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Does Low-Protein Diet Influence the Uremic
Toxin Serum Levels From the GutMicrobiota in
Nondialysis Chronic Kidney Disease Patients?

Ana Paula Black, MD,* Juliana S. Anjos, MD,† Ludmila Cardozo, PhD,† Fl�avia L. Carmo, PhD,‡
Carla J. Dolenga, MD,§ Lia S. Nakao, PhD,§ Dennis de Carvalho Ferreira, PhD,{
Alexandre Rosado, PhD,‡ Jos�e Carlos Carraro Eduardo, MD,** and Denise Mafra, PhD*

,†

Objectives: To evaluate the effects of low-protein diet (LPD) on uremic toxins and the gut microbiota profile in nondialysis chronic

kidney disease (CKD) patients.

Design andMethods: Longitudinal study with 30 nondialysis CKD patients (stage 3-4) undergoing LPD for 6 months. Adherence to the

diet was evaluated based on the calculation of protein equivalent of nitrogen appearance from the 24-hour urine analysis. Good adherence

to LPDwas consideredwhen protein intakewas from 90% to 110% of the prescribed amount (0.6 g/kg/day). Food intakewas analyzed by

the 24-hour recall method. The anthropometric, biochemical and lipid profile parameters were measured according to standard methods.

Uremic toxin serum levels (indoxyl sulfate, p-cresyl sulfate, indole-3-acetic acid) were obtained by reversed-phase high-performance liquid

chromatography (RP-HPLC). Fecal samples were collected to evaluate the gut microbiota profile through polymerase chain reaction and

denaturing gradient gel electrophoresis. Statistical analysis was performed by the SPSS 23.0 program software.

Results: Patients who adhered to the diet (n5 14) (0.76 0.2 g/kg/day) presented an improvement in renal function (nonsignificant) and

reduction in total and low-density lipoprotein cholesterol (183.9 6 48.5-155.7 6 37.2 mg/dL, P 5 .01; 99.4 6 41.3-76.4 6 33.2 mg/dL,

P 5 .01, respectively). After 6 months of nutricional intervention, p-cresyl sulfate serum levels were reduced significantly in patients

who adhered to the LPD (19.3 [9.6-24.7] to 15.5 [9.8-24.1] mg/L, P 5 .03), and in contrast, the levels were increased in patients who

did not adhere (13.9 [8.0-24.8] to 24.3 [8.1-39.2] mg/L, P5 .004). In addition, using the denaturing gradient gel electrophoresis technique,

it was observed change in the intestinal microbiota profile after LPD intervention in both groups, and the number of bands was positively

associated with protein intake (r 5 0.44, P 5 .04).

Conclusion: LPD seems be a good strategy to reduce the uremic toxins production by the gut microbiota in nondialysis CKD patients.

� 2017 by the National Kidney Foundation, Inc. All rights reserved.
Introduction

CHRONICKIDNEYDISEASE (CKD) affects the in-
testinal homeostasis because it influences the micro-

bial metabolism of the colon. This change is due to
decreased absorption of intestinal proteins, which increases
*Post Graduation Program in Medical Sciences, Fluminense Federal Univer-

sity (UFF), Niter�oi-RJ, Brazil.
†Post Graduation Program in Cardiovascular Sciences, Fluminense Federal

University (UFF), Niter�oi-RJ, Brazil.
‡Institute of Microbiology, Federal University of Rio de Janeiro (UFRJ), Rio

de Janeiro, Brazil.
§Basic Pathology Department, Federal University of Paran�a (UFPR),

Curitiba-PR, Brazil.
{Veiga de Almeida University, and Est�acio de S�a University, Faculty of

Dentistry, Rio de Janeiro, Brazil.
**Faculty ofMedicine, Fluminense Federal University (UFF),Niter�oi-RJ, Brazil.
Financial Disclosure: The authors declare that they have no relevant financial

interests.

Address correspondence to Ana Paula Black, MD, Graduate Program in Med-

ical Sciences, Fluminense Federal University (UFF), Unidade de Pesquisa

Cl�ınica, Rua Marques do Paran�a, 303, Niter�oi 24033-900, RJ, Brazil.

E-mail: apblack2013@gmail.com
� 2017 by the National Kidney Foundation, Inc. All rights reserved.

1051-2276/$36.00

https://doi.org/10.1053/j.jrn.2017.11.007

208

Downloaded for Anonymous User (n/a) at Aziende Socio Sanitarie T
October 23, 2021. For personal use only. No other uses without pe
intraluminal pH due to high ammonia concentration and
prolongs intestinal transit time.1Other factors can influence
microbial metabolism in CKD such as (1) malnutrition,
which increases the permeability of the intestinal barrier
leading to endotoxin translocation; (2) heart failure,
edemas, and oxidative stress that can reduce intestinal blood
flow; (3) constipation and uremia per se, which may trigger
intestinal barrier atrophy; and (4) increased inflammatory
processes.2,3 In fact, studies have shown a strong
association between intestinal barrier dysfunction, uremic
toxicity, and inflammation in CKD patients.4-7

All these complications can provoke a higher influx into
plasma of uremic toxins produced by the fermentation of
amino acids by gut microbiota, such as indoxyl sulfate (IS),
p-cresyl sulfate (p-CS), and indole-3-acetic acid (IAA).8-12

When tryptophan is metabolized by tryptophanase in the
large intestine by intestinal bacteria such as Escherichia coli,
this produces indole that is absorbed and metabolized in the
liver forming IS.13 Another toxin that is also produced
from tryptophan is IAA, which is metabolized to indole
directly in the intestine or in the tissue via tryptamine.14,15

When tyrosine and phenylalanine from dietary protein
reach the large intestine, they can be metabolized by
putrefactive bacteria of the intestinal microflora including
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Bacteroides, Lactobacillus, Enterobacter, Bifidobacterium, and
especially Clostridium and produce p-cresol,16,17 which is
converted to p-CS via sulfotransferase in the liver.18

These uremic toxins causemanyadverse effects inCKDpa-
tients, including inflammation, oxidative stress, and increased
mortality.16,19,20 Many strategies have been suggested to
reduce the production of uremic toxins by gut microbiota
such as pre, pro, or symbiotic supplementation, use of oral
adsorbent AST-120, and physical exercise.21,22 In addition,
as these toxins are produced by amino acids from the diet,
our hypothesis proposes that a low protein intake may
reduce the uremic toxin generation.23 It is important to
emphasize that CKD patients at stages before dialysis treat-
ment (stage 3-4) should receive a low-protein diet (LPD) pre-
scription, which is nutritionally safe and useful to protect
residual renal function.23 Therefore, the aim of this study
was to evaluate the effects of LPD on the serum levels of ure-
mic toxins and the gut microbiota profile in nondialysis CKD
patients.
Methods
Patients and Study Design
This longitudinal study consisted of 30 nondialysis CKD

patients (aged 55.56 14.5 years, 16 males, body mass index
[BMI] of 29.1 6 5.9 kg/m2), (estimated glomerular filtra-
tion rate: 35.6 6 12.2 mL/min/1.73 m2) from Renal
Nutrition Out-Patient Clinic–Federal University Flumi-
nense-UFF–Niter�oi, Brazil. Patients were included if
they were 18 years or older, CKD categories 3-4, and
without any previous nutritional counseling. Patients
with inflammatory diseases, cancer, AIDS, autoimmune
disease, liver disease or were smokers, or pregnant, and pa-
tients who had used catabolic drugs, antioxidant vitamin
supplements pre, pro, and symbiotic and antibiotics in the
last 3 months before starting this study were excluded.
The etiologies of CKD in these patients were hypertensive

nephrosclerosis (27), diabetic nephropathy (1), chronic
glomerulonephritis (1), and polycystic kidney disease (1).
The medications used during the investigation period were
angiotensin converting enzyme inhibitor or angiotensin II re-
ceptor antagonists (n5 24; 80%), diuretics (n5 14; 46.7%),
statin (n 5 12; 40%), alpha- and beta-receptor blockers
(n 5 11; 36.7%), adrenergic blocking agents (n 5 10;
33.3%), calcium channel blockers (n5 8; 26.7%), vasodilators
(n 5 2; 6.7%), sodium bicarbonate (n511; 36.7%), ferrous
sulfate (n56; 20.0%), and erythropoietin (n52; 6.7%). These
medications were not changed during the study period.
The study protocol was reviewed and approved by the

Ethics Committee of the School ofMedicine–Federal Uni-
versity Fluminense (565.857/2014), and all the patients
were asked to sign an informed consent form.

Dietary Prescription
Patients received an LPD prescription (0.6 g protein/

kg/day) and calories according to nutritional assessment
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of between 30 and 35 kcal/kg/day. Nutritional moni-
toring consultations were held every 2 months for
6 months. A survey of demographic, clinical, and the
assessment of food intake by 24-h food recall data were
carried out at the first nutritional appointment. Tubes
containing different amounts of salt and food replicas
were used to improve the accuracy of the patient’s record
as described in Mafra and Leal (2016).24 The intake of en-
ergy, macronutrients, and micronutrients were estimated
using Excel software (2010), and nutrient composition
was obtained through the Brazilian Food Composition
Table (TACO).25 To improve the adhesion to the diet, 2
culinary classes were performed with the patients, and
low protein, fat, sodium, potassium, and phosphorus rec-
ipes were used. In these classes, nutrition information was
provided, and counseling was offered.
Adherence to the diet was evaluated based on the calcula-

tion of Protein Equivalent of Nitrogen Appearance (nPNA)
from the 24-h urine analysis, which were determined by the
colorimetric method. The formula used to calculate the
nPNA was nPNA 5 (urinary urea nitrogen 1 [0.031 3
weight]) 3 6.25, where urinary urea nitrogen is (urea/
2.14 3 urinary volume).26 Good adherence to LPD was
considered when protein intake was from 90% to 110% of
the prescribed amount (0.6 g/kg/day).

Nutritional Assessment
The following anthropometric parametersweremeasured:

body weight (kg), height (m), and waist circumference (WC)
(cm). BMI (kg/m2) was calculated as body weight divided by
squared stature and used to assess the nutritional status accord-
ing to World Health Organization guidelines (2000).27 The
abdominal obesity was ranked high when the WC values
were above 80.0 cm for women and 94.0 cm for men.27

Body composition was assessed by dual X-ray absorpti-
ometry Lunar Prodigy Advanc Plus (Corp/General Electric
Madison,Wisconsin, USA). Before body composition mea-
surements, dual X-ray absorptiometry was calibrated ac-
cording to the standard procedure recommended by the
manufacturer.28

Analytic Procedures and Sample Processing
Blood samples were drawn from each subject in the

morning, after overnight fasting into a Vacutainer� tube
containing EDTA as anticoagulant (1.0 mg/mL) and
without anticoagulant. Blood was centrifuged (3500 rpm
for 15 minutes at 4�C), to obtain a plasma and serum sam-
ple, respectively, and was then placed in 1.5 mL polypro-
pylene eppendorf tubes and stored at 280�C until
required for analysis. Biochemical parameters were
measured in all patients according to standard methods in
the routine clinical laboratory. The Glomerular filtration
rate was estimated by CKD-Epi equation.29

Total uremic toxin levels (IS, p-CS, and IAA)were quan-
tified by high-performance liquid chromatography (RP-
HPLC) with fluorescent detection. Briefly, serum samples
rritoriale Nord Milano from ClinicalKey.com by Elsevier on 
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were processed as described30 and injected into a high-
performance liquid chromatography system (Shimadzu
Prominence) consisting of a Rheodyne injector (model
7125), a quaternary pump (Shimadzu LC-20AD), and a
fluorescence detector (Shimadzu RF-20A) all controlled
by LC Solution software.

The fecal samples were collected in sterile containers and
provided to the laboratory on the day of collection. Each
sample was immediately homogenized and stored at
280�C for further analysis. Samples were obtained at the
beginning and end of the 6-month experimental period.

Molecular Analysis (DNA Extraction,
Polymerase Chain Reaction of the 16S rRNA
and DGGE)

The DNA extraction from fecal samples and the
polymerase chain reaction-denaturing gradient gel
electrophoresis (DGGE) protocol using primers U968f-
GC1 (‘clip’1 50 AAC GCG AAG AAC CTT AC 30) and
L1401r (50GCG GTA TGT CAG CAA CC 30) were per-
formed following the protocol described in the previous
study.31 The cluster analysis was performed by the un-
weighted pair group method with average linkages using
BioNumerics Software (Applied Maths, Belgium).31

Statistical Analysis
Kolmogorov-Smirnov test was used to test the distribu-

tion of variables, and results were expressed as mean6 SD,
median (interquartile range), or percentage, as appropriate.
The correlations between variables were assessed through
SpearmanRho or Pearson’s coefficient correlation depend-
ing on the distribution of the sample. The differences of the
variables were analyzed using nonparametric tests (paired
tests, Wilcoxon) or parametric tests (independent samples
t test or paired samples t test). Delta value (D) was also
used to check the differences in the variables before and af-
ter intervention nutritional. Statistical significance was
accepted as P , .05, and analyzes were performed with
SPSS 23.0 (SPSS, Inc., Chicago, IL).
Table 1. Effect of LPD on Anthropometric and Food Intake Param

Parameters

Adhesion (n 5 14)

Baseline After

Age (y) 59.6 6 16.1 -
Gender (F/M) (8/6) -

% Body fat 36.8 6 6.1 36.2 6 8.2

% Lean mass 57.3 6 8.7 60.4 6 11.3

BMI (kg/m2) 28.0 6 5.0 27.6 6 5.1
WC (cm) 91.0 6 10.8 91.8 6 12.7

nPNA (g/kg/day) 0.9 6 0.3* 0.7 6 0.2

Energy intake (kcal/day) 1593.2 6 406.9 1325.0 6 300.1

BMI, bodymass index; CKD, chronic kidney disease; F/M, female/male; L
appearance; SD, standard deviation; WC, waist circumference.

Data are presented as the mean 6 SD or absolute numbers.

*P , .05 between baseline values.
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Principal component analysis was performed in Paleonto-
logical Statistics (PAST) (version 3.04) software using the
bacterial relative abundance (%) data after normalization
(x-mean/standard deviation). Significant tests for the clus-
tering of the samples in the principal component analysis
analysis was carried out in PASTusing 1-way analysis of sim-
ilarities. Data of the DGGE analysis from the BioNumerics
software were exported as band matching table and one-way
analysis of similarities analysis performed within PAST.

Results
Anthropometric, clinical, and dietary intake parameters are

shown in Tables 1 and 2. According to nPNA, 14 patients
presented good adherence to LPD, and they had no change
in anthropometric parameters, presented an apparent
improvement of renal function (nonsignificant), and
showed a reduction on total and low-density lipoprotein
cholesterol serum levels.
In the adhesion group, 35.7% of the patients were over-

weight, and 28.6% presented obesity. In the nonadhesion
group, 1 (6%) patient was underweight (BMI ,18.5 kg/
m2), 25.0% were overweight, and 44.0% presented obesity.
After 6 months, this group presented significant reduction
on % body fat, BMI, and WC (Table 1).
There was a significant reduction in p-CS serum levels in

patients with good adherence to LPD (Table 3). In contrast,
patients who did not adhere to LPD showed higher p-CS
levels after 6 months. The average number of bands accord-
ing to DGGE analysis did not change after 6 months of LPD
prescription (adhesion group: from 29.2 6 9.6 to
27.1 6 4.2, P 5 .56; nonadhesion group: from 26.1 6 6.8
to 28.3 6 5.8, P 5 .36) (data not shown). However, the
average number of bands was positively associated with pro-
tein intake (r5 0.44, P5.04) (Fig. 1). In addition, using the
DGGE technique, a change in the gutmicrobiota profilewas
observed after nutritional intervention in both groups, but it
was not possible to separate the samples in clusters due to the
low similarity between the generated profiles (Fig. 2).
eters in Nondialysis CKD Patients

Nonadhesion (n 5 16)

P ValuesP Values Baseline After

- 52.0 6 12.2 - -
- (6/10) - .8

.47 35.8 6 9.2* 34.5 6 9.6 .03

.20 60.4 6 8.9 61.7 6 9.5 .16

.35 30.1 6 6.6* 29.3 6 6.6 .02

.27 99.9 6 17.2* 96.3 6 16.2 .01

.01 0.7 6 0.2* 0.9 6 0.2 .001

.13 1627.1 6 417.2* 1316.2 6 379.7 .04

PD, low-protein diet; N, number; nPNA, protein equivalent of nitrogen
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Table 2. Effect of LPD on Biochemical Parameters in Nondialysis CKD Patients

Parameters

Adhesion Group (n 5 14) Nonadhesion Group (n 5 16)

Baseline Post P Value Baseline Post P Value

Albumin (mg/dL) 3.7 6 0.3 3.7 6 0.3 .93 3.6 6 0.3 3.6 6 0.3 .65
Potassium (mg/dL) 4.4 6 0.5 4.5 6 0.6 .43 4.3 6 0.6 4.4 6 0.5 .89

Sodium (mg/dL) 138.9 6 4.4 134.9 6 8.9 .26 136.1 6 6.8 136.3 6 12.2 .96

Phosphorus (mg/dL) 3.3 6 1.0 3.3 6 0.9 .94 2.9 6 0.3 3.0 6 0.4 .74

Urea (mg/dL) 78.2 6 30.4 62.9 6 32.5 .20 63.2 6 22.9 63.6 6 28.7 .90
Creatinine (mg/dL) 1.9 6 0.5 2.0 6 1.7 .62 2.3 6 1.1 2.3 6 1.3 .80

Uric acid (mg/dL) 6.1 6 0.8 5.7 6 0.9 .22 6.6 6 1.6 5.7 6 1.0 .02

Glucose (mg/dL) 113.3 6 70.5 87.6 6 18.7 .20 96.4 6 27.5 95.6 6 20.2 .92

GFR (mL/min/1.73 m2) 36.5 6 11.7 42.2 6 20.0 .10 34.8 6 12.8 36.9 6 15.6 .29
Total cholesterol (mg/dL) 183.9 6 48.5 155.7 6 37.2 .01 180.3 6 46.2 167.0 6 48.1 .16

HDL-C (mg/dL) 54.8 6 13.7 50.4 6 14.3 .20 47.9 6 14.3 47.6 6 12.8 .87

LDL-C (mg/dL) 99.4 6 41.3 76.4 6 33.2 .01 104.8 6 36.9 95.7 6 38.7 .17
Triglycerides (mg/dL) 145.8 6 72.0 140.5 6 109.9 .83 137.8 6 48.0 118.4 6 56.0 .31

CKD, chronic kidney disease; GFR, glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein

cholesterol; LPD, low-protein diet; SD, standard deviation.

Data are presented as the mean 6 SD.
P , .05 between baseline values.
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Discussion
The results of the present study showed significant decrease

in p-CS serum levels after 6months in patientswho presented
good adherence to LPD when compared with the patients
who did not adhere to the diet. In addition, these patients
had total and low-density lipoprotein cholesterol serum levels
reduced, whereas there was no change in nutritional param-
eters. In contrast, patients who did not adhere to LPD had a
protein intake increased, and the p-CS serum levels were also
increased, in addition, the nutritional parameters like BMI,
WC, and % body fat were reduced.
After 6 months of nutritional intervention, it was

possible to observe a change in the gut microbiota profile,
but therewas no clustering in the groups studied. However,
the average number of bands was positively associated with
protein intake. This suggests that the amount of protein
present in the diet may interfere in the composition of
the gut microbiota.
It is known that the diet has a significant impact on the gut

microbiota profile due to the different metabolic functions
required to digest the food consumed by the host.32 Besides
dietary habits, other factors can lead to intestinal dysbiosis,
such as iatrogenic factors or uremia per se. The loss of renal
function leads to urea secretion in the gastrointestinal tract
and is hydrolyzed by the urease expressed by some micro-
Table 3. Effect of LPD on Uremic Toxin Levels in Nondialysis CKD

Parameters

Adhesion Group (n 5 14)

Baseline After D

IS (mg/L) 2.5 (1.8-3.8) 2.9 (1.6-7.2) 1.0 (20.3; 2.3) .3

p-CS (mg/L) 19.3 (9.6-24.7) 15.5 (9.8-24.1) 23.8 (26.6; 0.5) .0
IAA (mg/L) 646.4 (476-1054) 571.6 (366-1125) 268.7 (2237; 111) .3

CKD, chronic kidney disease; IAA, indole-3-Acetic acid; IS, indoxyl sulfa

Data are presented as median (25th percentile, 75th percentile).

P , .05 between baselines values.
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organisms in the intestine, resulting in the formation of large
quantities of ammonia, which could affect the growth of
commensal bacteria. The use of antibiotics, metabolic
acidosis, intestinal wall edema, and the prescription of oral
iron intake to correct cases of anemia may also influence the
composition of the gut microbiota.33-35 Vaziri et al. (2013)11

identified a greater amount of bacterial operational taxonomic
units from Brachybacterium, Catenibacterium, Enterobacteriaceae,
Halomonadaceae, Moraxellaceae, Nesterenkonia, Polyangiaceae,
Pseudomonadaceae, and Thiothrix families in hemodialysis pa-
tients when compared with the control group. To correct
for interindividual variations, an experimental study was per-
formedwith rats, and a significant difference in the abundance
of bacterial operational taxonomic units between the uremic
and control rats was observed, with a decrease of the Lactoba-
cillaceae and Prevotellaceae families, confirming that the uremia
per se alters the composition of the gut microbiome.
Findings indicate that the microbiome profile might be

altered in CKD patients1,33,36 presenting a greater
quantity of potentially pathogenic and proinflammatory
bacteria, which are capable of producing uremic toxins
that in turn contribute to renal failure and cardiovascular
complications.1,37 Barros et al. (2015)31 did not find any
change in the gut microbiota profile generated by DGGE
techniques in nondialysis CKD patients compared with
Patients

Nonadhesion Group (n 5 16)

P Baseline After D P P D

0 2.9 (1.7-4.0) 3.01 (1.2-5.7) 0.02 (20.3; 1.3) .44 .8

3 13.9 (8.0-24.8) 24.3 (8.1-39.2) 8.4 (0.18; 13.1) .02 .004
6 718.6 (398-994) 783.9 (537-1105) 77.4 (2108; 322) .13 .09

te, p-CS, p-cresyl sulfate; LPD, low-protein diet.
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Figure 1. Correlation between protein intake and profile
of the microbial community of fecal samples determined by
polymerase chain reaction (PCR) and denaturing gradient
gel electrophoresis (DGGE) (r 5 0.4; P 5 .04).

BLACK ET AL212
healthy individuals, but the sequencing of the bands showed
a difference in microbiota, and negative correlations be-
tween band number and vascular cell adhesion molecule-1
correlations between band number and vascular cell
adhesion molecule 1 (VCAM-1) levels–a marker of cardio-
vascular risk–were observed.

Food intake can change the gut microbiota profile and in
recent years, few studies seem to confirm that protein
intake is related to uremic toxins production by gut micro-
biota.23,38,39 Patel et al. (2012)38 observed that high protein
intake by omnivores provoked higher urinary excretion of
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IS when compared with vegetarians, suggesting that pro-
tein intake mainly from animal sources may be responsible
for high uremic toxin production by the gut microbiota.
Wu et al. (2011)40 confirmed in their research involving

98 healthy individuals that an LPD interferes in human
health by modulating the composition of the gut micro-
biota. After collecting stool samples and DNA samples
and analyzing 16S rDNA gene segments by 454/Roche
pyrosequencing, a predominance of Bacteroides with higher
animal protein and fat intake was observed. This suggests a
Western diet and predominance of Prevotella when the diet
was rich in carbohydrates.
The hypothesis proposed by our group was that besides

protecting the renal function, LPD prescribed to nondialy-
sis CKD patients could be a good strategy to decrease the
levels of uremic toxins.23 In fact, in a very elegant study, Po-
esen et al. (2015)39 showed that tryptophan and phenolic
metabolites from the diet increased the production of ure-
mic toxins such as IS, indoxyl glucuronide, kynurenic acid,
quinolinic acid, and p-CS, concluding that the protein
intake can exert influence on gut microbiota metabolism.
Marzocco et al. (2013)41 observed that a very low-protein
diet (0.3 g/kg/day) supplemented with ketoanalogues for
nondialysis CKD patients was able to reduce IS levels. A
cross-sectional study including 40 nondialysis CKD partic-
ipants demonstrated that the dietary protein-fiber index
was associated with IS and p-CS serum levels, and these au-
thors speculated that dietary modification to lower the
protein-fiber index may contribute to decreasing these
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toxins.42However, to the best of our knowledge, there is no
study about the effects of LPD (0.6 g/kg/day) on serum
levels of uremic toxins in nondialysis CKD levels.
The LPD for nondialysis CKD patients is not a new

concept.43 Beale [1869] proposed that an LPD could
ameliorate uremic symptoms,44 and nowadays, there are
many studies that confirm the beneficial effects of
LPD.41,42,45 However, it is very difficult to perform
studies with this intervention because changing the food
habits is highly invasive and over time the participants
tend to return to their usual diets, which lead to poor
adherence to LPD.46 In addition to high protein eating
habits in North America, American nephrologists rarely
prescribe LPD (0.6 g/kg/day). Among others justifications
for nonprescription are the lack of knowledge about their
efficacy and safety, training, little experience related to
LPD, and the risk that CKD patients could develop protein
energy wasting.26 Also, in Brazil, eating habits include a
high-protein intake with an average meat intake of around
180 g/day, which also makes any LPD difficult to follow.24

Around 50% of patients in this study presented a good
adherence to the diet. In addition, it is important to empha-
size that patients who did not adhere to LPD prescription
presented a significant decrease in BMI, % fat mass, and
WC values and interestingly, a significant reduction in en-
ergy intake, which led us to believe that the focus from
nonadherent patients was to lose weight instead of protect-
ing the kidneys by LPD.
Koya et al.47 found difficulty in patients following a long-

term low-protein diet (0.8 g/kg/day); a fact that may have
contributed to the researchers finding no correlation be-
tween LPD and renoprotection. Lai et al. (2015)45 showed
results similar to those found in the present study: after
1 year with an LPD prescription for 16 nondialysis CKD
patients, they presented a reduction in BMI (nonsignifi-
cant), maintenance of serum albumin, and total serum pro-
tein levels, while the renal function remained stable.
The nutritional safety of an LPD prescription has often

been questioned, mainly as to the negative consequences
on morbidity and mortality when patients need to undergo
renal replacement therapy.48 Thus, the selection of moti-
vated patients, along with periodic follow-up by health
professionals to control the nutritional status, dietary coun-
seling, and appropriate use of medicines could be the key to
the success of treatment.46,49

This study has some limitations, since it involved 30 par-
ticipants, and only 14 of them were able to follow the diet
for the full 6 months of nutritional intervention. In fact, the
sample number may have been insufficient to determine
the effectiveness in detecting but in clustering ofmicrobiota
profile in both groups of the nondialysis CKD patients.
More detailed results on the emergence or extinction of
bacteria groups after nutritional intervention could be ob-
tained through molecular techniques such as next genera-
tion sequencing. However, it was not possible to perform
Downloaded for Anonymous User (n/a) at Aziende Socio Sanitarie Te
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this analysis. In addition, the study period may have been
too short to actually change the lifestyles of all the partici-
pants. Changing eating habit requires time, and changes in
diet can have varied effects on different people due to indi-
vidual characteristics. Further long-term intervention
studies are needed to understand the LPD effect in the kid-
ney function. However, we do not believe that these limi-
tations would have altered our main findings.
Uremic toxins are known to be negatively correlated with

kidney failure as well as increased cardiovascular risk,35,50-52

and therapeutic strategies are needed to reduce these
complications. In conclusion, this study suggests that LPD
seems to be a good strategy to reduce the p-CS serum
levels produced by gut microbiota. Diet intervention was
able to promote alteration in the gut microbiota profile in
both groups and the number of bands was positively
associated with higher protein intake, suggesting that high
protein intake is associated with an increase in the
production of uremic toxins. Therefore, new studies using
more robust techniques to detect which bacteria groups
are present in the gut of nondialysis CKD patients are
warranted to confirm the effectiveness of LPD on the
modulation of the gut microbial profile.

Practical Application
LPD prescribed for nondialysis CKD patients seems to

be an important strategy to reduce the production uremic
toxins without deleterious effect on nutritional status,
when properly monitored by physicians and nutritionists.
On the other hand, the benefits of LPD prescription in
the microbial modulation need to be better investigated
to discover its real involvement in changing of the gut mi-
crobiota composition.
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