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Abstract

Background. International guidelines have not reached
a complete agreement about the optimal amount of
dietary proteins in chronic kidney disease(CKD). The
aim of this study was to compare, with a randomized-
controlled design, the metabolic effects of two diets
with different protein content (0.55 vs 0.80 g/kg/day) in
patients with CKD stages 4–5.
Methods. Study design and sample size calculations
were based on previously published experience of our
group with low protein diet. The primary outcome of
the study was the modification of serum urea nitrogen
concentration. From 423 patients randomly assigned
to the two diets 392 were analysed: 200 for the 0.55-
Group and 192 for the 0.8-Group. The follow-up
ranged 6–18 months.
Results. Mean age was 61�18 years, 44% were women,
mean eGFR was 18�7 ml/min/month. Three months
after the dietary assignment and throughout the study
period the two groups had a significantly different
protein intake (0.72 vs 0.92 g/kg/day). The intention-
to-treat analysis did not show any difference between
the two groups. Compliance to the two test diets was
significantly different (P< 0.05): 27% in the 0.55-
Group and 53% in the 0.8-Group, with male gender
and protein content (0.8 g/kg/day) predicting adher-
ence to the assigned diet. The per protocol analysis,
conversely, showed that serum urea nitrogen, similar at
the time of randomization, significantly increased in
the 0.8-Group vs 0.55-Group by 15% (P< 0.05).
Serum phosphate, PTH and bicarbonate resulted
similar in the two groups throughout the study. The
24 h urinary urea nitrogen significantly decreased after
the first 3 months in 0.55-Group (P< 0.05), as well as
the excretion of creatinine, sodium and phosphate
(P< 0.05 vs baseline) and were significantly lower than
the 0.8-Group. The prescription of phosphate binders,

allopurinol, bicarbonate supplements and diuretics
resulted significantly less frequent in the 0.55-Group
(P< 0.05).
Conclusions. This study represents the first evidence
that in CKD patients a protein intake of 0.55 g/kg/day,
compared with a 0.8 g/kg/day, guarantees a better
metabolic control and a reduced need of drugs,
without a substantial risk of malnutrition.

Introduction

In the last 50 years dietary restriction of proteins
and sodium has represented a cornerstone in the
treatment of chronic kidney disease (CKD) or, at
least, of its metabolic consequences, due to its efficacy
in reducing signs and symptoms of uraemia, lessening
the accumulation of waste metabolic products and
protecting against hypertension and proteinuria [1–6].
Thus, it is quite surprising that, despite the great
number of studies investigating the dietary manage-
ment of renal failure, a full agreement on the optimal
protein intake in CKD patients has not been reached,
as yet. Indeed, the guidelines of different scientific
societies disagree about what amount of proteins is
able to satisfy the three critical requirements: the good
metabolic control of renal failure, the minimum risk of
malnutrition and reasonable patient compliance.
Accordingly, the K/DOQI guidelines have recom-
mended that CKD patients (GFR< 25ml/min) receive
a diet providing 0.6 g/kg of desirable body weight
(DBW) per day of proteins [7], while others suggest
that the protein content of the diet should not be
lower than 0.75 g/kg/day, and should not exceed
0.8–1.0 g/kg/day [8–12], Diets with <0.55 g/kg/day of
proteins are strongly discouraged, for the risk of
protein malnutrition [11]. Last, some studies advocate
that the reduction in protein intake below 0.8 g/kg/day
in patients with advanced renal failure should be
considered a criterion for starting dialysis therapy
[12,13]. It is intuitive that most of these suggestions are
largely opinion based.
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Aim of the present study was to compare the
metabolic control of renal failure, stage 4–5 [14],
obtained with two diets with different protein content:
0.55 g/kg/day vs 0.80 g/kg/day. This comparison was
based upon the monitoring of several markers of
uraemic morbidity for as long as 18 months.

Subjects and methods

The study was conducted in the CKD clinic of the University
‘Federico II’ of Naples, Italy, where 753 consecutive patients
(stage 2–5) were screened from January 1999 to January
2003. The study was approved by the local medical ethics
committee. The following enrolment criteria were used:
age of 18 years and a basal value of estimated
GFR(eGFR) �30ml/min/1.73m2. After a monthly check of
eGFR for 3 months (baseline period) the patients with stable
renal function (eGFR variability <15%) were deemed
eligible for study. During this month the patients maintained
their previous diet. From 516 patients who met the inclusion
criteria, we excluded 30 patients because of unstable renal
function; seven were affected by malignant disease, seven
were treated with immunosuppressant drugs, 31 for urinary
protein excretion exceeding 5 g/24 h, three patients were
pregnant and 15 because they refused to participate.
At baseline, 423 patients were enrolled in the study and
randomly assigned to one of the two test diets with different
protein content, 0.55 g/kg/day in 0.55-Group and 0.8 g/kg/day
in 0.8-Group, respectively (Figure 1).

Simple randomization list was generated by means of
a computer and kept concealed with the use of numbered,
opaque sealed envelopes opened in sequence by adminis-
trative staff personnel not involved in patient care.
The amount of proteins in the two diets was chosen on the
basis of the minimum protein requirement (0.55 g/kg/day) for
the general population, as recommended by theWorld Health
Organization, and the protein requirement of 97.5% of
the adult population (0.75 g/kg/day) to which 0.05 g/kg/day
of proteins were added [15]. The details of the prescribed
diets are available upon request by e-mail. All dietary
prescriptions and estimates of dietary intake are expressed
according to the patients’ DBW, derived from the BMI
equation (weight/height2; kg/m2), andobtained bymultiplying
the squared value of the height (in meters) times a reference
BMI value of 23 [16,17]. Patients were prescribed at least
30 kcal/kg/day, reduced to a minimum of 25 in overweight
patients, or if hypertension and hyperlipidaemia were
present. A multivitamin and mineral tablet was also
administered daily. Dietary sodium intake was restricted
in all patients (2.5 g/day of sodium). Calcium supplements
were given in the form of calcium carbonate in order
to guarantee a calcium intake of 1000–1500mg/day.
Iron supplementation was administered as necessary to
maintain transferrin saturation at 20% or greater, and serum
ferritin level at 60 mg/l. The therapy consisted of 200mg/day of
oral element iron.

Demographic and clinical data were obtained at baseline.
Primary kidney disease was classified according to the
European Renal Association codes. The follow-up of
patients ranged from a minimum of 6 months to a maximum
of 18 months. At each control a complete clinical and dietetic
evaluation was performed including BMI, blood pressure

and adjustments of therapy. At the baseline and every 3
months we evaluated in venous plasma or serum the
following chemistries: urea nitrogen, creatinine, bicarbonate,
sodium, potassium, phosphate, calcium, intact-PTH, total
proteins, albumin, total cholesterol, HDL cholesterol,
triglycerides, uric acid, haemoglobin, transferrin, iron and
other molecules that are not reported in the present article.
Serum albumin was determined with the Bromo Cresol
Purple method (normal range: 3.5–4.8 g/dl). The following
measurements were obtained in 24 h urinary collection:
urea nitrogen, creatinine, sodium, potassium, phosphate,
proteins. Standard laboratory procedures were used for
blood and urinary measurements.

Renal function was expressed as eGFR, obtained with
MDRD equation [18]. Patients included in the study were
instructed about the study procedures and how to obtain a
careful urinary collection. Urine collection was considered
inaccurate and discarded if measured creatinine excretion
rate was outside the 60–140% range of the value estimated
according to Dwyer and Kenler [19]. After randomization the
patients were instructed to modify their intake of proteins,
sodium and phosphorus and, if necessary, of calories in order
to achieve the goals of the assigned diet. Dietary instructions
and the verification of the adherence to the prescribed diet
were accomplished by an expert renal dietitian that followed
all the patients included in the study at each CKD-clinical
visit (every 3 months).

We used pharmacological and non-pharmacological
therapies to achieve the desired therapeutic targets which
were in keeping with the current practice guidelines when the
study begun. Target blood pressure was �140/90mmHg,
antihypertensive therapy included angiotensin-converting
enzyme (ACE) inhibitors, angiotensin receptor blockers,
calcium channel blockers, diuretics, b-blockers or a-blockers.
Parathyroid hormone levels of <275 pg/ml (ng/l), or up to
five times the upper limit of normal; serum calcium level of
9.0–10.4mg/dl (2.25–2.60mmol/l); and serum phosphate
level of 2.6–5.7mg/dl (0.85–1.85mmol/l). Serum bicarbonate
levels were aimed at 22mEq/l or above and oral supplements
of sodium bicarbonate were prescribed, in order to avoid the
catabolic effects of metabolic acidosis on protein metabolism
[20,21]. Hyperphosphataemia was treated with calcium
carbonate or sevelamer, if needed. Lipid levels were treated
by dietary modification and/or medications to achieve target
levels of cholesterol <217mg/dl (<5.6mmol/l) and triglycer-
ides <204mg/dl (<2.3mmol/l). Haemoglobin target
was between 11 and 12 g/dl for both men and women.
For patients followed in the study after October 2003, the
targets were adapted to the indications of K/DOKI CKD for
stage 4–5 [22].

Dietary protein intake was estimated in stable, non-
catabolic condition by means of daily urinary excretion
of urea nitrogen according to Maroni formula [23].
Changes in estimated protein intake defined adherence to
prescribed diet over time. The stability of protein intake was
defined by the variation coefficient of the urinary urea
nitrogen excretion below 25%, calculated over the entire
observation period. Our pre-definition of compliance to
proteins was a protein intake constantly between 0.4 and 0.6
or 0.7–0.9 g/ kg/day respectively, for 0.55 and 0.8 groups
across the study. Compliance to the calorie prescription was
verified in each visit by the dietitian and the close check of
body weight variation. More frequent dietary interviews and
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food diaries were asked only to those patients that registered
a loss of body weight higher than 3% between two visits.
Protein-calorie malnutrition was defined as the occurrence
of one of the following: loss of body weight >5% in 1 month
or 7.5% in 3 months or BMI<20 kg/m2 with serum
albumin <3.2 g/dl and normal values of C-reactive protein
(<0.5mg/dl).

Conditions requiring withdrawal from the present study
included malnutrition, dialysis initiation, development of
other serious medical conditions (myocardial infarction,

acute myocardial ischaemia, presentation for congestive
heart failure, stroke, successful resuscitation following
cardiac arrest, coronary and peripheral revascularization
procedures) and death.

The need to start dialysis was not strictly defined,
however, since this was a monocentric study, the criteria
were those in use in our centre and were homogeneous for
both groups studied (eGFR-MDRD¼ 6ml/min, hyperkalae-
mia, intractable ECV overload and hypertension, weight loss
or other evidence of malnutrition) [24].

Assigned for elegibility (n=753) 

Excluded: 
Not meeting inclusion  
criteria (n=230)

Refused to partecipate 
(n=15)

Urinary protein excretion 
>5g/day (n=31) 

Pregnancy (n=3) 

Not a stable renal function 
(n=37)

Immunosuppressant drugs 
(n=7)

Malignant disease (n=7)

Randomized (n=423) 

Allocated to 0.8g/kg/day
(n=211) 
Received allocated
intervention (n=211)

Allocated to 0.55g/kg/day
(n=212) 
Received allocated
intervention (n=212) 

Lost to follow-up (n=3);  
Discontinuated intervention:  
Start of dialysis (n=5)
Death (n=4)

Analysed (n=200)

Lost to follow-up (n=6); 
Discontinuated intervention:
Start of dialysis (n=7)
Death (n=6)

Analysed (n=192) 

Fig. 1. Patient flow diagram, indicating selection and discontinuation, according to groups.
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Statistical methods

Analyses and data presented are based on an intent-to-treat
approach, with all being analysed in the diet-group to which
they were randomized. In addition, a per-protocol analysis
was performed for patients who achieved in each diet group
our pre-defined compliance parameters. The primary out-
come of the study was the modification of serum urea
nitrogen (SUN) concentration, although additional meta-
bolic markers (serum bicarbonate, serum phosphate and
parathyroid hormone levels) were investigated. In fact, SUN
concentration is correlated to several compounds that
accumulate in renal failure and represent potential uraemic
toxins, therefore SUN is recognized as a valid surrogate
molecule for uraemic morbidity [25].

On the basis of our primary outcome, SUN, we estimated
that a sample size of 37 patients in each treatment arm would
have 90% power to detect a difference in means of 15mg/dl
(25% difference given an average value of 60mg/dl),
assuming a similar SD of 20mg/dl, on the basis of a
two-group t-test with a 0.05 two-sided significant level.
Considering an estimate of compliance of 20%, for patients
assigned to the lower protein intake (0.55 g/kg/day), as from
our previous experience [26], and a drop-in rate of at
least 10%, the total number of patients to study was 37� (1/
0.2)� 1/0.9)� 2 or 420 (Figure 1). Therefore, 210 patients
were randomized in each arm in order to obtain at least
40 patients able to strictly adhere to the lowest protein intake.
Furthermore, we hypothesized that this number of patients
would have guaranteed a sufficient number of events in order
to analyse, in an extension study, the mortality and the
cardiovascular outcome of compliant vs non-compliant
patients.

All the laboratory data are expressed as mean� SD.
Multiple regression analysis (logistic regression) was
performed to identify those variables that were associated
with compliance to the assigned diet.

Between-group comparisons were made using ANCOVA
test adjusting for basal values. Multiple comparisons
were evaluated using Bonferroni’s t-test. The follow-up
trend of several biochemical parameters in the two compliant
groups was analysed using a General Linear model
for repeated measures.

Results

The 423 patients enrolled in the study were assigned
to one of the two diets with different protein content:
212 patients at the 0.55 group and 211 at the 0.8
group.

The most common renal diagnoses were glomerular
disease (24%), polycystic kidney diseases (8%),
diabetes (12%), renal vascular disease including inter-
stitial diseases (30%), other and unknown (26%).
During the study period, three patients of 0.55 group
and six of 0.8 group were lost to follow-up, 12 patients,
five from 0.55 group (one compliant patient) and seven
from 0.8 group (two compliant patients), reached
ESRD respectively and 10 died, four from 0.55 group
and 6 from 0.8 group (Figure 1).

Table 1 shows the clinical characteristics of the study
population patients in each diet group. No difference

was present in the two diet groups for the distribution
of CKD stages, renal function, age, gender and BMI
or the levels of serum albumin and C-reactive protein.
For all patients the range in the observation time was
6–18 months and there were no differences in the total
number of visits and in the number of patients
followed for 12 or 18 months. Although the progres-
sion of renal failure was not an outcome of the trial
and the power of the study was not able to detect
a difference between the two test diets, the monthly
loss of eGFR and the number of patients entering
dialysis was not different in the two groups (Table 1,
Figure 1).

In the 0.55 group, 145 patients resulted non-
compliant and 55 were compliant (27%) to the pre-
scribed test diet, on the basis of our pre-defined
parameters, while in 0.8 group, 91 were non-compliant
and 101 compliant (53%) (P< 0.05). A sub–analysis
of compliance in patients with CKD stage 4 and 5
separately showed that the adherence to the lower
protein intake (0.55 g/kg/diet) significantly increased in
patients with stage 5, still remaining, however,
significantly inferior to that of the 0.8 group
(Table 1). We investigated the correlation between the
compliance to the diet and several baseline variables:
age, gender, protein intake, diet assignment, eGFR,
haemoglobin, transferrin, BMI, primary nephropathy,
months of follow up, hypertension, number and doses
of prescribed drugs. We performed a multivariate
analysis and found that a better compliance was
associated with male gender and a dietary prescription
of 0.8 g/kg/day of proteins (Table 2).

None of the patients from both groups registered a
weight loss that reached the pre-defined malnutrition

Table 1. Clinical characteristics of the study population

All 0.55 group 0.8 group

N 392 200 192
Stage 4/5a 198/194 106/94 92/100
eGFR (ml/min/1.73m2)a,b 18� 7c 16� 6 17� 8
Loss GFR, (ml/min/month) 0.23� 0.5 0.19� 0.46 0.26� 0.47
Age (years)a 61� 18 61� 16 62� 18
Gender, (M/F) 220/172 112/88 110/82
BMIa 27.1� 4.9 27.6� 5.1 26.6� 4.1
Body weight (Kg)a

Male 77� 17 77� 17 77� 16
Female 67� 15 68� 16 65� 14

Serum albumin (g/dl)a 3.9� 0.5 3.9� 0.6 4.0� 0.5
C reactive protein (mg/dl)a 0.75� 0.48 0.77� 0.53 0.73� 0.43
Observation time

Mean (months) 13� 4 13� 4 13� 4
Patients’ (%) follow-up

6–12 months 33 35 32
13–18 months 67 65 68

Compliance to diet, N (%)
Stage 4–5 156 (40) 55 (27)� 101 (53)
Stage 4 67 (34) 21 (20)�,y 47 (51)
Stage 5 89 (44) 34 (36)� 54 (52)

aValues obtained at the time of randomization.
bGFR was estimated by MDRD equation (18).
cData are expressed as mean� SD.
�P< 0.05, significantly different from 0.8 group.
yP< 0.05, significantly different from Stage 5.
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criterion, however, although not significant, more
complaint patients (16%, eight patients) from the
0.55 group had a weight loss greater than 5%, during
their entire follow-up, than compliant patients of the
0.8 group (7%, seven patients).

Body weight, serum albumin and C-reactive protein
did not change during the follow-up in both compliant
patients: on the control and on the test diet.

Intention to treat analysis

Table 3 shows the mean values of the protein intake,
urea nitrogen, phosphate, PTH and bicarbonate
between 0.55 group and 0.8 group for the entire
period of follow-up. At baseline no differences were
found between the two groups for any of the considered
variables. Protein intake progressively decreased in
both groups: 3 months after randomization the
difference between the two groups was statistically
significant (0.72 g/kg/day vs 0.92 g/kg/day, P< 0.05)
and this difference was maintained until the end of the
trial with an average difference of protein intake in the
two groups was 0.17 g/kg/day. Therefore, even if this
difference was slightly less than that targeted, the two
groups were significantly separated in their protein
intake. Urea nitrogen showed a progressive increase
during the 18 months of follow-up but without a
significant difference between the two groups.
Phosphate, PTH and bicarbonate serum levels were
similar in the two groups throughout the entire period
of follow-up. Comparing the basal values with those

during the follow-up, all these metabolic parameters
increased, except PTH levels that decreased in the 0.55
group and serum bicarbonate that significantly
decreased in the 0.8 group.

As we expected, the intention to treat analysis did not
show any difference between the two diet groups
studied. Since the purpose of this study was to evaluate
the efficacy of twodifferent dietary protein intakes in the
metabolic control of renal failure and in targets
achievement, a ‘per protocol’ analysis of the data was
also performed. Patients were included in the compliant
group for each of the two prescribed diets, after checking
for the adherence to the assigned diet and the constancy
of the protein intake.

Per protocol analysis

To gain a better insight in the comparison of the two
groups, we compared the serial measurements of
clinically relevant markers of CKD management only
in compliant patients of both groups, as shown in
Figures 2 and 3. Figure 2A shows the values for SUN
in compliant patients, that, similar at the time of
randomization, significantly increased in the 0.8 group
as compared with the 0.55 group, with an average 15%
difference between the two groups during the 18
months of follow-up. Figure 2B, C and D show that
compliant patients during the study period had values
of serum phosphate, parathyroid hormone and bicar-
bonate within the predetermined range with similar
values in the two groups.

Figure 3 shows the variations of urinary excretion
for compliant patients of both groups: there were
significant differences in urea nitrogen, creatinine,
phosphate and sodium excretion (Figure 3A, B and
C, respectively). The values of urinary urea nitrogen,
similar at the time of randomization diverged sig-
nificantly, during the 18 months of follow-up, with a
steep decrease in the first 3 months in compliant
patients of the 0.55 group. A similar behaviour was
found for urinary excretion of creatinine, sodium and
phosphate (Figure 3B, C, D). During the 18 months of
follow-up the mean protein intake for the two
compliant groups was 0.51� 0.05 for 0.55 group and
0.79� 0.06 for 0.8 group (P< 0.05).

Table 2. Variables associated with compliance to the assigned diet in
multivariate regression

Variablesa in the equation b P-value

Diet assignment (0.55 g/kg/day) �0.483 0.001
Age 0.005 0.872
eGFR (ml/min/1.73m2) �0.098 0.071
Haemoglobin 0.264 0.211
Transferrin 0.004 0.656
BMI �0.221 0.187
Protein Intake (g/kg/day) 2.581 0.365
Gender (male) 2.181 0.024

aAll data refer to baseline values.

Table 3. Main metabolic parameters of patients assigned to the two diet groups (Intention to treat analysis)

Protein intake (g/kg/day) Urea Nitrogen (mg/dl) Phosphate (mg/dL) PTH (pg/ml) Bicarbonate (mEq/l)
Group 0.55 Group 0.8 Group 0.55 Group 0.8 Group 0.55 Group 0.8 Group 0.55 Group 0.8 Group 0.55 Group 0.8

Baseline 0.97� 0.13 0.95� 0.08 44� 20 45� 14 4.2� 1.0 3.8� 0.7 288� 189 280� 176 23.8� 3.2 25.1� 3.9
M 3 0.72� 0.09# 0.92� 0.12 45� 16 49� 17 4.3� 0.9 3.9� 0.6 262� 116 232� 163 23.6� 3.8 24.2� 3.2
M 6 0.76� 0.15# 0.84� 0.06 48� 16 56� 19� 4.3� 0.9 4.2� 0.6 234� 199 189� 158� 23.4� 3.6 23.2� 3.1�

M 9 0.68� 0.14# 0.83� 0.07 53� 17� 60� 18� 4.6� 1.1� 4.6� 0.6� 195� 191� 198� 181� 23.2� 2.9 22.6� 4.0�

M 12 0.63� 0.13# 0.88� 0.06 58� 16� 62� 22� 4.6� 0.9� 4.6� 0.8� 182� 168� 186� 159� 23.4� 3.1 22.2� 3.9�

M 15 0.71� 0.14�# 0.89� 0.08 58� 16� 62� 22� 5.0� 1.1� 4.9� 0.7� 190� 171� 243� 197 23.1� 3.4 22.5� 4.1�

M 18 0.71� 0.12�#o 0.86� 0.05� 66� 15� 68� 23� 5.2� 1.2� 5.1� 0.7� 204� 189� 236� 178 23.5� 3.0 22.1� 4.0�

M, month;
Note. To convert urea nitrogen in mg/dl to mmol/l, multiply by 0.357; to convert Phosphate in mg/dl to mmol/l, multiply by 0.3229.
�P< 0.05 significantly different from baseline; #P< 0.05 significantly different from 0.8-group; oP< 0.05, trend of 0.55-group significantly
different from 0.8-group.

640 B. Cianciaruso et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/23/2/636/1851061 by ASST N

ord M
ilano user on 23 O

ctober 2021



In Table 4 are listed the classes of drugs that were
prescribed to the patients and the percentage of
patients, from each diet group, that received them
during the follow-up. The comparison between com-
pliant patients of the two groups showed that the
prescription of phosphate binders, allopurinol, bicar-
bonate supplements and diuretics resulted significantly
less frequent in 0.55 group as compared to 0.8 group.

Discussion

Low protein diet remains the mainstay of the manage-
ment of CKD patients [1–6], because of its efficacy in
preventing and correcting several clinical complica-
tions of renal failure like metabolic acidosis, secondary
hyperparathyroidism, hypertension, or insulin resis-
tance [27]. Dietary adjustments in subjects with chronic
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renal failure, however, are complex because multiple
nutrient modifications are required and changes in
lifestyle must be maintained for years. This has an
obvious negative influence on the quality of life of
patients and makes their adherence to the new
therapeutic prescriptions more difficult.

Several studies have reported that most patients with
progressive CKD spontaneously decrease the assump-
tion of nutrients reaching an amount of proteins per
day even below the limits considered ‘safe’ for uraemic
patients [28]. For this reason many guidelines suggest
to prescribe 0.75–0.8 g/kg/day of proteins to CKD
patients. Aim of this study was to verify whether a
further reduction of almost 0.3 g/kg/day may accom-
plish our goals: (a) to be reasonably accepted by the
patients, (b) to have additive beneficial impact on the
metabolic control of renal failure and (c) not to
increase the risk of malnutrition.

The difficulty to reach patients’ compliance to a
restricted diet is well known: we have previously
reported how, during 1 year of follow-up in a dedicated
clinic for renal failure, only 20% of patients did adhere
to a diet containing 0.6 g/kg/day of protein and
35 kcal/kg/day of calories [26]. In the MDRD study,
on the other hand, the compliance rate, for the patients
assigned to a 0.6 g/kg/day diet, did not exceed 35% in
study A and 46% in study B, even considering that
these data were obtained in a research setting by
voluntary patients (with free access to a dietitian) and
that the ‘adherence range’ for protein intake was quite
wide (�30%) [29]. With respect to our previous study,
the present data show a trend toward the improvement
of compliance since, over an 18-month period, 27% of
patients allocated to the 0.55 group and 53% of
patients of 0.8 group were able to follow the diet, i.e.
such percentage raises to 76% considering the patients
of 0.55 group that did not exceed 0.8 g/kg/day
(Table 3). This means that, today, a protein intake of
0.8 g/kg/day may be reached in the vast majority of
patients with advanced CKD, although the heavy
impact of the low protein diet on the quality of life of
these patients still frankly persists. It is interesting to
note that in our study male gender was associated with
better compliance to the assigned diet.

The most important point of this study was the
assessment of the metabolic status obtained with the
two diets. The two groups of patients showed a
significantly different protein intake from the third
months of follow-up. Although the statistical analysis
in the intention to treat data did not show significant
differences between the two diet groups at any of the
considered time-points (Table 3), these data deserve
some consideration. Indeed, plasma bicarbonate sig-
nificantly decreased in 0.8 group during the sixth
month and persisted low thereafter, whereas no change
was observed in 0.55 group; similarly, PTH levels
became significantly lower after the sixth month in
both groups (vs their respective baseline), but tended to
rise again after 15 months in 0.8 group, resulting
statistically similar to baseline, whereas PTH remained
significantly lower in 0.55 group throughout the study
as against the baseline values. Beyond the statistical
aspect, these data suggest that a better metabolic state
was reached in 0.55 group and, mostly, that this was
more easily maintained for the rest of the study,
considering that both groups were treated with
analogues of vitamin D and more patients of the 0.8
group needed bicarbonate supplements.

Additional information comes from the analysis of
data of compliant patients (per protocol analysis);
Figure 2, in fact, clearly shows that the primary
outcome of our study was reached in patients of 0.55
group, i.e. significantly lower levels of SUN. The
positive effects of lower SUN values in reducing
uraemic symptoms is widely recognized, since this
may allow to delay the need of dialysis, independently
from the rate of loss of renal function [2,30]. This
possibility has gained more relevance lately, as early
initiation of dialysis has not been proven beneficial
[31,32]. It is also interesting to note, that the other
‘metabolic’ blood parameters were substantially similar
in the two groups and were all maintained in a
satisfactory range for the given target, as expected to
occur in compliant patients. It must be emphasized,
however, that the overlap of these parameters was
obtained at the expense of a significantly higher use of
drugs (bicarbonate, phosphate binders, allopurinol) in
patients of 0.8 group, as shown in Table 4: this further

Table 4. Classes of drugs prescribed in the two diet groups

0.55 group 0.8 group

All Compliant All Compliant

N (patients) 200 55� 192 101
Phosphate binders 27 13� 36 32
Allopurinol 62 51� 70 68
Bicarbonate 75 68� 81 80
Vitamin D analogues 42 39 46 44
Diuretics 22 17� 28 26
N pills/daya 4.13� 1.56 3.76� 1.40� 4.97� 1.72 4.62� 1.32

Data are expressed as percentage of treated patients. Were considered all the drugs prescribed at least once during the follow-up.
aTotal number of pills prescribed, referred to the drugs listed in the table.
�P< 0.05 vs 0.8 group compliant.
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confirms that patients of 0.55 group had a better and
easier metabolic control of the disease.

Moreover, the lower intake of proteins in patients of
0.55 group was also associated with a reduced
excretion of sodium and phosphate, which clearly
indicates a lower dietary intake of both elements.
Although the average difference of sodium intake
seems negligible (averaging 30 mEq/day, which corre-
spond to a volume expansion of 200ml in the 0.8
group), it cannot be ruled out that in the long term
such a difference may have a clinical significance on
the cardiovascular outcome of these patients. Indeed,
we have previously shown in a small group of patients
with moderate to advanced CKD that salt restriction
(�12 g/day) per se was able to decrease acutely mean
arterial pressure by 10mmHg [33]. The blood pressure
control in this study was similar in both groups (data
not shown).

Despite the lower dietary intake and the use of
specific binders, however, plasma levels of phosphate
fell in the high-normal range in both groups of
patients. It is well known that serum phosphate level
is an independent risk factor for mortality and
myocardial infarction in CKD patients [34]; a recent
large, observational study has surprisingly demon-
strated that a high mortality risk was present in
patients with serum phosphate levels in the high-
normal range, and the lowest mortality risk in patients
with serum phosphate of 2.5–2.99mg/dl. According to
these data, a more aggressive use of phosphate binders
and an earlier approach to the treatment of hyperphos-
phataemia should be encouraged.

The last question of our study was the evaluation of
potential malnutrition, which still remains one of the
major concerns regarding the prescription of low
protein diets for long term, although several studies
[35–38] have shown that dietary protein restriction is
safe in patients with moderate to advanced CKD.
The nutritional parameters (serum albumin, C-reactive
protein, body weight, BMI) that were monitored in the
present study did not show any difference between
initial and final values in patients adhering to the two
test diets. In fact, BMI and body weight did not change
overtime even in patients strictly adhering to the 0.55 g
diet and body weight was always well above 100% of
DBW with both diets. To get more insight into the
individual changes, the loss of body weight >5%,
during the entire study, was investigated. In the 0.55
group a slightly higher percentage of patients lost more
than 5% of body weight (ns), indicating that some
patients with 0.55 g/kg/day of proteins require a closer
nutritional surveillance. Of note, the 24 h urinary
excretion of creatinine was significantly decreased in
the compliant patients of 0.55 group during the first 6
months of study, and remained stable thereafter. The
degree of its reduction (averaging 200mg/day vs
patients of 0.8 group) and its stability overtime
certainly suggest that this loss was related to the
lower dietary content of creatine and creatinine rather
than a loss of muscle mass [39,40]. On the other hand,
serum transferrin (data not shown) and albumin levels,

an estimate of visceral protein synthesis, were in the
normal range values and did not decrease in the two
groups during the follow-up.

Taken together, the data of the present study suggest
that the 0.55 g/day diet guarantees a better metabolic
control, as mirrored by the less frequent use of drugs,
and it is not associated with a risk of malnutrition. The
major problem that may limit the use of this diet is the
adherence of patients, which remains low and still
represents an objective worsening of the quality of life.
However, it is essential to underscore that the efficacy
of low protein diet in renal failure remains difficult to
ascertain since many confounders come into play, such
as the concurrent reduction of other nutrients (sodium,
phosphate), the different response of the original
kidney disease (APKD, interstitial nephritis), and not
least the degree of compliance to the prescribed diet.
Thus, a superior role of the lower protein diet as
compared to the 0.8 diet cannot be definitely accepted,
at least until the data on cardiovascular outcome in a
longer follow-up will be available (study in progress).
In the meantime the present study represents the first
trial that supports the K/DOQI recommendation to
prescribe a diet with 0.6 g/kg/day to CKD patients
leaving a 0.8 g/kg/day protein intake for those patients
who do not comply to this regimen [7].
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