10,14,18,29).
For patients who were treated by dialysis after SVLPD, the 1-mo
examination before starting dialysis treatment was considered asTend.

The clinical outcome of the patients was evaluated at the date of
completion of the study (February 1998), whether they were still
treated by SVLPD, with a functioning graft, or on RRT. A question-
naire was sent to the transplant unit and to the dialysis centers of the
Aquitaine region of France, asking for the status of the patients (dead
or alive) and for the date and principal cause of death. Only two
patients were considered lost to follow-up. Patients were grouped for
the analysis according to their outcome at the end of treatment by
SVLPD, 1 yr after cessation of SVLPD and at last follow-up in
February 1998.

Statistical Analyses
Comparisons between groups were carried out using ANOVA and

the Fischer exact test as applicable. For the same patients, compari-
sons between two periods were made using pairedt test. The clinical
outcome of all patients was evaluated at the end of treatment by
SVLPD and 1 yr after if applicable, and at the end of follow-up
(February 1998). Survival analyses were performed with the Kaplan–
Meier method. Factors influencing survival were analyzed using the
Cox proportional hazard method. All analyses were performed with
two-tailed tests, usingP , 0.05 as the level of significance.

Results
Predialysis Period

Baseline Characteristics of the Population. The study
included 239 patients. The causes of renal disease and baseline
characteristics of the patients are shown in Table 1. Glomeru-
lonephritis, interstitial nephritis, autosomal dominant polycys-
tic kidney disease, and chronic rejection were the most com-
mon causes of CRF, while diabetes and nephrosclerosis
represented only 7.4 and 10%, respectively. Such a distribution
is comparable with other data published for France (31,32) for
the years 1985 to 1992 and with the findings of a recent study
concerning more than 7000 French hemodialyzed patients (33).
The low prevalence of diabetes is comparable to other pub-
lished data from French patients (34). Renal function was not
different in patients with CRF of different etiologies, but
proteinuria was more severe in patients with diabetes and
chronic glomerulonephritides. The nutritional status was
poorer in patients with chronic rejection.

Several significant differences (P , 0.01) between male and
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female patients were found. Male patients were older and, as
expected, their body weight and body mass index (BMI) were
higher. GFR was similar in the two groups, but serum para-
thyroid hormone (PTH) levels were higher in the female group.

Classification according to the Outcome and Parameters
Influencing Survival during the Predialysis Period. Ac-
cording to their clinical outcome, patients were classified into
five groups. Twenty patients spontaneously stopped the treat-
ment (group “discontinued”) and 14 patients (5.9%) died
(group “dead”), predominantly from cardiovascular and neo-
plastic causes. No cachexia or fatal infection occurred. Most of
the patients,i.e., 165, were treated by hemodialysis after SV-
LPD (group “dialyzed”). Twelve patients were transplanted
before dialysis treatment (group “transplanted”), and 28 are
still following the dietary regimen (group “SVLPD”). The
mortality rate while patients were treated by SVLPD was 2.4%
per year at risk over a total of 588.2 patient-years. The overall
duration of treatment by SVLPD was 29.66 25.1 mo (median
22.5). This duration was shorter in the “discontinued” and
“dead” groups (16 and 25 mo, respectively). However, this
should have been long enough to permit possible signs of
malnutrition to appear. Age and duration of treatment by
SVLPD in the different groups are shown in Figure 1. Age at
the start of the study was significantly higher in the “dead”
group than in the other groups, and in the “SVLPD” group than
in the “transplanted” group (P , 0.05). However, neither age
(P 5 0.06) nor nutritional parameters such as BMI and serum
albumin concentration at the initiation of SVLPD significantly
influenced survival time in the predialysis period as determined
by the Cox proportional model.

Outcome of Nutritional Parameters according to the
Different Groups. An expected and significant reduction in
protein intake was observed as soon as 1 mo after SVLPD was
initiated (data not shown). The reduction in protein intake
demonstrated after 4 mo of SVLPD was sustained until the end
of the study (Figure 2). The dramatic reduction in estimated
protein intake from urinary urea excretion from 0.856 0.23 to
0.43 6 0.11 g/kg per d is indicative of a satisfactory compli-
ance by most of the patients to the prescribed diet (29). The

Table 1. Clinical and biological characteristics of the 239 patients (140 male, 99 female) at the beginning of SVLPDa

Characteristic Mean6 SD Range Normal Range

Age (yr) 50.26 15.6 14 to 87
Weight (kg) 63.96 12 36 to 102

males 69.46 10.3
females 56.26 9.9

BMI (kg/m2) 22.36 3.3 15 to 35
males 23.26 2.8
females 21.26 3.6

Plasma urea (mmol/L) 21.86 6.4 9.5 to 41 3.5 to 7
Plasma creatinine (mmol/L) 4376 120 221 to 822 62 to 124
Serum albumin (g/L) 38.46 5.3 15 to 50 36 to 46
Plasma bicarbonate (mmol/L) 22.66 3.7 12 to 34 24 to 32
Serum PTH (pg/ml) 2136 168 10 to 1080 ,60
GFR (ml/min per 1.73 m2)b 13.16 4.8 4 to 23 90 to 120
Protein intake (g/kg body wt per d) 0.856 0.23 0.4 to 1.6
Proteinuria (g/d) 26 2.3 0 to 19
Follow-up (months) 29.66 25.1 3.9 to 144

a The various diagnoses in the patients were as follows: chronic glomerular nephritis, 23%; interstitial nephritis, 21%; diabetes mellitus,
7%; nephrosclerosis, 10%; polycystic kidney disease, 15%; chronic rejection, 12%; other and unknown, 12%. SVLPD, supplemented very
low protein diet; BMI, body mass index; PTH, parathyroid hormone.

b Available in 142 patients.

Figure 1. Age (years) and duration of treatment (months) in the
different groups of patients.f, group “discontinued;”o, “dead;”u,
group “dialyzed;” p, supplemented very low protein diet (group
“SVLPD”); M, group “transplanted.”
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courses of BMI and serum albumin are shown in Figure 3. At
the start of the study, protein intake and BMI were identical in
the different groups but serum albumin was significantly lower
in the “discontinued” than in the other groups (P , 0.05).
Serum albumin concentrations were not significantly modified
overall (from 38.46 5.3 to 39.26 5.1 g/L, P 5 0.052), but
increased significantly in the “SVLPD” group from 39.36 5.9
to 42.26 5.3 g/L (P , 0.02). BMI remained unchanged in all
groups.

Proteinuria. In the 41 patients who had proteinuria.3.5
g/d at the start of SVLPD, daily urinary protein excretion
decreased from 5.76 2.8 to 3.06 2.1 g/d at the end of the
survey (P , 0.001). During the same period of time, serum
albumin concentration increased significantly in these patients
from 33.86 6.4 to 37.86 5.4 g/L (P , 0.002).

GFR, Serum PTH, and Serum Bicarbonate. GFR was
measured every 3 mo in all 142 patients included since 1989.
Figure 4 shows the changes in GFR. No difference existed
among the various groups at the start of the study. GFR in the
“dead” group was unchanged during the 25-mo follow-up.
Dialysis therapy was initiated at a mean GFR of 5.86 1.5
ml/min per 1.73 m2. No patient was dialyzed earlier because of
malnutrition. Serum PTH levels were significantly reduced
from 213 6 68 pg/ml (median 167) to 2066 264 pg/ml
(median 131) (P , 0.001), and serum bicarbonate concentra-
tion increased significantly from 22.66 3.7 to 24.56 3.1
mmol/L (P , 0.001).

Outcome of Patients on Dialysis Therapy and
Transplantation

Outcome and Factors Influencing Survival in Patients
Treated by Hemodialysis. Hemodialysis was used as RRT
in 165 patients. Their mean characteristics at the start of the
dialysis treatment are summarized in Table 2. The mean time

of follow-up was 70 mo (median 68 mo) including 54 mo on
dialysis (median 48 mo). Figure 5 shows a Kaplan–Meier
curve of the survival of the patients treated by hemodialysis
after cessation of SVLPD. On dialysis treatment, the mortality
rate was 2.4, 25, and 50% after 1, 5, and 10 yr, respectively.
Four of the 66 patients who received a renal transplant died.
During the first year on dialysis, four patients died (2.4%), 28
patients were grafted, and one was lost for follow-up. In
February 1998, after a mean follow-up of 8 yr, 63 patients were
still on dialysis, 26 were grafted, 42 were dead, and one patient
was lost to follow-up. Most of the deaths were due to cardio-
vascular or cerebrovascular causes. Only four patients died
with cachexia after, respectively, 48, 49, 51, and 89 mo of
dialysis treatment, and all of them were older than 80 yr.

The influence of age on the outcome of dialysis is depicted
in Figure 6, with a shorter survival observed in older patients.
Five years after the initiation of dialysis (i.e., after the discon-
tinuation of SVLPD), 50% of patients were still alive in the

Figure 2. Evolution of the protein catabolic rate (nPCR) estimated
from urinary urea excretion in the different groups of patients at the
beginning (f), at 4 mo (o), and at the end (M) of treatment by
SVLPD.

Figure 3.Nutritional parameters at the beginning (f) and end (M) of
treatment by SVLPD in all patients. (A) Body mass index (BMI). (B)
Serum albumin concentration. *P , 0.02 between beginning and end
of SVLPD.
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group older than 60 and more than 70% in the younger groups.
In the Cox proportional hazards model, older age significantly
influenced survival (P , 0.00002), whereas BMI and serum
albumin concentration at the beginning of hemodialysis treat-
ment (i.e., at the end of SVLPD), and BMI and serum albumin
concentration at the beginning of SVLPD had no significant
influence on survival.

Transplanted Patients. Twelve patients were grafted
without prior initiation of dialysis. Fifty-four were transplanted
while treated by hemodialysis. None of these 66 patients died
during the first year. Among these 66 patients, there were four
deaths overall involving neoplasia, myocardial infarction, a
cerebrovascular cause, and cytomegalovirus infection.

Discussion
In this study, we assessed the evolution of the nutritional

status of 239 predialysis patients treated by SVLPD during a

mean period of nearly 30 mo and their outcome after initiation
of end-stage renal disease treatment.

Clinical Outcome and Nutritional Status of the Patients
while Treated by SVLPD

Between 1985 and 1998, an SVLPD was proposed to all
adult patients with advanced CRF, excluding those with severe
comorbid conditions that might superimpose a hypercatabolic
state. Because of the potential risk of malnutrition, patients
who obviously could not adapt to the dietary prescription or to
close monitoring were also excluded. However, “healthy” pa-
tients with insulin-dependent diabetes mellitus or with ad-
vanced chronic renal rejection who could be considered asa
priori high-risk nutritional patients were included in the study.
Older age was not considered a contra-indication.

According to these conditions, 239 patients,i.e., roughly 30
to 40% of all the patients who presented with advanced CRF
during this period of time, were given an SVLPD. Compliance
with the diet was satisfactory in most of them as demonstrated
by the mean alimentary protein intake, which was 0.39 g/kg per
d (the amino acid supplements affording 0.5 to 0.7 g N/d).

Figure 4. Isotopic GFR in the different groups of patients at the
beginning (f) and end (M) of treatment by SVLPD.

Table 2. Clinical and biological characteristics at the
beginning and end of treatment by SVLPD of the
165 patients (103 male, 62 female) treated by
hemodialysisa

Characteristic Beginning End

Age (yr) 50.16 15.8 52.66 16.1
Body weight (kg) 64.26 12.1 64.66 12.1
BMI (kg/m2) 22.46 3.3 22.56 3.4
Protein intake (g/kg per d) 0.866 0.22 0.486 0.13b

Creatinine (mmol/L) 4586 123 7486 183b

Urea (mmol/L) 22.66 6.9 16.66 6.4b

Bicarbonate (mmol/L) 22.46 3.6 24.16 2.9b

Albumin (g/L) 38.76 4.4 38.86 4.8
GFR (ml/min per 1.73 m2)c 13.16 4.8 5.86 1.5b

PTH (pg/ml) 2116 49 2066 193
Urinary protein (g/d) 1.96 1.9 1.56 1.4
Follow-up (months) 29.86 23.1

a Abbreviations as in Table 1.
b P , 0.0001, startversusend of SVLPD.
c Available in 93 patients.

Figure 5.Survival curve of the 165 patients treated by hemodialysis
after cessation of SVLPD.

Figure 6.Survival curve of the 165 patients treated by hemodialysis
after cessation of SVLPD, according to age.
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Furthermore, only 16 patients dropped out after the first 3 mo
of SVLPD during the survey. In cases of intercurrent illness
that could interfere with the adaptation to low-protein intake,
SVLPD was stopped and patients were given a conventional
protein intake. In most studies concerning long-term survey of
predialysis patients on SVLPD, no signs of protein malnutri-
tion were found, with one exception in which protein intake
was restricted to 0.2 g/kg per d (35). This resulted in an abrupt
decrease in body weight and anthropometrics during the first 3
mo, after which these parameters tended to be more stable. In
the MDRD study B, patients on SVLPD displayed minor but
statistically significant declines in serum transferrin, urinary
creatinine excretion, and anthropometrics while serum albumin
rose; therefore, it is believed that the very low protein diets
used in the MDRD Study are safe for periods of 2 to 3 yr.
(7,26).

In the present patients, a close clinical follow-up permitting
a better control of anemia, fluid balance, and BP associated
with a monthly dietary counseling has enabled us to maintain
a satisfactory nutritional status during the predialysis period, as
demonstrated by stable body weight, BMI, and serum albumin
levels. Similarly, maintenance of neutral nitrogen balance as
well as stability of serum protein levels and anthropometric
values indicative of muscle mass have been observed in CRF
patients on long-term SVLPD treatment (36). This close mon-
itoring explains the difference in the results observed in pre-
dialysis patients who do not follow a dietary prescription and
whose spontaneously reduced protein and energy intake results
in malnutrition in 25 to 50% of cases at the start of RRT
(37,38). As reported in other long-term protocols of dietary
protein restriction, the present study confirms that such diets
have no or minor adverse effects on the nutritional status of
patients when they are carefully followed (39). Moreover, as
already reported by others, in patients with nephrotic syn-
drome, protein intake restriction results in a significant in-
crease in serum albumin levels (40).

In addition, proper observance of SVLPD has allowed the
correction or improvement of various catabolic factors, which
may have resulted in improved protein anabolism. The correc-
tion of metabolic acidosis is explained by a marked reduction
in the production of H1 ions linked to high intake of metab-
olizable organic anions and low intake of sulfur-containing
amino acids (29,41). The mean serum bicarbonate concentra-
tion of our patients was 24.46 3.0 mmol/L at the beginning of
RRT (before discontinuing SVLPD), and less than 4% of
patients had serum bicarbonate levels below 20 mmol/L. Nor-
malization of serum bicarbonate levels is important because
metabolic acidosis stimulates amino acid and protein degrada-
tion, reduces albumin synthesis, induces negative nitrogen
balance, and blocks the ability of uremic patients to adapt to a
reduced-protein diet (41). Because of its very low content in
phosphorus and preserved calcium intake through calcium
carbonate supplementation (and calcium salts of ketoanalogs in
the Ketosteril® supplementation) (10), a SVLPD reduces phos-
phorus retention, which inhibits calcitriol production and de-
creases the calcemic response to PTH, thus representing two of
the main mechanisms implicated in the genesis of secondary

hyperparathyroidism (9,10,29). Serum phosphorus and PTH
levels were close to normal in the majority of the patients; only
16% of them had PTH levels.300 pg/ml at the discontinua-
tion of SVLPD. This last result is of paramount importance
given the various deleterious effects of PTH. Furthermore, it is
possible that SVLPD, which improves the altered insulin sen-
sitivity of uremic patients (12,13), also has positive effects on
their protein metabolism. On the other hand, because SVLPD
increases carbohydrate and lipid oxidation as well as energy
expenditure (14), and because nitrogen balance is markedly
influenced by the importance of caloric intake in both uremic
patients and healthy control subjects (42), efforts must be made
to improve energy intake. Finally, the reduced accumulation of
nitrogen-containing waste products may have contributed to
maintaining a better appetite. These different factors may ex-
plain why none of the patients needed a hastening of the
initiation of dialysis on nutritional grounds. During the predi-
alysis period, only 14 patients died, mostly from cardiovascular
disorders. It must be considered that such a low mortality rate
was observed in patients with advanced renal failure who could
have been treated by dialysis according to current medical
standards (43). Death rate was weakly influenced by the age of
patients. Conversely, there was no correlation with the duration
of dietary treatment or with the evolution of nutritional param-
eters.

Clinical Outcome of the Patients on RRT (after
Cessation of SVLPD)

The low mortality of dialysis patients reported in the present
study seems to refute the concern that has been raised about the
possibility that SVLPD could induce malnutrition and result in
poor outcome of patients once dialysis is initiated, with nutri-
tional status of patients at the onset of end-stage renal disease
therapy a major determinant of short- and long-term survival
(24,44–46).

At the beginning of treatment by hemodialysis, GFR was
5.8 6 1.5 ml/min per 1.73 m2, lower than in the MDRD study
(9.1 6 3 ml/min per 1.73 m2) but nearly identical to the final
GFR of 5.66 1.9 ml/min at which RRT was initiated in the
patients reported by Walser and Hill (19), and very close to the
mean value of 7.16 3.1 ml/min per 1.73 m2 recently reported
in the U.S. end-stage renal disease population involving more
than 90,000 patients. In the latter study, the proportion of
patients with GFR.10 ml/min, between 5 and 10 ml/min, and
,5 ml/min was 14, 63, and 23%, respectively (47,48). Besides
the disputed influence of SVLPD on the progression of CRF
(not evaluated in the present study), which could delay the
onset of RRT (19), it is likely that the dramatic reduction in
serum urea levels and other putative uremic toxins derived
from alimentary protein intake (49) and the correction of
several metabolic disorders alleviated some of the uremic
symptoms and in this manner postponed the beginning of HD
treatment (19).

It does not appear that the initiation of RRT at a level of
residual renal function lower than usually recommended
(25,37,43,50–52) had a negative influence on the survival of
patients on dialysis. This conclusion is all the more straight-
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forward in that, in the present study, the clinical outcome of the
patients on RRT was considered from the beginning of dialy-
sis, and not after the first 3 mo as in the USRDS registry.
During the first year of dialysis, four patients (2.4%) died
(none during the first 3 mo), all from cardiovascular causes.
The mortality rate was 6.8% during the second year and the
patient survival was 75 and 50% at 5 and 10 yr, respectively.
These results compare favorably with those recently reported
in France and Western Europe (31), in the USRDS case mix
(24,32), and in the Japanese registry (53), but our patients
represent a highly selected population with different underly-
ing nephropathies and comorbid conditions. Unfortunately, no
registry exists in France to compare our data with those of a
“standard” French dialysis population. However, despite the
absence of a control group, one may consider that SVLPD had
no adverse effects on the survival of patients subsequently
treated by dialysis.

Most of the deaths were related to cardiovascular and cere-
brovascular causes. Only four patients died with cachexia after
48, 49, 51, and 89 mo on dialysis. They were, respectively, 81,
82, 81, and 81 yr old at the time of death.

These data confirm the results of Coreshet al. (27), who,
after a mean duration of dietary treatment before dialysis of 27
mo, observed a particularly low number of deaths: during 37
person-years of follow-up, only one patient died in the first
year of dialysis. Rayneret al. (54) found no difference in
mortality on dialysis between their group of 79 patients previ-
ously on a low-protein diet (0.6 g/kg per d) and those without
dietary prescription. These various results suggest that when
carefully monitored, protein-restricted diets have no direct
harmful effects on the short- and long-term outcome of patients
subsequently treated by hemodialysis.

In the current patients treated by SVLPD before the initia-
tion of RRT, peritoneal dialysis was not proposed because we
were concerned about the possibility of protein malnutrition
(55). However, in view of the results obtained in patients
treated by hemodialysis, one may speculate that such treatment
would not have major side effects.

The results observed in the 66 patients who received a
cadaveric renal transplant (without prior RRT or while they
were on RRT) are comparable to those reported in the French
Transplant Registry (56), in which the patient survival rate was
95.2% at 1 yr and 89.6% at 5 yr. Only four of the present
transplant recipients died (from stroke, neoplasia, myocardial
infarction, and cytomegalovirus infection).

Conclusion
The results of the present study, conducted in a single center,

demonstrate that a very low protein diet in patients with ad-
vanced chronic renal failure carefully selected, motivated, and
followed had no deleterious influence on their nutritional status
in the predialysis phase of CRF. Furthermore, the clinical
outcome of the patients when they reached end-stage renal
failure, whether they were treated by hemodialysis or trans-
planted, compares favorably to data reported in the literature.
What is more, the reduction in serum urea levels reflecting the
correction of several metabolic disorders alleviated uremic

symptoms and in this manner delayed the onset of end-stage
renal failure treatment until GFR levels lower than those cur-
rently recommended were attained.

References
1. Klahr S, Levey AS, Beck GJ, Caggiula AW, Hunsicker L, Kusek

JW, Striker G: The effects of dietary protein restriction and
blood-pressure control on the progression of chronic renal dis-
ease. Modification of Diet in Renal Disease Study Group. N Engl
J Med330: 877–884, 1994

2. Levey AS, Adler S, Caggiula AW, England BK, Greene T,
Hunsicker LG, Kusek JW, Rogers NL, Teschan PE: Effects of
dietary protein restriction on the progression of advanced renal
disease in the Modification of Diet in Renal Disease Study.Am J
Kidney Dis27: 652–663, 1996

3. Fouque D, Laville M, Boissel JP, Chifflet R, Labeeuw M, Zech
PY: Controlled low protein diets in chronic renal insufficiency:
Meta-analysis.Br Med J304: 216–220, 1992

4. Pedrini MT, Levey AS, Lau J, Chalmers TC, Wang PH: The
effect of dietary protein restriction on the progression of diabetic
and nondiabetic renal diseases: A meta-analysis.Ann Intern Med
124: 627–632, 1996

5. Teschan PE, Beck GJ, Dwyer JT, Greene T, Klahr S, Levy AS,
Mitch WE, Snetselaar LG, Steinman TI, Walser M: Effect of a
ketoacid-amino acid-supplemented very low protein diet on the
progression of advanced renal disease: A reanalysis of the
MDRD feasibility study.Clin Nephrol50: 273–283, 1998

6. Maroni BJ: Protein restriction in the pre-end-stage renal disease
(ESRD) patient: Who, when, how and the effect on subsequent
ESRD outcome.J Am Soc Nephrol9: S100–S106, 1998

7. Walser M, Mitch WE, Maroni BJ, Kopple JD: Should protein
intake be restricted in predialysis patients?Kidney Int55: 771–
777, 1999

8. Lindenau K, Abendroth K, Kokot F, Vetter K, Rehse C, Frohling
PT: Therapeutic effect of keto acids on renal osteodystrophy: A
prospective controlled study.Nephron55: 133–135, 1990

9. Lafage MH, Combe C, Fournier A, Aparicio M: Ketodiet, phys-
iological calcium intake and native vitamin D improve renal
osteodystrophy.Kidney Int42: 1217–1225, 1992

10. Combe C, Morel D, de Pre´cigout V, Blanchetier V, Bouchet JL,
Potaux L, Fournier A, Aparicio M: Long-term control of hyper-
parathyroidism in advanced renal failure by low-phosphorus
low-protein diet supplemented with calcium (without changes in
plasma calcitriol).Nephron70: 287–295, 1995

11. Barsotti G, Cupisti A, Morelli E, Meola M, Cozza V, Barsotti M,
Giovannetti S: Secondary hyperparathyroidism in severe chronic
renal failure is corrected by very-low dietary phosphate intake
and calcium carbonate supplementation.Nephron79: 137–141,
1998

12. Gin H, Aparicio M, Potaux L, de Precigout V, Bouchet JL,
Aubertin J: Low protein and low phosphorus diet in patients with
chronic renal failure: Influence on glucose tolerance and tissue
insulin sensitivity.Metabolism36: 1080–1085, 1987

13. Rigalleau V, Blanchetier V, Combe C, Guillot C, Deleris G,
Aubertin J, Aparicio M, Gin H: A low-protein diet improves
insulin sensitivity of endogenous glucose production in predia-
lytic uremic patients.Am J Clin Nutr65: 1512–1516, 1997

14. Rigalleau V, Combe C, Blanchetier V, Aubertin J, Aparicio M,
Gin H: Low protein diet in uremia: Effects on glucose metabo-
lism and energy production rate.Kidney Int51: 1222–1227, 1997

714 Journal of the American Society of Nephrology J Am Soc Nephrol 11: 708–716, 2000



15. Peuchant E, Delmas-Beauvieux MC, Dubourg L, Thomas MJ,
Perromat A, Aparicio M, Clerc M, Combe C: Antioxidant effects
of a supplemented very low protein diet in chronic renal failure.
Free Radical Biol Med22: 313–320, 1997

16. Bernard S, Fouque D, Laville M, Zech P: Effects of low-protein
diet supplemented with ketoacids on plasma lipids in adult
chronic renal failure.Miner Electrolyte Metab22: 143–146,
1996

17. Aparicio M, Vincendeau P, Gin H, Potaux L, Bouchet JL, Mar-
tin-Dupont P, Morel D, de Precigout V, Bezian JH: Effect of a
low-protein diet on chemiluminescence production by leukocytes
from uremic patients.Nephron48: 315–318, 1988

18. Aparicio M, Vincendeau P, Combe C, Caix J, Gin H, de Pre-
cigout V, Bezian JH, Bouchet JL, Potaux L: Improvement of
leucocytic Na1 K1 pump activity in uremic patients on low
protein diet.Kidney Int40: 238–242, 1991

19. Walser M, Hill S: Can renal replacement be deferred by a
supplemented very low protein diet?J Am Soc Nephrol10:
110–116, 1999

20. Kopple JD, Berg R, Houser H, Steinman TI, Teschan P: Nutri-
tional status of patients with different levels of chronic renal
insufficiency. Modification of Diet in Renal Disease (MDRD)
Study Group.Kidney Int Suppl27: S184–S194, 1989

21. Ikizler TA, Greene JH, Wingard RL, Parker RA, Hakim RM:
Spontaneous dietary protein intake during progression of chronic
renal failure.J Am Soc Nephrol6: 1386–1391, 1995

22. Lowrie EG, Lew NL: Death risk in hemodialysis patients: The
predictive value of commonly measured variables and an eval-
uation of death rate differences between facilities.Am J Kidney
Dis 15: 458–482, 1990

23. Owen WF Jr, Lew NL, Liu Y, Lowrie EG, Lazarus JM: The urea
reduction ratio and serum albumin concentration as predictors of
mortality in patients undergoing hemodialysis.N Engl J Med
329: 1001–1006, 1993

24. Leavey SF, Strawderman RL, Jones CA, Port FK, Held PJ:
Simple nutritional indicators as independent predictors of mor-
tality in hemodialysis patients.Am J Kidney Dis31: 997–1006,
1998

25. Mehrotra R, Nolph KD: Argument for timely initiation of dial-
ysis.J Am Soc Nephrol9: S96–S99, 1998

26. Kopple JD, Levey AS, Greene T, Chumlea WC, Gassman JJ,
Hollinger DL, Maroni BJ, Merrill D, Scherch LK, Schulman G,
Wang SR, Zimmer GS: Effect of dietary protein restriction on
nutritional status in the Modification of Diet in Renal Disease
Study.Kidney Int52: 778–791, 1997

27. Coresh J, Walser M, Hill S: Survival on dialysis among chronic
renal failure patients treated with a supplemented low-protein
diet before dialysis.J Am Soc Nephrol6: 1379–1385, 1995

28. Walser M: Does prolonged protein restriction preceding dialysis
lead to protein malnutrition at the onset of dialysis?Kidney Int
44: 1139–1144, 1993

29. Combe C, Deforges-Lasseur C, Caix J, Pommereau A, Marot D,
Aparicio M: Compliance and effects of nutritional treatment on
progression and metabolic disorders of chronic renal failure.
Nephrol Dial Transplant8: 412–418, 1993

30. Maroni BJ, Steinman TI, Mitch WE: A method for estimating
nitrogen intake of patients with chronic renal failure.Kidney Int
27: 58–65, 1985

31. Berthoux F, Gellert R, Jones E, Mendel S, Valderrabano F,
Briggs D, Carrera F, Cambi V, Saker L: Epidemiology and

demography of treated end-stage renal failure in the elderly.
From the European Renal Association (ERA-EDTA) Registry.
Nephrol Dial Transplant13: 65–68, 1998

32. United States Renal Data System: International comparisons of
ESRD therapy.Am J Kidney Dis30: S187–S194, 1997

33. Chauveau P, Aparicio M, Laville M, Azar R, Canaud B, Cano N,
Combe C, Leverve X: Protein catabolic rate and plasma bicar-
bonate in 7123 hemodialyzed patients: Is dialysis with bicarbon-
ate sufficient? [Abstract].J Am Soc Nephrol8: 229A, 1997

34. Cordonnier DJ, Zmirou D, Benhamou PY, Halimi S, Ledoux F,
Guiserix J: Epidemiology, development and treatment of end-
stage renal failure in type 2 (non-insulin-dependent) diabetes
mellitus: The case of mainland France and of overseas French
territories.Diabetologia36: 1109–1112, 1993

35. Lucas PA, Meadows JH, Roberts DE, Coles GA: The risks and
benefits of a low protein-essential amino acid-keto acid diet.
Kidney Int29: 995–1003, 1986

36. Tom K, Young VR, Chapman T, Masud T, Akpele L, Maroni BJ:
Long-term adaptive responses to dietary protein restriction in
chronic renal failure.Am J Physiol268: E668–E677, 1995

37. Hakim RM, Lazarus JM: Initiation of dialysis.J Am Soc Nephrol
6: 1319–1328, 1995

38. Jungers P, Zingraff J, Albouze G, Chauveau P, Page B,
Hannedouche T, Man NK: Late referral to maintenance dialysis:
Detrimental consequences.Nephrol Dial Transplant8: 1089–
1093, 1993

39. Lim VS, Yarasheski KE, Flanigan MJ: The effect of uraemia,
acidosis, and dialysis treatment on protein metabolism: A longi-
tudinal leucine kinetic study.Nephrol Dial Transplant13: 1723–
1730, 1998

40. Walser M, Hill S, Tomalis EA: Treatment of nephrotic adults
with a supplemented, very low-protein diet.Am J Kidney Dis28:
354–364, 1996

41. Williams B, Hattersley J, Layward E, Walls J: Metabolic acidosis
and skeletal muscle adaptation to low protein diets in chronic
uremia.Kidney Int40: 779–786, 1991

42. Kopple JD, Monteon FJ, Shaib JK: Effect of energy intake on
nitrogen metabolism in nondialyzed patients with chronic renal
failure. Kidney Int29: 734–742, 1986

43. National Kidney Foundation: NKF-DOQI clinical practice
guidelines for hemodialysis adequacy. Am J Kidney Dis30:
S15–S66, 1997

44. Avram MM, Sreedhara R, Bista A, Mushnick R, Mittman N:
Baseline nutritional markers continue to predict outcome in
hemodialysis at eleven years of follow-up [Abstract].J Am Soc
Nephrol9: 198A, 1998

45. Avram MM, Bonomini LV, Sreedhara R, Mittman N: Predictive
value of nutritional markers (albumin, creatinine, cholesterol,
and hematocrit) for patients on dialysis for up to 30 years.Am J
Kidney Dis28: 910–917, 1996

46. Khan IH, Catto GR, Edward N, MacLeod AM: Death during the
first 90 days of dialysis: A case control study.Am J Kidney Dis
25: 276–280, 1995

47. Obrador GT, Ruthazer R, Arora P, Pereira BJG, Levey AS: What
is the level of GFR at the start of dialysis in the U.S. ESRD
population? [Abstract]J Am Soc Nephrol9: 156A, 1998

48. Obrador GT, Ruthazer R, Arora P, Golper TA, Levey AS, Pereira
BJG: Factors associated with GFR,5 ml/min at the start of
dialysis in the U.S. ESRD population [Abstract].J Am Soc
Nephrol9: 156A, 1998

J Am Soc Nephrol 11: 708–716, 2000 Nutrition and Clinical Outcome with SVLPD in CRF 715



49. Maroni BJ: Impact of chronic renal failure on nitrogen metabo-
lism. Miner Electrolyte Metab24: 34–40, 1998

50. Keshaviah PR, Emerson PF, Nolph KD: Timely initiation of
dialysis: A urea kinetic approach.Am J Kidney Dis33: 344–348,
1999

51. Golper TA: Incremental dialysis.J Am Soc Nephrol9: S107–
S111, 1998

52. Mehrotra R, Saran R, Moore HL, Prowant BF, Khanna R, Twar-
dowski ZJ, Nolph KD: Toward targets for initiation of chronic
dialysis.Perit Dial Int 17: 497–508, 1997

53. Shinzato T, Nakai S, Akiba T, Yamagami S, Yamazaki C,
Kitaoka T, Kubo K, Maeda K, Morii H: Report of the annual

statistical survey of the Japanese Society for Dialysis Therapy in
1996.Kidney Int55: 700–712, 1999

54. Rayner HC, Burton PR, Bennett S, Walls J: Changes in nutri-
tional status of patients with chronic renal failure on a low
protein diet [Abstract].Nephron64: 154, 1993

55. Canada-USA (CANUSA) Peritoneal Dialysis Study Group: Ad-
equacy of dialysis and nutrition in continuous peritoneal dialysis:
Association with clinical outcomes.J Am Soc Nephrol7: 198–
207, 1996
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