
Abstract

The purpose of this article is to highlight some 
properties of the hypoproteic nutrition in chronic renal 
disease (CKD), which can be defined as real therapy and 
are often misunderstood. These include: preventing the 
worsening and rapid progression of residual renal function 
(RRF), delaying replacement treatment, reducing the 
production of much more toxic nitrogenous compound 
molecules, such as protein-bound uremic toxins, and 
obtaining a phosphorus balance that could lead to a 
better control of uremic osteopathy and a lower incidence 
of cardiovascular events, thus improving survival rates in 
end-stage renal disease (ESRD) patients. In turn, we 
acknowledge a new approach called “incremental 
dialysis”, which, thanks to a lower protein intake, can be 
employed with many patients with limited RRF and a good 
dietetic compliance. In our opinion, this approach must be 
mandatory applied for reducing dialysis frequency, such as 
once-weekly haemodialysis (HD), via an intervention we 
define as a combined diet dialysis programme (CDDP). 
The term incremental HD (IH) is used and often confused 
with “infrequent dialysis” by many authors who use the 
same term interchangeably for once- and twice-weekly-
dialysis without proteic diet control and too limited RRF. 
However, the milestone concepts are as follows: adopting 
a dietary hypoproteic approach is needed for medium-
advanced stages of CKD by avoiding useless and harmful 
dialysis “overdose”. Finally, in CKD nowadays, it is 
necessary to administer amino acids, while we must 
seriously consider the treatment of uremic dysbiosis, 
which heavily affects microbiota.
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Introduction
Today, the optimization of conservative treatment for CKD,

especially in the pre-dialytic stage (CKD5) [1], is a mandatory
procedure. The time to start dialytic treatment remains
debatable, but it is generally when the glomerular filtration

rate (GFR) is within a wide range (6-12 ml/min/1.73 m2).
However, dialysis should be started if the uremic symptoms
are no longer manageable, independently of the level of renal
function [2], and when uremic signs and symptoms and
comorbidities require the start of replacement therapy. The
clinical features of untreated uraemia are anorexia,
hyperazotaemia, hyperphosphataemia, metabolic acidosis,
hydro-saline retention, malnutrition etc. [3]. Furthermore, the
prescription of an hypoproteic nutrition at the CKD5 stage can
postpone the start of dialysis thanks to the better control of
uremic signs and symptoms with no risk to the patient [4,5].
The hypoproteic diet must be supported with an adequate
energy intake [6] and careful control of phosphorus intake to
avoid very dangerous levels of hyperphosphataemia, along
with a reduction of phosphorus intake to below 700-900 mg/
day, the recommended level for the general adult population
[7]. Once again, it is useful to educate patients to avoid
consuming “hidden” phosphates in the form of additives found
in preserved foods or soft drinks [8,9] by selecting foods with a
lower phosphorus content and using foods of vegetable origin,
which are known to limit net phosphorus intestinal absorption
[10]. Finally, food preparation procedures are also important
[11]; in fact, it has been well documented that reboiling food
results in demineralization, especially due to the more
effective removal of potassium, which is very dangerous for
normal cardiac functioning. Regulating sodium intake is always
essential for both hypertensive and non-hypertensive patients;
the restriction of sodium consumption to 5-6 g/day can
improve the protective functions of the renin-angiotensin-
aldosterone system (RAAS) and boost antiproteinuric action
[12]. Last but not least, it is essential to consume an adequate
energy intake (30-35 Kcal/kg/day) to avoid the catabolism of
protein used for energy production [13], as well as guarantee
the needs of essential amino acids (EEAs) in the form of
natural foods or pharmacological supplementation, which
prevent metabolic acidosis, especially when derived from
proteic hypercatabolism of muscle mass. Correction of
metabolic acidosis is therefore an essential safety measure for
defending against skeletal mineral disorders typical of CKD
[14].
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Practical Measures
Food factories are developing and improving food

production methods in order to produce several kinds of pasta
and obtain more palatable results, as well as adding substitute
ingredients such as fibres, with good results [15]. The new
nutritional regimens are proposed for CKD5 patients and
dialysis (CK5D) patients, involving a reduced protein intake
(0.3-0.6 g of protein/kg of body weight) and integrated with
the use of EAAs and ketoacids mixtures [16,7]. The very low
protein diet (VLPD) is characterized by a contribution of less
than 0.3 g of vegetable-based protein/kg of body weight
[17,18]; it can be used to motivate patients with good
compliance and a metabolic steady state [19]. But, it is very
difficult to obtain an ideal adherence to VLPD regimens and no
nutritional nephrologist team has reported know-how
methods for monitoring proteic intake using the still
trustworthy urea nitrogen appearance (UNA) method [20], nor
for calculating the protein catabolic rate (PCR) equivalent to
the real protein dietary intake with counselling or for close
nutritional monitoring by expert dieticians or skill
nephrologists in order to identify anomalies and food errors
and especially reduce the risk of malnutrition [7]. It is too
imprecise to perform measurements by looking at diet history,
24-h recall and food diaries and/or by establishing urea,
sodium and phosphorus levels from 24-h urine collection [21].
Thus, it should be amply sufficient to offer the standard low
protein diet (LPD), which is based on a supply of 0.6 g of
protein/kg of body weight. This proteic prescription could
command much more compliance and adherence among CKD5
patients. Besides, there are three particular observations
concerning CKD5D HD patients. First, on HD day, the patient
could eat a protein-free diet and receive exhaustive
information about food rich in potassium and phosphorus. On
dialysis day, the protein intake could be >1.0-1.2 g/kg/day/1.73
m2 in order to compensate for the hypercatabolism triggered
by the same HD, which is equivalent to a protein catabolic rate
of 1.4 g/kg/day/1.73 m2 [22]. Second, it is mandatory to
prescribe a standard proteic diet for all patient in the CKD3b
stage [1]. The nutritional treatment has to be strictly tailored
to each patient, meaning that it is not appropriate to prescribe
the same standardized proteic diet for everyone. Third, HD
patients experience a huge loss of amino acids by HD
especially in case of thrice-weekly HD conventional rhythms
[23]. Unfortunately, there are no studies that have proceeded
to examine, with precision, the loss of amino acids in the
dialysis liquid that exits through the filter.

The New Entry in CKD: Microbiota
In ESRD, a severe state of dysbiosis of the intestinal

microbiota occurs with functional disorders to the intestinal
thigh junction permeability. There is also a qualitative and
quantitative imbalance in the microbial flora with a decrease
in useful molecules, such as amino acids, and an increased
production of uremic toxins, such as p-cresol and indoxyl
sulphate [24,25]. Instead, these toxins could be again excreted
by RRF, although they strongly bound to circulating blood
albumin and cannot be removed by the most efficient HD

and/or haemodiafiltration. Only their free part (10%) can be
eliminated [26,27]. Thus, their great stack contributes to an
acceleration in the worsening progression of RRF and damage
to the cardiovascular system [25]. Dysbiosis of microbiota
improves by eating plants, pulses and fibres (30-40 g/day),
with careful consideration of potassium levels [28]. Therefore,
illness associated with microbiota configures a severe
malabsorption status with a great decrease in saccharolytic
fermentation and short-chain fatty acids, a reduction in
immunological defences and a high level of uremic
inflammation with increased levels of many nitrogen
compounds.

Effect of Hypoproteic Nutrition and
Residual Renal Function

According to a large number of publications, a hypoproteic
diet prevents the worsening progression of renal function in all
stages of CKD, but especially with regard to CKD5 and CK5D
patient. In addition, the reduction in protein intake is able to
reduce glomerular and tubular damage due to lowering
proteinuria [29]. In the selected group of patients with a good
metabolic steady state and an RRF of about 5-10 mL/min/1.73
m2, it is possible to start a tailored haemodialytic programme
by reducing HD rhythms and circumventing many unavoidable
pathologies caused by all extracorporeal treatments. Such
ethical procedures avoid a HD “overdose”, so there is a great
advantage in starting an “incremental HD” programme.

Incremental haemodialysis
IH [30] embraces the full range of therapeutic options

implemented with a schedule of less than thrice-weekly HD
sessions, ideally integrated with a moderately LPD. However,
incremental dialysis is a strictly implemented programme
following the assessment of the uremic status in pre-dialysis
patient settings through a synergic nephrological and
nutritional approach aimed at achieving an excellent
nutritional status and preserving diuresis with a GFR ranging
between 5 and 10 mL/min/1.73 s.q. In the 1980s and 1990s,
Giovannetti and Locatelli began the integrated dialysis dietary
programme (IDDP) among patients with a GFR<3 ml/min/1.73
m2, consisting of a weekly HD session integrated with a VLPD
equal to 0.3-0.4 g/kg/day, supplemented with EAAs and their
ketoanalogues [31,32]. Previously, the perception was that IH
was an important treatment choice for delaying the start of
dialysis in cases of certainty [33,34]. Numerous other reports
have demonstrated that duration and/or frequency of dialysis
produce(s) pro-inflammatory and pro-oxidative cytokine
stress, which leads to a reduction in RRF [35]. In 1998, a very
LPD and the inadequate adherence of selected patients
prompted Locatelli et al. to suspend the IDDP due to
malnutrition risk and signs of neurological peripheric
disorders, as well as a drop-out rate of 66.6% [36]. Informed by
these clinical experiences and identifying the shortcomings of
the IDDP, we set up a study group with a different approach,
known as the combined diet dialysis programme [37]. From
1998 onwards, about 160 patients have been treated. The
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CDDP modifies some aspects of the IDDP. First, the protein
intake was raised from 0.3-0.4 to 0.6 g/kg/day with a free diet
on dialysis day. Second, we recruited patients with a higher
glomerular filtrate from <2.5 values to 5-10 ml/ min/1.73 m2.
Third, an estimation of dietary compliance was carried out
using the nitrogen appearance area formula [20], while RRF
was checked on average across three weekly urine collections.
Fourth, we used the mean clearance of urea and creatinine to
estimate a value that was much nearer to real RRF. In a
controlled, non-randomized study, significant advantages of
the CDDP were shown when compared with patients who
received HD three times a week, based on a significant
reduction in β2-microglobulin and better phosphataemia
control, as well as especially showing a better preservation of
residual diuresis [38]. At 24 months, the cumulative survival
rate among the 38 patients on the CDDP and the 30 on the
standard thrice-a-week HD schedule was identical.
Subsequently, at 96 months of follow-up, the same remaining
patients showed a higher cumulative survival rate in the CDDP
(p<0.05), highlighting a significant saving in terms of indirect
costs (hospitalizations) and a reduction in direct costs by 75%
[39,40]. Thus, the CDDP in selected cooperative patients may
be the best “bridge” option to starting an incremental HD
programme.

Limiting damages by protein-bound toxins and
hyperphosphataemia

The hypoproteic nutrition approach, alongside RRF, leads to
less intake, less production and greater output of numerous
toxin compounds in CKD5 and CKD5D patients. Table 1 shows
a list of the molecules that can be limited [41].

Table 1: List of toxins per class.

Small Compounds Protein Bound
Compounds

Middle Molecules

Guanidine
compounds

AGEs Adrenomedullin

Guanidinosuccinic
acid

AOPPs Adiponectin

Methylguanidine CMPF Angiogenin

Guanidine Cresols Atrial natriuretic
peptide

Creatine p-cresyl sulfate β2-microglobulin

Guanidino acetic acid p-cresyl glucuronide β-endorphin

γ-Guanidino butyric
acid

Hippurates β-lipotropin

ADMA Hippuric acid Cholecystokinin

SDMA p-hydroxy hippuric acid Complement factor
D

Oxalate hydroxy hippuric acid Complement factor
Ba

Phenylacetylglutamat
e

Homocysteine Cystatin C

Methylamines Indoles Interleukin-1β

Monomethylamine Indoxyl sulfate Interleukin-18

Dimethylamine Indoxyl glucuronide Interleukin-6

Trimethylamine Kynurenine Tumor Necrosis
Factor-α

Trimethylamine-N-
Oxide

Kynurenic acid Interleukin-8

Sulfuric compounds Phenols Interleukin-10

Lanthionine Phenyl sulfate Endothelin

Myoinositol Phenyl acetic acid FGF-23

2PY Quinolinic acid Ghrelin

Polyamines  Glomerulopressin

Acrolein  Immunoglobulin
light chains

Putrescine  Lipids and
lipoproteins

Spermine  Leptin

Spermidine  MCSF

Urea  Methionine-
enkephalin

Carbamylated
compounds

 Neuropeptide Y

Cyanate  Retinol Binding
Protein

Ammonia  Parathyroid
hormone

Uric acid  Pentraxin-3

Xanthine  Peptide YY

Hypoxanthine  Prolactin

These protein-bound uremic toxins can cause endothelial
damage, have a direct toxic effect on the renal tubule, activate
the RAAS, increase insulin resistance, provoke the apoptosis of
different renal cells prior to renal fibrosis, trigger oxidative
stress and cause cardiac apoptosis [42]. Furthermore, in the
last few years, direct phosphorus toxicity has been
underestimated. Direct hyperphosphataemia toxicity
significantly correlates with cardiovascular mortality in ESRD
and CKD5D patients but its direct action on the kidney cannot
be overlooked. The leading causes of kidney damage have long
been acknowledged as being largely correlated with the
calcification of renal microcirculation and consequent tubular-
interstitial lesions. The latter is also due to the presence of
high levels of hydroxyapatite crystals in the intraluminal and
tubular renal tissues, particularly the cortico-medullary
junction. These severe lesions by phosphorus have been
known since the 1980s [43].

Incremental HD on a once- to twice-weekly basis, thanks to
RRF, and the reduction in protein intake could lead to a
balance of phosphorus [44]. In conventional thrice-weekly HD
session for oligoanuric patients, there is a progressive store of
phosphate everywhere in the uremic body compartments, but
especially in all the endothelial walls.
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Action of Hypoproteic Nutrition:
Conclusive Summary

Uremic toxins, metabolic acidosis, disordered calcium and
phosphorus mineral metabolism, protein energy wastage,
progression of renal failure and general discomfort all refer to
inadequate proteic intake. In ESRD, especially in the CKD4-5
stages, and among dialysis patients, it is necessary to employ
certain procedures as follows:

1. Our ideal proteic dose prescription is 0.6 g/kg/day;
however, a primacy study is still outstanding concerning LPD
(0.6 g/kg/die) versus VLPD (0.3-0.4 g/kg/day). Compliance’s
patient could be better with an LPD.

2. It is strongly suggested to administer a mixture of amino
acids, as their absorption, metabolism and usefulness for
protein synthesis are strongly compromised in ESRD. Dialysis
patients experience a significant loss of amino acids by dialysis.
It is better use to use essential and branched amino acids.

3. The RRF is prolonged by a hypoproteic diet and the lesser
phosphate absorption of high store amounts, while toxin
molecules such as protein-bound uremic toxins are especially
diminished due to minimal RRF. Besides, limited RRF could
help to obtain a better hydro-electrolytic balance and the
cardiac overload is lighter, while kidney function is less
affected.

4. Both in CKD5 patients and dialysis patients, in order to
reduce the risk from frequent weekly treatment, it is
mandatory to prescribe a tailored hypoproteic diet. This is the
“milestone” of every kind of treatment, particularly if it
involves a reduction in salt intake by food.

5. Where possible in selected collaborative patients, it is
appropriate and ethical to start substitutive treatments in HD
or in peritoneal dialysis cases with an incremental scheme.

6. During an incremental dialytic programme, it is advised to
periodically check the UNA in order to evaluate patient
adherence and the RRF; this has to be evaluated by averaging
urea and creatinine clearances via a 24-h urine collection.

7. The time to start the treatment of intestinal dysbiosis,
which is deeply altered by the uremic milieu, has now
emerged. Relevant studies are only beginning to take place.
However, the importance of adding a good quantity of fibres
to improve diet and/or treatment with prebiotics and/or
probiotics has been recognized. More extensive studies are
needed in order establish further prevention measures for RRF
and reduce the inflammatory uremic status.
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