
Abstract. – OBJECTIVE: Patients with chron-
ic kidney disease (CKD) present a markedly in-
creased cardiovascular (CV) morbidity and mor-
tality since the early stages of the disease and a
high prevalence of malnutrition, inflammation,
and accelerated atherosclerosis. Personalized
nutritional intervention, with of a low-protein diet
(LPD), since the early stages of CKD should be
able to achieve significant metabolic improve-
ments. In our study we have verified the effects
of a personalized dietary intervention in patients
in the CKD stages 3/4 KDOQI on nutritional,
metabolic and vascular indices.

PATIENTS AND METHODS: We have evaluat-
ed renal function, lipid profile, mineral metabo-
lism, inflammatory indices, and acid-base bal-
ance of 16 patients with CKD (stages 3/4 KDO-
QI). Assessment of nutritional status, body com-
position, bone mineral density and muscle mass,
using body mass index (BMI), handgrip strength,
bioelectrical impedance analysis (BIA), and dual
energy X-ray absorptiometry (DEXA) was per-
formed. Vascular indices and endothelial dys-
function such as carotid intima-media thickness
(cIMT) and the brachial artery flow-mediated di-
lation (baFMD) were also analyzed.

RESULTS: After dietary interventions, we ob-
served a significant increase in plasma bicar-
bonate (p = 0.004) and vitamin D levels (p = 0.03)
and a concomitant significant reduction of phos-
phorus concentration (p = 0.001) and C-reactive
protein (CRP) (p = 0.01).

CONCLUSIONS: Nutritional intervention po-
tentially plays a major role in reducing the pro-
gression of CKD and systemic complications of
predialysis patients. A low-protein diet (LPD) en-
suring vegetable protein intake and a reduced
amount of specific micronutrients should be rec-
ommended to stage 3/4 CKD patients in order to
ameliorate metabolic profile, renal outcome, and
reduce cardiovascular risk factors.
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Introduction

Patients with chronic kidney disease (CKD)
have increased morbidity and mortality for cardio-
vascular diseases (CVD)1,2. Although traditional
risk factors are common among these patients,
they can only in part explain the increased suscep-
tibility to CVD. Patients during CKD present in-
creased catabolic state especially in peripheral tis-
sues, such as skeletal muscle. Malnutrition nega-
tively impacts on patients’ outcome by accelerat-
ing atherosclerosis and by increasing susceptibility
to infections3-6. Low-protein diet (LPD) to main-
tain optimal nutritional status was suggested as a
therapeutic measure in CKD by Beale in 18697

and by Giordano and Giovannetti8,9 showing that
LPD was able to amiliorate uremic symptoms, in
order to delay the initiation of dialysis, positively
influencing patients’ quality of life and reducing
midterm mortality. The effects of LPD on CKD
progression remained uncertain10-14.

LPD determines positive effects on secondary
hyperparathyroidism, insulin resistance, hyperlipi-
demia, arterial hypertension, and acid-base bal-
ance9. Moreover the strict clinical monitoring dur-
ing LPD administration may reduce the risk of de-
veloping negative effects on nutritional status.
LPD should be pleasant, varied, not too restrictive,
and tailored to patients’ habits, because the modi-
fication of dietary habits entails a major change in
lifestyle. Regarding protein intake, a threshold of
with estimated Glomerular Filtration Rate (eGFR)
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for starting a LPD has not been defined yet. The
common opinion among nephrologists and nutri-
tionists is to start a LPD when eGFR is below 60
ml/min/1.73 m2 (CKD stage 3). Indeed, a LPD is
effective in reducing the levels of both phosphorus
and parathyroid hormone15-17. However, the first
aim of the nutritional intervention in CKD is the
early and strict restriction of energy, salt, and satu-
rated fat intake9,15, because arterial hypertension,
overweight, and obesity are highly prevalent from
the initial stages of the disease and these condi-
tions are associated with CKD progression. In-
deed, it has been demonstrated that LPD improves
lipid profile by reducing lipoprotein AI and the
Apo-AI:Apo-B ratio10,16-17.

In addition, a link exists between nutritional
intervention, based on reduced salt and phospho-
rus intake, and cardiorenal protection18-20. Short-
term studies have shown that dietary phosphate
reduction effectively decreases phosphate-regu-
lating hormone fibroblast growth factor (FGF)-
23, which may directly cause left ventricular hy-
pertrophy. Moreover, Yamamoto et al21 have
shown that higher serum phosphorus intake is as-
sociated with higher left ventricular mass.

Metabolic acidosis is present in the majority of
patients with glomerular filtration rate (eGFR) be-
low 20-25% of normal22-24 and its degree generally
ranges from mild to moderate. Experimental and
clinical studies have shown that chronic metabolic
acidosis, even when mild, determines several nega-
tive effects on organ function, including muscle
wasting, bone disease, impaired growth, impaired
insulin sensitivity, and progression of renal fail-
ure22,24-26. Metabolic acidosis directly stimulates
bone resorption, inhibits bone formation and vita-
min D production, and affects the stimulation of
parathyroid hormone or alters its end-organ re-
sponsiveness. Therefore, acidosis can be a contrib-
utory factor in the development or exacerbation of
bone metabolic and functional alterations27-31.

Aim of the present study was to evaluate the
effects of a personalized nutritional intervention
in patients with CKD (stage 3/4, KDOQI) on nu-
tritional and metabolic markers and on vascular
indices.

Patients and Methods

The Clinical Research Ethics Committee of
the University Hospital Policlinico Umberto I,
Sapienza University of Rome, Italy, approved the
study protocol.

Study Design
This is an interventional, single-center study

performed over a period of 16 months (from July
2011 to November 2012). The clinical and labo-
ratory parameters and instrumental data were
evaluated at baseline (before administration of
LPD) and subsequently at 3, 6, and 12 months.
We performed a complete physical examination
and complete nutritional assessment, including
weight, height, body mass index (BMI) and body
composition.

Inclusion Criteria
Patients aged > 18 years, CKD 3/4 stage, 60

ml/min ≤ eGFR ≥ 15 ml/min were enrolled.

Exclusion Criteria
Patients affected by neoplastic diseases, renal

artery stenosis, liver disease, human immunodefi-
ciency virus (HIV) and with polycystic kidney
disease were excluded. Patients who had already
followed a LPD were also excluded.

Diet
A trained renal dietician elaborated the person-

alized nutritional therapy for each patient. Diet
was characterized by reduced protein intake and
by an appropriate caloric intake, according to
KDOQI guidelines32, and by a controlled intake
of calcium, phosphorus, sodium and potassium.
Adherence to the diet during outpatient visits was
verified every 3 months by the assessment of uri-
nary nitrogen.

Laboratory Measurements
Blood was drawn in the morning after an

overnight fasting of at least 12 h. In all pa-
tients, the levels of fasting plasma glucose, to-
tal serum cholesterol, triglycerides, high-densi-
ty lipoprotein (HDL), low-density lipoprotein
(LDL), creatine phosphokinase (CPK), creati-
nine, nitrogen in the blood, serum calcium,
phosphate, albumin, prealbumin, serum elec-
trolytes, erythrocyte sedimentation rate (ESR),
and C-reactive protein (CRP) were measured
using standard automated techniques. Vitamin
D (as 1,25-dihydroxyvitamin D (1,25(OH)
2D3) was measured using radioimmunoassay.
PTH was measured using a two-site assay that
measures “intact” hormone (iPTH). Arterial
blood gas (ABG) analysis was performed using
a blood gas analyzer (Nova Phox Plus C). Thy-
roid function test was done using chemilumi-
nescent assays for thyroid stimulating hormone
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(TSH), triiodothyronine (T3), and thyroxine
(T4). Urinary protein and nitrogen were as-
sessed with collection of 24-h urine.

Vascular Assessment

Flow-Mediated Dilation Brachial Artery
(baFMD)

According to the method described by Celerma-
jer et al33 the endothelium-dependent vasodilation
(FMD) of the brachial artery was assessed using
high-resolution ultrasound. Patients were studied
by a single investigator and Toshiba Aplio XV
(Toshiba American Medical Systems, Inc., Tustin,
CA, USA) equipped with a 5- to 12-MHz linear
transducer with a 0.01-mm resolution. This was
used for the ultrasonographic study of FMD, fol-
lowing a standardized vascular protocol. The
brachial artery was imaged above the antecubital
fossa in the longitudinal plane. A segment with
clear anterior and posterior intimal interfaces be-
tween the lumen and vessel wall was selected for
continuous 2D gray-scale imaging. To create a
flow stimulus in the brachial artery, a sphygmo-
manometric cuff was initially placed on the fore-
arm. Typically, the cuff was inflated to at least 50
mmHg above the SBP to occlude the arterial in-
flow for a standardized length of time. The release
of the occluding cuff resulted in reactive hand hy-
peremia and an associated increase in blood flow
through the brachial artery, which induced shear
stress on the arterial wall and provided a stimulus
for endothelium-dependent dilatation. Brachial
artery diameter following reactive hyperemia was
recorded for 5 min after tourniquet release. Flow-
mediated dilation was typically expressed as the
change in poststimulus diameter as a percentage
of the baseline diameter31.

FMD = [(diameter post-hyperemia − basal di-
ameter) / basal diameter] × 100. The values of
FMD were considered normal if they were
greater than 10%.

Carotid Intima-Media Thickness
Assessment (cIMT)

At 0, 3, 6, 9, and 12 months, right (R) and left
(L) carotid ultrasound was blindly performed by
an experienced sonographer who was unaware of
the characteristics of the subjects under examina-
tion. Participants were studied with the high-res-
olution B-mode ultrasound machine Toshiba
Aplio XV (Toshiba Aplio xV, Toshiba American
Medical Systems, Inc., Tustin, CA, USA)

equipped with a 5- to 12-MHz linear transducer
with a 0.01-mm resolution, following a standard-
ized vascular protocol. Three different longitudi-
nal views (anterior oblique, lateral, and posterior
oblique) and a transverse view were obtained.
cIMT was measured at three points on the far
walls of both left and right distal common carotid
arteries, carotid bulb, and the proximal portion of
the internal carotid arteries. Images were cap-
tured in end diastole triggered by electrocardio-
graphic recording. The mean IMT was computed
as the average cIMT on both sides. The value of
cIMT was considered normal when between 0.55
and 1 mm34.

Anthropometric Assessments
Body weight was determined to the nearest 0.1

kg using a calibrated digital scale. Body mass in-
dex was calculated from patient’s weight and
height (weight (kg) / [height (m)]2.

Bioelectrical Impedance Analysis (BIA)
A noninvasive method to monitor body fluid

variation is the bioelectrical impedance analysis
(BIA, Akern, Florence, Italy). In particular, mul-
tifrequency bioelectrical impedance analysis
(MF-BIA) measures total body water and com-
partmental volumes by passing a series of differ-
ent electrical currents and electrical frequencies
through the body. Bioimpedance analysis was
performed using an impedance plethysmograph
that emits an 800-µA, 50-kHz alternating current.
Measurements were taken with subjects being in
a supine position for 5 minutes, according to the
manufacturer’s guidelines. The analysis of the
entire body involves the placement of two elec-
trohydraulic injectors at the back of the hands
and feet at the distal ends of metacarpals and
metatarsals, and two measuring electrodes were
placed on the dorsal surfaces of the wrists and
ankles. Then, we proceed recording the imped-
ance, resistance, reactance, and phase angles and
the subsequent transformation into estimates of
lean body mass, cell mass, and body water.

Handgrip Strength
The handgrip strenght is the assessment of

muscle mass function by means of the hand dy-
namometry. It is based on the determination of
the strength of the finger flexor muscles per-
formed with the use of a dynamometer. The
handgrip strength is evaluated in the upright po-
sition, with the dominant arm held away from the
body and, at the request of the examiner, exerts
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the maximum force of contraction of the hand.
The test is repeated 3 times, with a minimum in-
terval of 5 minutes between each test.

Dual-energy X-ray Absorptiometry
Body fat, lean body mass and bone mineral

density (BMD) were measured by Dual-Energy-
X-Ray Absorptiometry (DEXA) (Hologic 4500
RDR), with coefficient of variation of < 1% for
bone density and < 1.5% for fat mass35.

Statistical Analysis
Data management and analysis were per-

formed using IBM® SPSS® Statistics 17 for
Windows® software (SPSS Inc., Chicago, IL,
USA). The normality of variables was tested us-
ing the Shapiro-Wilk method for normal distrib-
utions. Categorical variables were expressed as
number (percentage). All variable are expressed
as mean ± standard deviation. Friedman Analy-
sis of Variance or Repeated Measures ANOVA
were used to test the equality of means. A prob-
ability value of p < 0.05 was considered statisti-
cally significant.

Results

Patients’ Characteristics
Sixteen consecutive patients (10 female and 6

male subjects, mean age of 47.8 ± 8.4 years) with
CKD (stages 3/4, 60 ml/min ≤ eGFR ≥ 15 ml/min,
according to the KDOQI guidelines) were en-
rolled. The eGFR was calculated using the abbre-
viated Modification of Diet in Renal Disease
(MDRD) formula43. Fifteen patients were suffer-
ing from hypertension with good control of blood
pressure and 4 patients were affected by diabetes
mellitus with good control of blood glucose levels.
Ten patients were taking ACE inhibitors, 9 pa-
tients were taking angiotensin receptor blockers
and 4 of them taking double blockade. Therapy
was not changed during the follow-up period.

The characteristics of the personalized nutri-
tional therapy are summarized in Table I.

The anthropometric, biochemical and instru-
mental parameters of the patients enrolled are
shown in Table II. There were no significant dif-
ferences in serum glucose, sodium, potassium,
calcium, hemoglobin, and urinary proteins during
the entire follow-up. Out of the 16 patients en-
rolled, 14 patients completed the follow-up at 12
months, and 2 patients completed the follow-up at

6 months and 9 months (1 patient because of preg-
nancy and 1 patient because of an acute coronary
syndrome). The biochemical, metabolic, inflam-
matory and instrumental parameters analyzed dur-
ing the follow-up are shown in Table III.

In particular, urinary nitrogen remained stable
in all patients indicating a good compliance to the
LPD. The blood urea nitrogen and proteinuria sig-
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Energy 27.78 ± 3 Kcal/Kg /day
Protein 0.7 ± 0.1 g/Kg Ideal Body Weight/day;

50% high biological value including
protein-free food products

Phosphorus ≤ 1000 mg/day
Potassium Individualized according to patient’s

potassium levels
Sodium 2-5 g/day
Calcium* Supplementation 500 mg/day with

calcium carbonate

Table I. Personalized nutritional therapy.

*According to patient’s needs.

Population

Male n (%) 6 (37.5%)
Age (year) 47.8 ± 8.4
Body mass index (kg/m2) 29.9 ± 7.4
Hb (g/dL) 11.6 ± 3.2
Serum Creatinine (mg/dL) 2.2 ± 0.4
Blood urea nitrogen (mg/dL) 97.3 ± 39.4
eGFR (mL/min/1.73 m2) 33.0 ± 5.8
Serum Uric Acid (mg/dL) 6.1 ± 1.6
Homocysteine (µmol/L) 28.9 ± 16.3
Calcium (mg/dL) 9.6 ± 0.8
Phosphorus (mg/dL) 4.1 ± 0.4
iPTH (ng/L) 58.3 ± 32.7
1.25(OH)2D3 (ng/mL) 23.6 ± 13.2
ESR (mm/h) 17.1 ± 9.8
CRP (mg/dL) 0.2 ± 0.2
Proteinuria (g/24h) 0.60 ± 0.70
pH 7.39 ± 0.04
HCO3¯ (mmol/L) 21.1 ± 3.3
BE (mmol/L) -3.4 ± 3.2
cIMT (mm) 0.88 ± 0.22
RRI 0.68 ± 0.12
FMD (%) 16.7 ± 7.7

Data are show as mean ± standard deviation or number (%).
Abbreviations: Hb: Hemoglobin; eGFR: estimated Glomeru-
lar Filtration Rate; iPTH: intact Parathyroid Hormone;
1,25(OH)2D3: 1,25-dihydroxyvitamin D; ESR: Erythrocyte
Sedimentation Rate; CRP: C-Reactive Protein; BE: Base
Excess; cIMT: carotid Intima Media Thickness; RRI: Renal
Resistive Index; FMD: Flow Mediated Dilation.

Table II. Patients’ characteristics at baseline.



nificantly decreased in all patients and eGFR re-
mained stable (Table III). Serum albumin (g/dL)
and total proteins (g/dL) levels remained stable
during the follow-up (baseline: 4.5 ± 0.4; 12
months: 4.7 ± 0.5; p = n.s.) (baseline: 7.4 ± 0.43,
12 months: 7.3 ± 0.37; p = n.s.; respectively). We
also observed a reduction, although not statistical-
ly significant, in total cholesterol (mg/dL) (base-
line 176.3 ± 37.5; 12 months 159.3 ± 26.2; p =
n.s.) and in HDL cholesterol (mg/dL) (baseline
47.2 ± 18.5; 12 months 52.9 ± 26.6; p = n.s.), and
triglycerides levels (mg/dL) did not differ in all
patients before and after dietary intervention
(baseline 126.6 ± 43.8; 12 months 100.2 ± 36.7; p
= n.s.). Regarding the blood gas parameters, we
did not observe pH changes, although a statistical-
ly significant increase in serum bicarbonate levels
was shown (Table III). Serum calcium levels re-
mained stable during the follow-up and iPTH val-
ues increased at 12 months, although not signifi-
cantly (Table III).

Phosphorus concentrations significantly re-
duced, whereas 1,25(OH)2D3 significantly in-
creased. Moreover at the end of the follow-up,
CRP levels were significantly reduced (Table III).

The anthropometric parameters were stable
throughout the entire follow-up [BMI (kg/m2):
baseline 29.9 ± 7.4; 12 months 28.4 ± 4.8; p =
n.s.). Moreover, cIMT and brachial artery FMD

remained stable during the 12-months follow-up
(Table III). No significant changes in muscle
strength and body composition were observed dur-
ing the entire follow-up (data not shown).

Discussion

Patients with CKD present an increased cata-
bolic and inflammatory state with loss of proteins
from muscles and other tissues, presenting a high
risk of developing malnutrition and atherosclerosis
and a high risk for CV morbidity and mortality
since the early stages of the disease. In this light, a
tailored nutritional intervention could represent a
reliable strategy to reduce these risks36-39.

Our dietary intervention provided a low con-
centration of salt, phosphorus, and acid-inducing
dietary proteins, preferring base-inducing pro-
teins by fruits and vegetables intake. A signifi-
cant increase in the concentration of serum bicar-
bonate levels and vitamin D and a significant re-
duction of the concentration of serum phospho-
rus and inflammatory markers such as ESR and
CRP were shown. As indicated in our results,
body composition analysis revealed a non-signif-
icant reduction of fat mass but maintenance of
lean mass, even in overweight subjects in whom
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T0 T1 T2 T3 T4
(Baseline) (3 months) (6 months) (9 months) (12 months)

Serum Creatinine (mg/dL) 2.20 ± 0.38 2.14 ± 0.47 2.07 ± 0.38 2.18 ± 0.58 2.21 ± 0.68 p = 0.645
Blood Urea Nitrogen (mg/dL) 97.30 ± 39.44 66.20 ± 25.41 63.40 ± 17.53 63.30 ± 18.20 66.10 ± 23.77 p = 0.008
eGFR (mL/min/1.73m2) 32.95 ± 5.82 36.13 ± 9.09 36.25 ± 7.98 35.25 ± 9.62 35.72 ± 11.14 p = 0.394
Serum Uric Acid (mg/dL) 6.08 ± 1.57 6.58 ± 1.18 6.08 ± 0.98 6.02 ± 1.41 6.21 ± 1.50 p = 0.174
Homocysteine (µmol/L) 28.89 ± 16.30 23.03 ± 9.93 18.28 ± 5.27 16.09 ± 3.65 14.98 ± 5.26 p = 0.377
Serum Calcium (mg/dL) 9.57 ± 0.83 9.38 ± 0.91 9.45 ± 0.56 9.36 ± 0.81 9.28 ± 0.82 p = 0.411
Serum Phosphorus (mg/dL) 4.20 ± 0.38 3.98 ± 0.33 3.87 ± 0.45 3.88 ± 0.38 3.55 ± 0.30 p = 0.001
iPTH (ng/L) 58.34 ± 32.72 70.98 ± 26.46 77.82 ± 38.48 70.74 ± 21.40 78.42 ± 32.58 p = 0.453
1.25(OH)2D3 (ng/mL) 23.64 ± 13.20 22.60 ± 11.08 20.76 ± 12.41 27.64 ± 9.93 30.23 ± 11.06 p = 0.032
CRP (mg/dL) 0.18 ± 0.17 0.13 ± 0.09 0.07 ± 0.10 0.16 ± 0.28 0.12 ± 0.21 p = 0.013
Proteinuria (g/24h) 1.17 ± 1.74 0.87 ± 1.37 0.67 ± 0.95 0.53 ± 0.51 0.46 ± 0.58 p = 0.046
pH 7.39 ± 0.04 7.41 ± 0.04 7.40 ± 0.02 7.40 ± 0.04 7.39 ± 0.03 p = 0.493
HCO3¯ (mmol/L) 21.08 ± 3.30 23.76 ± 2.90 23.75 ± 1.28 24.26 ± 1.93 22.99 ± 2.60 p = 0.004
BE (mmol/L) -3.36 ± 3.19 -0.61 ± 2.97 -0.73 ± 1.29 -0.55 ± 2.10 -1.77 ± 2.47 p = 0.002
cIMT (mm) 0.88 ± 0.20 0.91 ± 0.22 0.88 ± 0.22 0.90 ± 0.21 0.94 ± 0.23 p = 0.562
RRI 0.68 ± 0.12 0.70 ± 0.11 0.65 ± 0.12 0.69 ± 0.11 0.68 ± 0.11 p = 0.763
FMD (%) 16.73 ± 7.70 14.63 ± 7.11 17.41 ± 5.31 16.08 ± 5.05 17.32 ± 5.53 p = 0.764

Table III. Biochemical, metabolic, inflammatory, and instrumental parameters during the follow-up.

Data are presented as mean ± standard deviation. Friedman Analysis of Variance or Repeated Measures ANOVA were used to test
the equalityof means. Abbreviations: eGFR: estimated Glomerular Filtration Rate; iPTH: intact Parathyroid Hormone;
1,25(OH)2D3: 1,25-dihydroxyvitamin D; CRP: C-Reactive Protein; BE: Base Excess; cIMT: carotid Intima Media Thickness;
RRI: Renal Resistive Index; FMD: Flow Mediated Dilation.
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we obtained a reduction of BMI values. We also
observed a slight but not significant improvement
in muscle strength, indicating a maintenance/in-
crease in functional muscle mass, and an im-
provement in metabolic parameters with a reduc-
tion of total and LDL cholesterol, triglycerides,
and an increase in HDL cholesterol, although not
statistically significant. In addition, there was no
reduction in serum albumin and total serum pro-
teins, and renal function remained stable with a
significant reduction of urinary protein excretion
during the follow-up. cIMT and brachial artery
FMD, early markers of atherosclerosis and en-
dothelial dysfunction, remained stable for the du-
ration of the follow-up, indicating a slowdown of
accelerated atherosclerosis, which is a common
feature in patients with CKD5.

Low-protein intake alone, although relevant,
represents only one part of the nutritional treat-
ment in CKD. Indeed, a dietetic intervention with
reduced energy, saturated fats, salt, proteins, and
specific micronutrients (phosphorus, sodium,
potassium, etc.) should be strongly recommend-
ed to improve metabolic derangements, renal
outcome, and cardiovascular risk40-42. Factors that
should be taken into consideration, as recom-
mended by the National Kidney Foundation–
KDOQI or Care of Australians With Renal Dis-
ease guidelines32,43,44, include the following: (1)
level of calcium and phosphorus control, (2)
presence of atherosclerotic vascular disease, (3)
protein intake, (4) degree of muscle wasting, (5)
presence of comorbidities, and (6) stage of renal
failure22,41,42. Moreover, the disturbances of min-
eral metabolism and increased serum phosphate
levels are associated with cardiovascular events
and mortality representing independent risk fac-
tors for mortality in patients with CKD. Metabol-
ic acidosis develops in patients with CKD sec-
ondary to reduced renal mass and inability of the
remaining nephrons to excrete the daily acid load
through ammoniagenesis and to preserve and
produce bases. Metabolic acidosis determines an
increase of muscle protein catabolism, insulin re-
sistance and reduction of protein synthesis43-44.
Protein restriction ensures a reduction of endoge-
nous production of fixed acids and studies
showed that base-inducing fruits and vegetables
reduce kidney injury and improve metabolic aci-
dosis in patients with reduced GFR (45,46). Fur-
ther studies should determine if patients with
CKD should be prescribed with alkaline diets as
part of their nutritional and metabolic manage-
ment47-50.

Normalization of serum bicarbonate concen-
trations in all patients is advisable, but bases ad-
ministration is not without possible side effetcs
and might be associated with volume overload,
congestive heart failure, exacerbation of preexist-
ing hypertension, associated with the develop-
ment of vascular calcifications22,24,30. Indeed, nor-
malization of serum bicarbonate concentrations
might promote metastatic calcification by de-
creasing the solubility of calcium phosphate.

The personalized nutritional intervention,
aimed at providing adequate intake of essential
aminoacids with proteins of high biological val-
ue, has to ensure an adequate caloric intake (30-
35 kcal/kg/d) in order to prevent the development
of malnutrition and to correct the presence of
metabolic acidosis45. Moreover, proteins type
more than total protein amount might important-
ly affect nephropathy progression10. The use of
protein-free food products may help in reducing
protein, phosphorus, and sodium intake while
supplying an adequate energy intake48. In our
study, dieteray intervention was tailored taking
into account the degree of renal dysfunction
(eGFR), BMI, and food intakes of each patient,
thus differentiating the degree of protein restric-
tion and energy intake to achieve greater compli-
ance and, consequently, a greater effectiveness of
the nutritional treatment prescribed49,50. In our
patients the urinary nitrogen remained stable dur-
ing the entire follow-up, indicating a good com-
pliance of patients to the LPD.

We enrolled a limited number of patients, not
including a control group, to observe the im-
provements obtained by a personalized nutrition-
al intervention. Our data may reflect the small
sample size and, therefore, larger randomized
controlled trials are needed to confirm our find-
ings. Also, our study is based on associations
with surrogate end points. The generated hypoth-
esis needs further prospective follow-up studies
with stronger end points to show causality.

Conclusions

In CKD, a LPD has minimal effects on the de-
cline of eGFR but it may be able to delay the
start of renal replacement therapy. The main
pathophysiological rationale for nutritional inter-
vention in CKD is to prevent the onset and to re-
duce the worsening of metabolic derangements
and to possible modify the cardiorenal risk fac-
tors associated with CKD12,24. Although a high-
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degree scientific evidence is still lacking, the ini-
tiation of a nutritional intervention is recom-
mended from the early stages of CKD, with the
progressive implementation of a LPD and in-
creasing vegetables protein intake to reduce
serum phosphorus, uremic toxins and to improve
the metabolic acidosis49. The protein-free food
products represent a very important tool for the
implementation of a LPD to ensure adequate en-
ergy supply, reducing the production of nitroge-
nous waste products46,48,50. Because obesity might
be an important factor in increasing the preva-
lence of CKD, nutritional strategies targeting
obesity might also reduce CKD progression11,51.
The results obtained in the present work high-
light the positive effects of a tailored dietary in-
tervention in CKD on several nutritional, meta-
bolic and atherosclerosis markers52.
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