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RESUMO

Introducao: O trato gastrointestinal humano é composto por uma comunidade
microbiana diversificada que atua no controle da saude. Estudos recentes demonstraram
que o equilibrio da microbiota intestinal ¢ afetado na doenca renal cronica (DRC),
ocasionando o quadro de disbiose intestinal. Estes estudos sugeriram uma associagdo da
disbiose intestinal com complicagdes metabodlicas como acimulo de toxinas urémicas,
progressdao da DRC, inflamagdo e risco cardiovascular. Diante disso, medidas com o
objetivo de restaurar o equilibrio da microbiota intestinal sdo sugeridas, tais como a
ingestdo oral de probidticos, mas poucos estudos t€ém abordado o efeito destes
suplementos na progressao da DRC e no risco cardiovascular destes pacientes.
Objetivo: Avaliar o efeito do consumo de probidticos em fatores associados com
progressdo da DRC e risco cardiovascular de pacientes com DRC.

Material e métodos: Trata-se de um estudo clinico controlado por placebo registrado
no Clinical Trials NCT03400228. O estudo incluiu 30 pacientes adultos com DRC nos
estagios 3 a 5 ndo em didlise, com funcdo renal estavel e proteinuria igual ou superior a
500 mg. A coleta de dados ocorreu entre novembro de 2015 até dezembro de 2017. O
protocolo do estudo constou de periodo de washout de 4 semanas e randomizagdo dos
pacientes para o grupo de intervencao (GI, suplemento com probidtico) ou para o grupo
controle (GC, maltodextrina). Foi realizado avaliagdo basal e ap6s 24 semanas de
consumo de probidtico ou placebo. Todos os pacientes receberam a orientacdo de
consumir 2 sachés por dia do probidtico ou do placebo (maltodextrina). Foram avaliadas
variaveis demograficas, clinicas, nutricionais, hdbito intestinal e exames laboratoriais

com amostras sanguineas € urinarias.



Resultados: Dos 30 pacientes incluidos, 20 completaram as 24 semanas do estudo,
sendo 10 no grupo intervencdo e 10 no grupo placebo. Ap6s o uso de probiodtico houve
aumento na taxa de filtragdo glomerular estimada (p<0,001) e diminui¢do nos niveis
séricos de creatinina (p<0,001), ureia (p=0,015), proteina C reativa (p=0,03), hormonio
da paratiredide (p=0,03) e potassio (p=0,012), em comparacdo ao grupo placebo. Os
efeitos positivos do probidtico na taxa de filtragdo glomerular estimada e na diminui¢ao
dos niveis séricos de creatinina e ureia permaneceram apds analise de regressdo
multivariada. Nao houveram diferencas significativas nos parametros urindrios entre os
grupos. Sintomas de constipacdo (p<0,001) e consisténcia fecal (p=0,016)
apresentaram melhora no grupo intervengao versus placebo.

Conclusao: A suplementagdo de probidticos melhorou os marcadores de fungdo renal e
reduziu inflamacdo, além de auxiliar na melhora dos sintomas de constipag@o intestinal

em pacientes com DRC.

Palavras-chave: Doenga Renal Cronica, Microbiota intestinal, Disbiose intestinal,

Probiodticos, Progressao da Doenca Renal, Risco Cardiovascular.



ABSTRACT

Introduction: The human gastrointestinal tract is colonized by a diversified microbial
community that acts in control of health. Recent studies have shown that intestinal
microbiota balance is affected in chronic kidney disease (CKD) leading to intestinal
dysbiosis. These studies have suggested association of intestinal dysbiosis with several
metabolic disorders such as accumulation of uremic toxins, progression of CKD,
inflammation and cardiovascular risk. Therefore, interventional measurement that
improve intestinal microbiota balance are suggested such as supplementation of
probiotics, however few studies evaluated the effect of these supplements on the
progression of CKD and cardiovascular risk in CKD patients.

Aim: The purpose of the study was to evaluate the effects of probiotic supplementation
on the factors associated with progression of CKD and cardiovascular risk in patients
with CKD.

Desing and Methods: This was a randomized, double-blind, placebo-controlled study.
Thirty patients with CKD stages 3 to 5 not on dialysis, with stable renal function and
protein-creatinine ratio > 0.50 were included. Data collection was between November
2015 and December 2017. Study protocol was 4-week washout period, patients
randomized to intervention group (IG, probiotic supplement) or control group (CG,
maltodextrin), and follow for 24 weeks. Renal function, C-reactive protein (CRP), bone
and mineral metabolism, nutritional, and lipid profile markers and intestinal habit were
measured at baseline and 24 weeks of study.

Results: From 30 patients included in this study, 20 completed the 24 study weeks, 10
in the TG and 10 in PG. After probiotic supplementation, there was increase in

estimated glomerular filtration rate (p<0.001) and decrease in serum creatinine



(p<0.001), urea (p=0.015), C-reactive protein (p=0.030), parathyroid hormone
(p=0.03), and potassium (p=0.012) levels compared to CG. The beneficials effects of
probiotics on estimated glomerular filtration rate and serum creatinine, urea, and C-
reactive protein remained after multivariate linear regression. There were no significant
differences in the urinary parameters between the two groups. Symptoms of
constipation (p<0.001) and stool consistency (p=0.016) improved in IG compared to
CG.

Conclusion: Probiotic supplementation improved markers of renal function and
reduced inflammation. In addition, it improved the symptoms of intestinal constipation

in patients with CKD.

Keywords: Chronic Kidney Disease; Gut Microbiota; Dysbiosis; Probiotics; Kidney

Disease Progression; Cardiovascular Risk.
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1. INTRODUCAO

Os probidticos sao definidos como microorganismos vivos que quando
administrados em quantidades adequadas podem apresentar beneficios a satde do
hospedeiro (1). Para ser considerado probidtico, o microorganismo devera apresentar as
seguintes caracteristicas: ser semelhante aos microorganismos humanos, ser resistente
ao suco gastrico e a bile, ter capacidade de adesdo ao epitélio, ter capacidade de
agregacdo e resisténcia a lisozima, ser resistente as condi¢des de processamento e
armazenamento e ter concentragdo adequada no momento do consumo (2,3).

A regulamentacdo brasileira sobre alimentos funcionais e probidticos foi
publicada em 2002, pela Agéncia Nacional de Vigilancia Sanitaria (ANVISA), através
da Resoluc¢ao da Diretoria Colegiada n° 2, onde a alegag¢do funcional dos probidticos
definida foi “Microorganismo que contribui para o equilibrio da flora intestinal. Seu
consumo deve estar associado a uma alimentagdo equilibrada e hébitos de vida
saudaveis” (4). Dentre os microorganismos atestados com potencial probidtico pela
ANVISA, destacam-se os géneros de Lactobacillus e de Bifidobacterium de diversas
espécies, sendo também estes os microorganismos mais utilizados em estudos
cientificos (5).

Os beneficios atribuidos ao consumo regular de probiéticos na manuten¢ao ou na
reconstituicdo do equilibrio da microbiota intestinal t€ém despertado interesse de
pesquisadores em nivel mundial. O uso de probidticos mostrou auxiliar na colonizagao
da microbiota intestinal, apresentar efeito imunomodulador (6), regular habito intestinal
com melhora da constipagdo (7) ou da diarreia (8), reduzir os sintomas de intolerancia a
lactose (9), além de contribuir no controle dos niveis séricos de colesterol e glicose

(10,11).
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Deste modo, os beneficios dos probidticos tém chamado a atencdo para o
potencial do manejo terapéutico da microbiota intestinal. Uma microbiota intestinal em
equilibrio resulta no desempenho normal de importantes fungdes fisioldgicas do
hospedeiro. Diversas patologias podem potencialmente afetar o equilibrio da microbiota
intestinal, gerando a chamada disbiose, e esta por sua vez parece estar associada ao
agravamento de diversas fun¢des do organismo podendo refletir no agravamento das
condi¢des clinicas dos pacientes (12).

Recentes achados sugerem que o equilibrio da microbiota intestinal ¢ afetado na
doenga renal cronica (DRC) e poderia contribuir para alteragdes de metabdlitos
urémicos com consequente aumento da creatinina sérica e progressao da DRC (13,14).
Até o momento, poucos sdo os estudos que avaliaram a suplementacdo de bactérias
probidticas em pacientes renais cronicos. Estes estudos avaliando a suplementacio de
probidticos em pacientes com DRC mostraram uma diminui¢do do aciimulo de toxinas
urémicas, de marcadores de inflamagao e do risco de dislipidemia (15-20).

Considerando que pacientes com DRC apresentam uma tendéncia para o
desenvolvimento de disbiose intestinal, que ¢ sugerido ser de origem multifatorial, tanto
secundaria as diversas alteragdes oriundas da perda de fung¢ao renal e uremia, como pelo
uso de multiplos farmacos e restrigdes dietéticas (14,21), parece razoavel especular que
estes pacientes possam se beneficiar de medidas que auxiliem na colonizagdo e no
reequilibrio da microbiota intestinal. Este estudo foi executado com pacientes renais
cronicos nos estagios 3 a 5 da DRC e o objetivo foi avaliar o efeito do consumo de
probidticos em fatores associados com progressdo da DRC e risco cardiovascular.

A estrutura da apresentagdo da tese segue as normas do Programa de Pos-

Graduagdo em Medicina: Ciéncias Médicas, da Faculdade de Medicina, da Universidade
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Federal do Rio Grande do Sul. Esta tese originou um artigo a ser submetido ao The

American Journal of Clinical Nutrition.
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2. REVISAO DA LITERATURA

A revisdo da literatura para o desenvolvimento desta tese objetivou rastrear todos
os estudos que avaliaram o uso de suplementos probidticos (fator em estudo) nos fatores
de progressao da DRC e nos parametros de uremia. Para tal, utilizou-se as seguintes
palavras-chave: “Chronic Kidney Disease”, “Probiotic”, “Microbiota”, “Chronic
Kidney Disease” and “Probiotic” and “Microbiota”.

A estratégia de busca da pesquisa em humanos envolveu as seguintes bases de
dados: Medical Literature Analysis and Retrieval System Online (MEDLINE) através
do PubMed, Literatura Latino-Americana e do Caribe em Ciéncias da Saude (LILACS),
Embase e Cochrane.

Quanto ao termo “Chronic Kidney Disease” até a data de 29 de setembro de
2017 foram encontrados 142015 publicagcdes no PubMed, 3276 na LILACS, 6552 na
Embase ¢ 6588 na Cochrane. O resultado da busca com a combinacdo dos termos
“Chronic Kidney Disease” and “Probiotic” and “Microbiota” foi de 29 publicacdes no
PubMed, 46 na LILACS, 4 na Embase e 4 na Cochrane.

Na tabela 1 encontra-se a estratégia de busca das referéncias bibliograficas nas

bases de dados consultadas até a data de 29 de setembro de 2017.

Tabela 1: Estratégia de busca de referéncias bibliograficas.

PALAVRAS- PUBMED LILACS EMBASE COCHRANE
CHAVE

“Chronic Kidney 142015 3276 6552 6588
Disease”

“Probiotic” 19167 384 15324 2467
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“Microbiota” 29881 940 21678 1355

“Chronic Kidney 159 40 7 9
Disease” and

“Microbiota”

“Chronic Kidney 29 46 4 4
Disease” and
“Probiotic” and

“Microbiota”

Microbiota intestinal

A superficie corporal humana é composta pelas mucosas pulmonar, oral, vaginal
e trato gastrointestinal (TGI), e nelas estdo presentes aproximadamente 1014
microrganismos, de diferentes tipos, que formam a microbiota. No entanto, a microbiota
intestinal detém cerca de 99% dos microrganismos presentes em toda a microbiota. O
trato gastrointestinal, especialmente o intestino grosso, ¢ colonizado por trilhdes de
microbios. Esta colonizag¢do intestinal inicia-se no momento do nascimento e sua
configuragdo modifica-se com o tempo de forma dindmica, influenciada por diversos
fatores como idade, sexo, etnia, dieta, estilo de vida, regido geografica e genética do
hospedeiro (22).

A microbiota intestinal em condi¢des saudaveis constitui-se de diferentes
espécies de bactérias, sendo Lactobacillus e Bifidobacterium as mais prevalentes
representando 80% da microbiota, enquanto que a Escherichia, Bacteroides, Eubacteria

e Clostridium sdo 20% restantes de bactérias do microbioma intestinal. As principais
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caracteristicas destas bactérias, independentemente do tipo, sdo sobreviver ao pH acido
do estobmago e dos sais biliares presentes no intestino, atingir os locais de acdo e nao
ocasionar nenhum risco ao hospedeiro (23).

A composi¢do da microbiota intestinal apresenta grande impacto na saude geral,
além de exercer diversas fung¢des imunoldgicas do TGI. Por isso, o equilibrio do
microbioma intestinal ¢ relacionado ao equilibrio da saide humana (14). Dentre as
influéncias da microbiota, destacam-se o impacto no estado nutricional, no metabolismo
dos carboidratos e proteinas, na degradagdo de polissacarideos de plantas nao
digestiveis, na sintese de vitaminas, na biotransformagao de acidos biliares conjugados,
na degradacao do oxalato da dieta, e até mesmo no sistema imunoldgico (24,25).

A perda do equilibrio da comunidade bacteriana intestinal com alteragdes
quantitativas e qualitativas da composi¢do e atividades metabdlicas da microbiota
intestinal, muitas vezes associada a um aumento de bactérias patogénicas, ¢ uma
condi¢do conhecida como disbiose e pode resultar em efeitos negativos a saude (26). A
disbiose parece estar associada a um maior risco de translocagdo bacteriana como
também a um aumento da fermentacdo de carboidratos e proteinas, a um desequilibrio
na formacao de proteases e acidos graxos de cadeia curta e na produgdo aumentada de
endotoxinas, sendo sugerido que estas influenciam no desenvolvimento de inflamacao,
desordens metabolicas e comprometimento do sistema imunologico (27).

Diversos estudos vém documentando a relacdo entre a disbiose intestinal e o
desenvolvimento de diversas patologias tanto relacionadas ao trato gastrointestinal
como de doengas extra-intestinal como obesidade, resisténcia a insulina e diabetes
mellitus (DM), asma, alergias, doenga cardiovascular e até mesmo cancer (28-30). Por
estas razdes, a microbiota intestinal é o microbioma mais investigado e serve de modelo

para a compreensdo das interagdes e patologias do hospedeiro-microbiota (31).
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2.2. Disbiose intestinal

A disbiose intestinal pode ocorrer por diversos fatores, como exposi¢do a
antibioticos, ingestdo de bebidas alcodlicas, inatividade fisica, estresse, predisposicao
genética, ingestdo de alimentos e bebidas com aditivos, determinados componentes
dietéticos, algumas patologias e suas possiveis interacdes (32,33). Cabe salientar que a
qualidade da dieta influencia fortemente no desenvolvimento de disbiose, uma dieta rica
em lipidios e carboidratos simples reduz espécies bacterianas benéficas e aumenta o
crescimento de bactérias potencialmente patogénicas, além de contribuir para a
obesidade (34).

Além disto, a microbiota saudavel contribui para a regulacdo da homeostase
energética e, na presenca de disbiose, podem ocorrer alteracdes da homeostase
relacionadas ao aumento da secre¢do de toxinas e incretinas, que influenciam no
desenvolvimento de resisténcia a insulina, DM, dislipidemia e obesidade (18). Foi
sugerido que este aumento de toxinas também pode contribuir com inflamacdo e
progressdo da aterosclerose através do surgimento de lesdo endotelial, alteragdo dos
monocitos, macrofagos e células musculares lisas (35).

A disbiose intestinal também tem sido associada com o desenvolvimento de
outras patologias, tais como doenca cardiovascular (DCV), doencga inflamatoria
intestinal, sindrome do intestino irritavel, esteatose hepatica e cancer (36-38). A
presenga de disbiose pode causar modificagdes na absor¢do € no armazenamento de
nutrientes, especialmente lipidios. Assim como interagir com os ‘“toll-like receptors”,
que estimulam as células hepaticas a produzir citocinas pro-inflamatdrias e participam

na patogénese da esteatose hepatica (39).
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Além destas patologias, a disbiose também ¢ relacionada a DRC, pois a presenca
de uremia, a dieta restrita em proteinas e fibras e o tratamento farmacologico podem
alterar a microbiota intestinal ocasionando acimulo de toxinas urémicas. Por sua vez,

este acimulo de toxinas colabora com o desenvolvimento de disbiose (40).

2.3. Disbiose intestinal na doenca renal cronica

Apesar do reconhecimento que o intestino, especificamente o microbioma
intestinal, possa ser fonte de diversas toxinas urémicas (41), ainda sdo poucos os estudos
avaliando a flora intestinal na doenca renal cronica e a presenga de disbiose. Hida e
colaboradores (42) avaliaram a flora intestinal de 20 pacientes renais cronicos em
hemodialise e compararam a 20 individuos controles sauddveis e observaram diferengas
qualitativas e quantitativas entre os grupos. O numero de bactérias aerdbicas tais como
as enterobacterias (Escherichia coli e Klebsiella) e os enterococos foram observadas ser
aproximadamente 100 vezes maior nos pacientes em HD comparado ao grupo controle.

Em relagdo as bactérias anaerdbicas, o nimero de bifidobactérias foi menor
enquanto que o de Clostridium perfringens significativamente maior nos pacientes em
HD. Mais recentemente, Wang e colaboradores (43) avaliaram a flora intestinal de 29
pacientes em didlise peritoneal (DP) e compararam a 41 individuos sauddveis usando
método de Reagdo em Cadeia da Polimerase (PCR) em tempo real. Todas as espécies de
bifidobacterias e a bacteria Klebsiella pneumoniae foram menos detectadas nos
pacientes em DP.

Recentemente, Jiang e colaboradores (44) avaliaram a composicao da microbiota
fecal de 52 pacientes com DRC estagio ndo em didlise € compararam com 60 controles

saudaveis também usando PCR em tempo real. A quantifica¢do absoluta de bactérias foi
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significativamente menor em pacientes com DRC (p<0.01). Escherichia coli,
Bifidobacterium, Bacteroides fragilis, Enterococcus spp., Clostridium coccoides,
Faecalibacterium prausnitzii, Roseburia spp e Prevotella foram observadas estarem
diminuidas nos pacientes com DRC estagio 5 comparado ao grupo controle.

Um interessante estudo publicado por Vaziri e colaboradores (45) avaliou fezes
de 24 pacientes em HD e de 12 individuos saudaveis usando analise de filogenética.
Eles observaram diferencas em 190 unidades taxondmicas operacionais (UTO) de
bactérias entre os grupos de pacientes e controles. Para avaliar o efeito da uremia de
outros fatores que poderiam interferir sobre a microbiota intestinal, como dieta,
farmacos e comorbidades, eles estudaram um modelo de ratos submetidos a nefrectomia
5/6 por 8 semanas. Eles também observaram uma diferenca significativa em 175 UTO
de bactérias entre os ratos urémicos e controles, sugerindo que a uremia altera a
composi¢ao do microbioma intestinal. Posteriormente, avaliando este mesmo grupo de
pacientes e controles, foi demonstrado que pacientes com DRC em HD apresentavam
uma expansdo significativa de familias de bactérias produtoras de urease, uricase e
enzimas formadores de indoles e p-cresol, e reducdo de familias de bactérias protetoras
que produzem enzimas formadoras de butirato. Esses dados sugerem que pacientes
renais cronicos apresentam uma microbiota intestinal com bactérias que podem
contribuir para a toxicidade urémica e estado pr6 inflamatorio (46).

Viérios sdo os fatores que potencialmente podem causar disbiose intestinal na
DRC incluindo a propria perda de funcdo renal e as complicagcdes associadas como
acidose metabodlica, retencdo de toxinas urémicas, sobrecarga de volume com
consequente edema intestinal, assim como o proprio tratamento dietético, farmacoldgico
e presenca de comorbidades, fatores que parecem influenciar no equilibrio da mucosa

intestinal (47). Em geral, varias sdo as modificagdes dietéticas recomendadas aos
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pacientes com DRC com o objetivo de retardar a progressao da perda de fungdo renal e
prevenir complicagdes como hiperfosfatemia e hipercalemia (48). Nos estagios 3 a 5 da
DRC, a restricdo proteica ¢ preconizada para prevenir progressdo da perda de fungdo
renal, por outro lado, esta conduta pode ser associada a menor absor¢do de proteinas e
aumento do risco de desnutricdo (48). Adicionalmente, a restrigdo de potassio ¢
importante nos estagios mais avancados da DRC, e a diminui¢do do consumo de fibras
dietéticas, ricas em potassio, resulta no retardo do transito intestinal (48). Além disto, a
restricdo de liquidos nos pacientes em terapia renal substitutiva, polifarmacia, alteragdo
do estilo de vida e a propria uremia predispde a lentificagdo do trinsito intestinal
contribuindo para constipagdo e alteracdes metabolicas (14).

O impacto das alteracdes da microbiota intestinal observado na DRC parece
estar associado com efeitos deletérios aos pacientes e vem progressivamente sendo
avaliado pela comunidade cientifica. E cada vez mais conhecido o fato de que a
microbiota intestinal ¢ fonte importante de geracdo de toxinas urémicas como, por
exemplo, amdnia, indois, fenois e aminas. Estes metabodlitos, normalmente removidos
por via renal, acumulam nos pacientes com DRC pela queda da filtracdo glomerular e
por possivel aumento na geracgao intestinal (14,21). Algumas toxinas urémicas, como o
sulfato de p-cresol e de indoxil, sdo ligadas as proteinas e sdo depuradas pelos rins,
principalmente por secrecdo tubular, e acumulam na DRC. Estas toxinas sdo geradas a
partir de aminodcidos da dieta pela microbiota intestinal (49). O p-cresol origina da
tirosina, enquando que o indoxil do triptofano. As toxinas urémicas sdo associadas com
diversas complica¢cdes na DRC como mostrado em estudos experimentais e humanos
(50). Em modelos animais, diversas alteracdes foram demonstradas como resisténcia a
insulina, senescéncia celular prematura, disfuncdo endotelial, calcificacdo vascular,

aterogénese, hipertrofia cardiaca, ativagdo do sistema renina-angiotensina, supressao da
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proteina klotho, e fibrose intersticial renal (51-57). Em estudos clinicos de pacientes
com DRC, o aumento destas toxinas foi associado com progressao da doenca renal,
inflamacdo, doenca cardiovascular e mortalidade (58-60). Meijers e colaboradores
observaram uma correlagdo positiva entre p-cresol e DCV em pacientes com DRC (61).
Similarmente, niveis elevados de indoxil sulfato foi associado com niveis aumentados
de interleucina (IL) 6, doenga arterial coronariana, lesdo vascular e progressao da DRC
(58,62-64). Recentemente, Barreto e colaboradores (65) verificaram associagdo entre os
niveis de indoxil sufalto e alteragdes na histomorfometria 6ssea de pacientes com DRC
pré-dialiticos, e sugeriram que o indoxil sulfato poderia contribuir para o aumento da
secre¢do de paratormonio, seja por aumento da resisténcia 6ssea ao paratormdnio ou por
inibi¢do do calcitriol.

Além da influéncia da microbiota intestinal nas toxinas urémicas, a disbiose
intestinal poderia contribuir para alteragdes no intestino favorecendo edema e isquemia
intestinal, assim como defeitos na barreira epitelial e aumento da permeabilidade do
colon (66). Em um modelo animal de ratos Sprague-Dawley (SD) submetidos a
nefrectomia 5/6 (ratos com DRC) ou cirurgia simulada foram seguidos por 8 semanas ¢
os colons foram removidos para avaliagdo dos constituintes do complexo das jungdes de
oclusdo (tight junctions). O grupo de ratos com DRC apresentaram marcada redugdo na
expressdo de proteinas da cludina-1, ocludina e ZO-1 na mucosa colonica quando
comparado ao grupo controle, sugerindo que a uremia resulta na deple¢do de proteinas
chaves das juncdes de oclusdo da mucosa colonica e poderia, desta forma, ser
responsavel pelas alteracdes de funcdo da barreira intestinal (67). Estas alteracdes de
barreira poderiam ser causa de translocacdo bacteriana e de endotoxinas do intestino
(68) assim contribuindo para o estado inflamatorio observado em pacientes com DRC, o

qual por sua vez pode contribuir para desnutricao e progressao da DRC e DCV (69).
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2.4. Efeitos dos probiéticos na doen¢a renal crénica

Atualmente medidas de intervencdo que objetivam a reducdo do actimulo de
toxinas, via reequilibrio do ambiente intestinal, t€m se tornado um campo atrativo e de
baixo risco na DRC (70). Opgdes de intervencdes incluem dieta com aumento no
consumo de fibras e baixa proteina, uso de adsorventes como o AST-120 e o
hidrocloreto de sevelamer, e uso de suplementos de prébidticos, simbidticos ou
probioticos (71).

Uma potencial intervencdo ¢ a administragdo oral de probidticos que atuam
como reconstituintes da microbiota intestinal. Numerosos estudos tém avaliado os
efeitos dos probiodticos em outras patologias, mas estudos em DRC ainda sao limitados.
Alguns trabalhos de suplementacdo de probidticos em pacientes portadores de DRC
mostraram aumento de bactérias benéficas no intestino, maior atividade da mucosa
intestinal, além de diminuicdo do acimulo de toxinas urémicas, de marcadores
inflamatorios e do risco de dislipidemia (15-20,67).

Os primeiros estudos avaliando o efeito do uso de probidticos nas toxinas
urémicas foram realizados em pacientes com DRC em tratamento de hemodialise em
1996. Simenhoff e colaboradores (72) acompanharam 8 pacientes em hemodidlise que
utilizaram Lactobacillus acidophilus e observaram diminui¢do dos niveis séricos da
toxina dimetilamina (p<0,001) e do carcinogénico nitrosodimetilamina (p=0,01).
Similarmente, outro estudo analisou o impacto de uma combinacdo de bactérias
probidticas incluindo Lactobacillus  acidophilus, Bifidobacterium infantis ¢
Enterococcus faecalis em 20 pacientes em hemodialise (HD) e compararam com grupo
controle saudavel. Os autores observaram diminui¢do dos niveis de p-cresol sulfato

(p<0,005) em amostras fecais nos pacientes usando este probidtico (42). Takayama e
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colaboradores usando o probiotico contendo Bifidobacterium longum em 22 pacientes
em HD por um periodo de 5 semanas, demonstraram diminuic¢ao significativa dos niveis
de indoxil sulfato, outra importante toxina urémica (73). De forma similar, Taki e
colaboradores (15) utilizaram probidtico contendo a mesma bactéria, Bifidobacterium
longum, em pacientes com DRC em HD por um periodo de 12 semanas ¢ também
verificaram diminui¢ao dos niveis de indoxil sulfato, homocisteina e triglicerideos. No
entanto, em recente estudo duplo cego, cruzado e controlado por placebo, que incluiu 22
pacientes em HD com intervengdo probidtica de uma formulagdo composta de
Streptococcus thermophilus, Lactobacillus.acidophilus e Bifidobacterium longum ou
placebo por 8 semanas, os pacientes apds a suplementagdo apresentaram apenas uma
tendéncia na redugdo do indoxil glucuronido e da proteina C reativa. A falta de
significancia foi atribuida ao nimero pequeno de pacientes incluidos no estudo (74).
Recentemente, Borges e colaboradores (20) avaliaram o consumo regular de
Streptococcus thermophilus, Lactobacillus acidophilus e Bifidobacterium longum em
uma amostra maior de pacientes (46 pacientes em HD) durante 3 meses. Apds o uso de
probidticos, os pacientes apresentaram reducdo significativa dos niveis de indoxil
sulfato (p=0,02), porém foi observado aumento nos niveis de potéassio (p=0,02) e ureia
(p=0,02).

O efeito do uso de probiodticos também foi avaliado em pacientes com DRC em
dialise peritoneal (DP). Wang e colaboradores (19) realizaram um estudo duplo-cego
controlado por placebo que incluiu 39 pacientes em DP. A intervencao foi de 6 meses e
consistiu na ingestdo da combinagdo de trés tipos de culturas probidticas que incluiu
Bifidobacterium bifidum A218, Bifidobacterium catenulatum A302, Bifidobacterium

longum A101 e Lactobacillus plantarum A87. Houve diminui¢do nos niveis de fator de
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necrose tumoral alfa (p<0,05), de interleucina 5 e 6 (p<0,05), além de preservacao da
funcao renal residual (p<0,05) apds a suplementacdo comparado a placebo.

Os achados de redugdo de toxinas urémicas ¢ de fatores inflamatérios em
estudos de pacientes renais cronicos em HD e DP certamente despertam interesse sobre
a aplicabilidade dos probidticos em pacientes nos estagios mais precoces da DRC, ainda
em tratamento conservador. Ando e colaboradores (75) avaliaram o consumo de
Bifidobacterium longum em 27 pacientes com DRC nos estagios 3 a 5. Ap6s 6 meses de
intervengdo, foi observada redugdo da progressao da DRC em pacientes que tinham
niveis basais de creatinina a partir 4,0 mg/dl (p<0,005) ou niveis de fosforo sérico a
partir de 4,0 mg/dl (p<0,005).

Nesta linha de pesquisa, em um modelo animal, Ranganathan e colaboradores
(76) estudaram 6 grupos de ratos submetidos a nefrectomia 5/6 que receberam diferentes
espécies de cultura probiotica por um periodo de 16 semanas e compararam a um grupo
placebo. Ao final da intervengao, os ratos com DRC que consumiram Bacillus pasteurii,
Sporolac® ou Kibow cocktail apresentaram menor concentragdo sérica de ureia
nitrogenada e de creatinina. Além disso, ratos alimentados com Bacillus pasteurii e
Sporolac® apresentaram maior sobrevida comparados com o grupo controle e com 0s
outros probioticos. Apos esses achados interessantes com os modelos animais, 0 mesmo
grupo de pesquisadores estudaram os efeitos dos probidticos em pacientes com DRC.
No primeiro estudo, foi avaliada a combinacdo de culturas probidticas (Lactobacillus
acidophilus KB31, Streptococcus thermophilus KB27 e Bifidobacterium longum KB35)
em 13 pacientes nos estagios 3 a 4 de DRC. Houve diminui¢ao de 4cido urico (p=0,050)
e do balanco nitrogenado de ureia (p=0,002) apds a intervencdo de 3 meses, em
comparagdo ao grupo placebo (16). Posteriormente, em um estudo multicéntrico que

incluiu 46 pacientes com DRC estagios 3 e 4 e usando a mesma combinagao de culturas



27

probidticas, esses autores observaram que os pacientes que usaram a combinagdo dos
probidticos apresentaram uma redugdo maior dos niveis séricos de ureia comparado ao
grupo placebo (17). Do mesmo modo, Alatriste e colaboradores (18) avaliaram 30
pacientes com DRC nos estagios 3 a 4 que receberam diferentes concentragdes do
probidtico Lactobacillos casei shirota por um periodo de 8 semanas. O grupo que
recebeu uma concentracdo maior deste probidtico apresentou uma diminui¢do
significativa nos niveis de ureia (p=0,003), sugerindo efeito dose-dependente na ag¢ao do
probiotico.

Apesar do crescente interesse nas alteragdes da microbiota intestinal e seu
possivel impacto na saide dos pacientes com DRC, como mostram os dados
apresentados na Tabela 2, ainda sdo poucos os estudos avaliando o uso de probidticos

nesta populacdo, e a maioria deles incluiu uma amostra pequena de pacientes.

Tabela 2 — Estudos clinicos com suplementacio de probioticos em pacientes renais.

Autor/ Ano | Delineamento | Numero | Intervenc¢ao/ Principais achados da
amostral/ | Duracao intervencio com
Estagio probioticos
Simenhoff et | Estudo n=8 Lactobacillus ! Niveis de
al., 1996 | observacional, | HD acidophilus Dimetilamina (p<0,001)
(72) em unico 10° UFC ! Niveis de
centro 1 cépsula/dia Nitrosodimetilamina
Periodo: 30 a | (p=0,010)
182 dias
Hida et al., | Estudo n=20 Lactobacillus | Niveis de p-cresol fecal
1996 (42) observacional, | HD acidophilus, (p<0,05)
em unico Bifidobacterium
centro infantis,
Enterococcus
faecalis
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10° UFC
2 capsulas/dia

Periodo: 1 més

Ando et al., | Estudo n=27 Bifidobacterium | Redugdo da progressio
2003 (75) observacional, | DRC em | longum da DRC em pacientes
em unico | diferentes | UFC ndo | com niveis basais de
centro estagios | especificada 4,0mg/dl de creatinina
1 capsula/dia sérica ou de 4,0mg/dL de
Periodo: 6 | fosforo sérico (p<0,05)
meses
Takayama et | Estudo clinico | n=22 Bifidobacterium | | Niveis de indoxil
al., 2003 | ndo HD longum sulfato (p<0,005)
(73) randomizado, (JCMO008)
controlado por 10° UFC
placebo, em 3 cépsulas/dia
unico centro Periodo: 5
semanas
Taki et al., | Estudo clinico | n=27 Bifidobacterium | | Niveis de indoxil
2005 (15) nao HD longum sulfato (p<0,01)
randomizado, 10° UFC | Niveis de triglicerideos
controlado por 1 cépsula/dia (p<0,05)
placebo, em Periodo: 3 | | Niveis de homocisteina
unico centro meses (p<0,05)
Ranganathan | Estudo clinico | n=13 Lactobacillus | Balango nitrogenado
et al., 2009 | randomizado, | DRC 3-4 | acidophilus de ureia (p=0,002)
(76) duplo  cego, KB31, | Niveis de acido urico
com crossover Streptococcus (p=0,050)
e controlado thermophilus | Niveis de proteina C
por placebo, KB27, reativa (p=0,244)
em unico Bifidobacterium | 1 Escore de qualidade de
centro longum KB35 | vida (p<0,05)

10" UFC
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6 capsulas/dia
Periodo: 3
meses de

intervengdo + 3

meses de
placebo
Ranganathan | Estudo clinico | n=46 Lactobacillus | Balango nitrogenado
et al., 2010 | randomizado, | DRC 3-4 | acidophilus de ureia (p<0,05)
(17) duplo  cego, KB27, | Niveis de acido urico
com crossover Streptococcus (NS)
e controlado thermophilus | Niveis de creatinina
por placebo, KB19, sérica (NS)
multicéntrico Bifidobacterium | 1 Escore de qualidade de
longum KB31 vida (p<0,05)
10" UFC
6 capsulas/dia
Periodo: 3
meses de
intervengado + 3
meses de
placebo
Alatriste et | Estudo clinico | n=30 Lactobacillus | Niveis de ureia sérica
al., 2014 | randomizado, | DRC 3-4 | casei shirota (p=0,003)
(18) controlado por 10° UFC | Niveis de creatinina
placebo, em 80 mL leite | sérica (NS)
um unico fermentado /dia | | TFG estimada (NS)
centro Periodo: 2
meses
Natarajan et | Estudo clinico | n=22 Lactobacillus | Niveis de globulos
al., 2014 | randomizado, | HD acidophilus, vermelhos (NS)
(74) duplo  cego, Streptococcus | Niveis de proteina C
com crossover thermophilus, reativa (NS)

e controlado

Bifidobacterium

| Niveis de indoxil
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por  placeb, longum sulfato (p=0,058)
em um Uunico 10'° UFC
centro 2 céapsulas /dia
Periodo: 4
meses
Wang et al., | Estudo clinico | n=39 Bifidobacterium | | Niveis de fator de
2015 (19) randomizado, | DP bifidum A218, | necrose tumoral alfa
duplo  cego, Bifidobacterium | (p<0,05)
controlado por catenulatum | Niveis de interleucina
placebo, em A302, 5 (p<0,05)
um unico Bifidobacterium | | Niveis de interleucina
centro longum A101, | 6 (p<0,05)
Lactobacillus Preservagdo da fungdo
plantarum A87 | renal residual (p<0,05)
10° UFC
1 cépsula /dia
Periodo: 6
meses
Borges et | Estudo clinico | n=46 Streptococcus T Niveis de ureia sérica
al., 2017 | randomizado, | HD thermophilus, (p=0,02)
(20) duplo  cego, Lactobacillus T Niveis de potassio
controlado por acidophilus, sérico (p=0,02)
placebo, em Bifidobacterium | | Niveis de indoxil
um unico longum sulfato (p=0,02)
centro 10° UFC

3 cépsulas /dia
Periodo: 3

mescs
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3. MAPA CONCEITUAL

A microbiota intestinal equilibrada contribui para a manutencdo do metabolismo de
nutrientes, do sistema imunoldgico e da excregdo de toxinas e metabolitos. No entanto,
pacientes com DRC apresentam uma tendéncia para o desenvolvimento de disbiose
intestinal. A disbiose parece ser de origem multifatorial, tanto secundario as diversas
alteracdes oriundas da perda da fun¢do renal e consequente uremia, como pelo uso de
multiplos farmacos e modificagdo da dieta.

Neste contexto, parece razoavel especular que pacientes com DRC podem se
beneficiar de medidas tais como a suplementagdo com probidticos, que auxiliem na
colonizagdo e no reequilibrio da microbiota intestinal. No entanto, poucos sdo 0s
estudos que investigaram a influéncia do consumo didrio de probidticos na microbiota
dos pacientes com DRC. Assim, o uso de probiodticos pode ser uma medida adicional
efetiva e de baixo risco no tratamento da DRC, e mais estudos sdo claramente

necessarios para melhor compreensao de sua utilidade (figura 1).

Doenca Renal Cronica

Suplementagdo de

Disbiose intestinal ey
probioticos

Diminuicao da
progressao da perda de
func¢ao renal

Alteragao da microbiota Aumento na frequéncia
intestinal intestinal

Figura 1 — Marco conceitual esquematico.
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4. OBJETIVOS

4.1 OBJETIVO PRIMARIO

Avaliar o efeito do consumo de probidticos sobre a proteinuria, fungdo renal e

estado inflamatério em pacientes com DRC estdgios 3 a 5.

4.2. OBJETIVOS SECUNDARIOS

1. Avaliar o impacto nos parametros do metabolismo mineral e 6sseo da DRC.
2. Avaliar o efeito do uso de probidticos nos lipidios séricos.

3. Avaliar o impacto do uso de probidticos no habito intestinal.
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ABSTRACT

Background: Chronic kidney disease (CKD) has been associated with an imbalance in the
intestinal microbiota that can lead to metabolic complications such as accumulation of uremic
toxins and inflammation. Supplementation with probiotics may restore intestinal microbiota
balance in CKD, but few studies have addressed the effect of these supplements on the
progression of CKD and cardiovascular risk.

Objective: To evaluate the effect of probiotic supplementation on renal function and
inflammatory markers in patients with CKD.

Design: A randomized, double-blind, placebo-controlled clinical study included 30 patients
with CKD stages 3 to 5, with stable renal function and creatinine protein index > 0.5. Patients
were randomized to receive probiotic supplement (Intervention Group, IG) or placebo
(Control Group, CG). Protocol of the study involved washout period for 4 weeks and after
intervention or placebo for 24 weeks. Markers of renal function, C-reactive protein (CRP),
markers of bone and mineral metabolism, lipid profile and intestinal habit were assessed at
baseline and at the end of 24 weeks of the study.

Result: Of the total of 30 patients, 20 completed the 24 study weeks, 10 in the IG and 10 CG.
In the GI, it was observed a significant increase in the estimated glomerular filtration rate
(p<0.001) and a significant decrease in serum creatinine levels (p<0.001), urea (p=0.015) and
C-reactive protein (p=0.030) compared to control group. There were no significant
differences in levels of proteinuria, markers of mineral and bone metabolism, as well as lipid
profile between groups. Symptoms of constipation (p<0.001) and fecal consistency (p=0.016)
showed significant improvement in IG compared to CG.

Conclusions: Probiotic supplementation was associated with improvement in renal function

with decrease in urea and creatinine levels and reduction in inflammation suggesting that
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probiotics may be an additional alternative in the management of patients with CKD stages 3
to 4. The beneficial effects of probiotics on the progression of CKD and its complications

should be evaluated in studies involving a larger number of patients for a longer period.

Keywords: Chronic Kidney Disease, Gut Microbiota, Probiotic Supplementation, Probiotics,

Inflammatory Markers, Mineral Metabolism.
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INTRODUCTION

Chronic kidney disease (CKD) is considered a public health problem with estimated
prevalence ranging from 7% to 15% worldwide [1-3]. CKD is characterized by being
progressive and associated with several complications resulting from loss of renal function.
Preventive and therapeutic measures are implemented with the objectives of delaying the
progression of CKD and avoiding possible complications [4]. Thus, nephroprotection
measures are recommended at all stages of treatment including adequate control of blood
pressure and proteinuria levels, both independently associated with a more rapid decline in
renal function [5]. In addition, prevention and management of risk factors for cardiovascular
disease (CVD), anemia, metabolic acidosis and changes in bone and mineral metabolism are
recommended and may also influence the progression of CKD [6].

Recently, the intestinal microbiota has attracted the attention of the nephrological community.
Normally, the intestinal microbiota is composed of a variety of beneficial as well as
pathogenic microorganisms that in equilibrium carry out innumerable metabolic activities,
such as impact on nutritional status, carbohydrate and protein metabolism, synthesis of
vitamins, in the degradation of dietary oxalate, and even in the immune system (7,8).
However, in situations of imbalance, a condition known as dysbiosis, modifications occur in
composition of the intestinal microbiota increasing pathogenic bacteria which impacts on
intestinal metabolism and health in general [9]. Studies show that intestinal dysbiosis is
present in patients with CKD and several factors are associated uremia and dietary and
multiple drug approaches that can affect the intestinal microbiota balance [10,11]. In addition,
intestinal microbiota is a source of uremic toxin generation which might influence the

progression of CKD [12-14], inflammation and CVD [15].
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Management of the intestinal environment through probiotic supplementation to restore the
intestinal microbiota has become a potential therapeutic intervention [16]. Studies with
patients on hemodialysis have addressed the supplementation of probiotics showing reduction
of uremic toxins and inflammatory markers [10,11]. However, studies in the early stages of
CKD are scarce and little is known whether probiotics can impact on proteinuria and
progression of CKD [17]. If the probiotic can induce benefits to this patient population with
minimal side effects, this approach may be an interesting adjuvant therapy. In this context, the
objective of this study was to evaluate the effect of probiotic consumption on renal function

and inflammatory markers in patients with CKD stages 3 to 5.

SUBJECTS AND METHODS

This is a randomized, double-blind, placebo-controlled clinical study that included 30
adult patients with CKD in stages 3 to 5 not yet on renal replacement therapy, conducted from
November 2015 to December 2017. Inclusion criteria were estimated glomerular filtration
rate (eGFR) < 59 ml / min / 1.73m2 measured according to the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) [18] equation, age >18 years, stable renal function,
protein/creatinine ratio (PCR) >0.50 and who agreed to participate in the study. The exclusion
criteria were acute illness; use of antibiotics, corticosteroids and immunosuppressants in the
last 3 months; active infection; inflammatory bowel or malabsorption diseases; acute or
chronic diarrhea; previous bowel surgery; pregnancy and renal replacement therapy or renal
transplantation. Patients using supplements or foods containing prebiotics, probiotics or
symbiotics were also excluded.

This study was approved by the HCPA Research FEthics Committee

(42127714.8.0000.5327) and obtained registration in the Clinical Trials platform
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(NCT03400228) and was performed according to the norms established by the Declaration of
Helsinki. All participants agreed to participate in the study by signing the informed consent
form. The Research Ethics Committee is registered in the Brazilian Human Research

Protection Committee of the National Ministry of Health under Institutional Review Board

number 00000921.

Protocol

Patients were recruited on outpatient nephrology clinics of HCPA according to the
inclusion criteria. All included patients underwent an initial 4-week washout period and
subsequently randomized for intervention group (IG) or control group (CG). The
randomization phase was performed by external researcher to guarantee blindness. Clinical,
laboratory and intestinal assessment were performed at baseline and after 24 weeks of follow-
up. To assess adherence of the intervention, patients were asked to bring their envelopes in

each monthly visit.

Intervention

IG received a probiotic supplement and CG received placebo. The probiotic
supplement used was a combination of Lactobacillus acidophilus and Bifidobacterium lactis
at the concentration of 2 x 10° colony forming units (CFU), manufactured by Chr Hansen,
Denmark. Maltodextrin, a carbohydrate-based food supplement in powder form, is tasteless
and similar in appearance to the probiotic supplement and was used as placebo. Patients on
each group were instructed to consume 2 sachets of 1 gram diluted in 100 ml of cold water

every morning for 24 weeks.
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Clinical and laboratory parameters

The following data were collected from each participant through the electronic
medical record and by interview: age, sex, ethnicity, systolic and diastolic blood pressure,
history of systemic arterial hypertension, diabetes mellitus (DM), and previous cardiovascular
events, use of angiotensin converting enzyme (ACE) inhibitor or angiotensin receptor blocker
(ARB), and physical activity.

Serum and urinary laboratory parameters were evaluated at baseline and after 24
weeks. The laboratory parameters evaluated were creatinine, urea, potassium, calcium,
phosphorus, alkaline phosphatase, glucose, total cholesterol, high density lipoprotein (HDL)
cholesterol and serum triglycerides (Spectrophotometric, Roche Diagnostics, Rotkreuz,
Switzerland); low-density lipoprotein cholesterol (LDL) [Friedewald equation (19)], intact
parathyroid hormone measured by chemiluminescence (Global Siemens Headquarters,
Muenchen, Germany), 25-hydroxyvitamin D [25 (OH) D] measured by immunoassayon
(LTAISON® auto-analyzer DiaSorinlnc, Northwest, MN, USA). C-reactive protein was
measured by spectrophotometric (Roche Diagnostics, Rotkreuz, Switzerland). The estimated
GFR was calculated by the Chronic Kidney Disease Epidemiology Collaboration equation
[18]. CKD stages were classified according to Kidney Disease: Improving Global Outcomes
[4].

First morning urine sample was collected to measure PCR. Urine of 24 hours was
collected for the measurement of total protein, creatinine, urea, calcium, and phosphorus by
spectrophotometric (Roche Diagnostics, Rotkreuz, Switzerland) and sodium by ion-selective
indirect (Roche Diagnostics, Rotkreuz, Switzerland).

Anthropometric parameters included body weight and height for calculating the body

mass index according to the classification of adults (World Health Organization, WHO) and
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the elderly (Lipschitz) [20,21]. Body fat distribution was determined by waist circumference
(WHO) [22] and waist-to-height ratio [23]. Nutritional status was evaluated using the global
subjective assessment adapted to the CKD patient [24].

Bowel habit was determined using the Rome III criteria and the Bristol Scale. Rome
III criteria are applied to define chronic functional constipation, characterized by two or more
of the following in 25% of bowel movements: bowel movement, granular or hard stools,
incomplete evacuation sensation, sensation of anorectal obstruction, use of manual maneuvers
for evacuation, and less than three evacuations per week [25]. Bristol Scale was used to help
in the description of stool bulk consistency and change of consistency as recommended by

Ogawa et al [26,27].

Statistical Analysis

The sample calculation for the study was based on the reduction of indoxyl sulphate
from the study by Rossi et al [28] in patients with CKD. The estimated sample size was 24
patients for 80% power, 10% predicted patient loss and 5% significance. Normality of study
variables was verified by the Shapiro-WilkKolmogorov-Smirnov test. Results were expressed
as mean and standard deviation or median and interquartile according to variable distribution.
Qualitative data were expressed as number and percentage. Student's t-test, Mann-Whitney
test and Fisher's exact test were used to evaluate the difference between the groups at
baseline. To evaluate the difference between probiotic versus placebo, Generalized Estimating
Equation (GEE) model was used in combination with a covariance analysis to control for
baseline values, considering the delta of the variations to verify differences before and after
the use of probiotic or placebo. Multiple linear regression analysis was performed for delta of

biochemical parameters, adjusted for group randomization, baseline glomerular filtration rate,
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baseline creatinine protein index, antihypertensive use, DM diagnosis, and age. The level of
significance was set at p <0.05. Statistical analyzes were performed in the Statistical Package

software for the Social Sciences, version 18.0 (Chicago, IL).

RESULTS

Demographic and clinical characteristics

A total of 289 patients were enrolled in this trial, of whom 47 patients presented
inclusion and exclusion criteria, and 30 patients accepted to participate in study. Ten patients
were dropped out of the study and twenty patients remained for final analysis (10 in the IG
and 10 in the CG (Figure 1). Table 1 showed the baseline clinical and demographic
characteristics. All patients had history of hypertension, and 16 (80%) were taking ACE
inhibitors or ARB. There were no differences between groups at baseline for all assessed

demographic and clinical variables (P>0.05).

Figure 1

Table 1

Biochemical parameters of renal function, proteinuria, inflammatory, metabolic and
anthropometric at baseline are summarized in Table 2 and 3. Although C-reactive protein
levels [2.6 (1 to 7.3) vs. 4.2 (1.5 to 22.7), P=0.247] and PCR [0,9 (0,4 to 1.6) vs. 1.8 (0.9 to
2.5), P=0.143] were lower in the IG compared to CG, there were no statistical differences

between groups.
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Table 2

Table 3

Table 4 shows the effects of probiotic supplementation on biochemical, proteinuria,
inflammatory and metabolic parameters. Serum creatinine levels decreased significantly
(3.440.3 vs. 3.1£0.3; P<0.001) and eGFR increased significantly (17.9£2.2 vs. 19.612.3;
P<0.001) in the IG after 24 weeks of probiotic supplementation. In contrast, creatinine and
urea serum levels increased in CG (3.5 £ 0.3 vs. 4.2 £0.5; P<0.001 and 132.9 £ 13.8 vs.154.3
+ 13.0; P<0.001, respectively) and eGFR decreased (17.7 £ 2.9 vs.15.1 £ 2.8; P<0,001) after
24 weeks with placebo. Significantly differences between IG and CG were observed for
serum creatinine and urea levels as well as for eGFR after 24 weeks of follow-up.

Similarly, levels of the inflammatory marker, C-reactive protein, showed an opposite
pattern between groups after probiotic or placebo interventions. C-reactive protein decreased
significantly in IG (4.5 £ 1.4 vs. 2.4 £ 0.7; P=0.008) and increased in CG (15.4 £ 7.5 vs. 28.3
+ 12.0; P=0.013), and a significant statistically difference between groups was observed (P
=0.004). In addition, serum potassium levels reduced in the IG and increased in the CG (5.2 £
0.1 vs. 4.9 £ 0.1; P=0.006 and 5.2 = 0.2 vs. 5.4 £ 0.1; P=0.002; respectively; difference
between groups P=0.012).

PTH levels increased in CG (276.8 + 45.0 vs. 351.2 £ 61.5; P=0.043) but did not
change in the IG. Other bone and mineral metabolism parameters (calcium, phosphorus, and
25(0OH)D) did not differ between baseline and 24 weeks follow-up in both groups IG and CG.
Although urinary urea increased in the CG, no difference was observed in IG or between
groups. Other 24-hour urinary parameters such as proteinuria, calcium, phosphorus and

sodium also did not differ between groups after intervention (Table 5). Probiotic effects
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remained significantly for eGFR (p<0.001), serum creatinine (p<0.001), urea (p=0.46), and C-
reactive protein (p=0.012) even after adjusted for group randomization, eGFR, PCR, ACE-

inhibitor or ARB use, DM, and age (Table 6).

Table 4

Table 5

Table 6

Bowel habits and stool characteristics are sumarized in Table 7. At baseline, 5 patients
(50%) of IG presented constipation and after 24 weeks of probiotics all of 10 patients (100%)
did not showed constipation symptoms (p<0.001). In addition, stool consistency changed in

IG compared to CG (P=0.016).

Table 7

DISCUSSION

This study demonstrated that the use of probiotic supplements in patients with CKD
stages 3 to 5 improved renal function and inflammatory parameters. There was an increase in
eGFR and a significant reduction of serum creatinine and urea levels. Additionally, CRP
levels decreased significantly with the use of probiotics. As expected, there were
improvement in constipation symptoms and stool consistency in patients using probiotics,

which demonstrates adherence to the administered supplement.
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Nowadays it is recognized a bi-directional relationship between gut and kidney. CKD may
cause changes in the composition and function of the intestinal microbiota. Despite the
recognition that the intestinal microbiota may be the source of several uremic toxins [29],
there are few studies evaluating the intestinal flora in CKD patients and presence of dysbiosis.
Hida et al. [10] evaluated the intestinal flora of 20 CKD patients on HD and compared to 20
healthy controls; they observed qualitative and quantitative differences between groups. The
number of aerobic bacteria, such as enterobacteria and enterococci, was approximately 100-
fold higher in HD patients compared to the control group. In relation to anaerobic bacteria,
the number of bifidobacteria was lower while that of Clostridium perfringens was
significantly higher in the HD patients. Alterations in intestinal microbiota composition have
also been demonstrated in patients on peritoneal dialysis [30] and in patients with CKD stage
5 not on dialysis [31]. Moreover, a study by Wong et al. [32] demonstrated an increase of
urease-producing bacterias, uricase and indol- and p-cresol-forming enzymes, and reduction
of families of bacterias producing butyrate-forming enzymes suggesting that CKD patients
have an intestinal microbiota that can contribute to uremic toxicity and inflammatory status.
Several factors can potentially cause intestinal dysbiosis in CKD, including uremia and other
complications such as metabolic acidosis, retention of uremic toxins, volume overload with
consequent intestinal edema, and comorbidities. In addition, dietary approach and
pharmacological interventions can also influence the balance of the intestinal mucosa
[4,14,33].

Dysbiosis in CKD is associated with generation of uremic toxins and damage of the intestinal
mucosa barrier. Thus, interventions that influence the balance of the microbiota as dietary
measures, adsorbents, and supplements with prebiotics, probiotics and symbiotics are low risk
measures for patients and need to be studied in CKD [34]. Our study demonstrated a

reduction in creatinine and urea levels and an increase in eGFR in the group of patients
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supplemented with probiotic compared to the control group. Although few studies have
evaluated the impact of probiotics on markers of renal function in patients with CKD stages 3
to 5, our results are in agreement with Ando et al. [35]. They observed a reduction in the
progression of CKD in patients with baseline serum creatinine levels >4.0 mg/dL with use of
probiotics. Similarly, Wang et al. [30] observed that PD patients supplemented with
probiotics had preserved residual renal function. Other studies have also shown reduction in
urea levels in patients with CKD stages 3 and 4 [17,36], but not in serum creatinine levels in
those patients supplemented with probiotics.

It is interesting to notice that most fecal ammonia originates from the hydrolysis of urea by
intestinal bacteria. Increase in serum urea concentration occurs in CKD and therefore higher
concentration of ammonia. This higher ammonia generation can promote pH increase in the
gastrointestinal tract which promotes aerobic bacteria growth and uremic toxin production.
Probiotics containing bifidobacteria promote carbohydrate fermentation and produce acetic
and lactic acid acidifying the intestinal mucosa, potentially preventing the growth of aerobic
bacteria and possibly of uremic toxins [11,32]. Limited studies have demonstrated reduction
of uremic toxins in patients with CKD in HD and PD, and also in the earlier stages of CKD
(stages 3 to 5 not on dialysis), with the use of probiotics [37]. Decreased levels of p-cresol
sulfate [11] and indoxyl sulfate [14,38,39] were observed in chronic HD patients
supplemented with probiotic compounds. Additionally, a study in animal model of rats
submitted to 5/6 nephrectomy receiving different species of probiotic culture for 16 weeks
showed a lower serum concentration of nitrogenated urea and creatinine. Besides that, rats fed
on Bacilluspasteurii and Sporolac® showed greater survival compared to the control group
[36]. Both p-cresol and indoxyl sulfate are cleared by the kidneys, mainly by tubular
secretion, and are shown to accumulate in CKD [12]. It has been demonstrated that these

uremic toxins are associated with various complications in CKD as shown in experimental
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and human studies [40]. In animal models, several alterations have been demonstrated, such
as insulin resistance, premature cellular senescence, endothelial dysfunction, vascular
calcification, cardiac hypertrophy, renin-angiotensin system activation, klotho suppression,
and renal interstitial fibrosis [41-47]. In clinical studies of patients with CKD, the increase of
these toxins has been associated with progression of renal disease, inflammation,
cardiovascular disease and mortality [48-54]. Although the levels of p-cresol and indoxyl
sulfate in our study were not evaluated, the observation of reduction of urea levels and
increasing eGFR can reflect a reduction of uremic toxins explaining the improvement of renal
function in patients supplemented with probiotics.

Probiotic supplementation has been associated with the reduction of the inflammatory status
commonly found in CKD. Inflammation contributes to malnutrition and progression of renal
disease and CVD in CKD patients [55]. Uremic toxins can induce proinflammatory
responses, leukocyte stimulation, and endothelial dysfunction [26,38]. In addition, disruption
of integrity of the intestinal epithelium and intestinal ischemia can lead to increased colon
permeability in CKD [56,57]. This barrier changes could favor intestinal bacterial and
endotoxin translocation [58] and also contribute to the inflammatory state observed in patients
with CKD. Furthermore, ammonia and ammonium hydroxide produced by hydrolysis of urea
in the intestine are also suggested as causative factors of systemic inflammation in CKD
[11,32,57]. Our study showed a significant reduction in CRP levels, a marker of the
inflammatory state, in accordance with other studies [37]. However, this finding was not
observed in other studies [59,60]. These opposite results can be explained by heterogeneity of
the studies, different stages of CKD, dialysis treatment, type and composition of probiotics,
duration of intervention, among others.

Bone and mineral metabolism disorder (BMD) was also evaluated in our study. BMD in CKD

patients is associated with higher risk of CVD, vascular calcification and mortality [61].
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Studies have demonstrated an increased concentration of indoxyl-sulfate showing negative
effects on bone formation [62,63]. Recently, Barreto et al. [48] reported an association
between indoxyl-sulfate levels and changes in bone histomorphometry in patients with CKD
suggesting that this uremic toxin might contribute to bone resistance to parathyroid hormone
action or inhibition of calcitriol. Nonetheless, the use of probiotics in our study showed no
changes in serum calcium, phosphorus, parathyroid hormone and 25(OH)D levels after
probiotic supplementation.

This study has several limitations, such as the limited sample size and the short treatment
duration. However, the study could show improvement in renal function and inflammatory
parameters. Reduction in creatinine levels may have led to an increase in eGFR and not
represent a real impact on renal function. Studies using methods that measure GFR should be
done to accurately determine the change of renal function with probiotic supplementation.
Another limitation could be the adherence to consume probiotics or placebo. However, we
controlled patient adherence by counting empty packets in monthly visits. In addition, we
showed an improvement in the symptoms of constipation and stool consistency in patients
who consumed probiotics which not occurred in control group. This fact can corroborate
adherence to the supplement. Regarding the safety of probiotic used, no patient presented any
side effect.

In summary, the supplementation of probiotic based on Lactobacillus acidophilus and
Bifidobacterium lactis in CKD stage 3 to 5 patients showed beneficial effects on renal and
inflammatory parameters. Further studies are needed including a larger sample and longer

follow-up time to better evaluate the impact of this intervention in CKD.
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Table 1 — Baseline clinical and demographic characteristics in intervention and control

groups.
Patients characteristics Intervention Group Control Group P-value
(n=10) (n=10)
Age 62.8£9.0 62.4+10.2 0.927
Gender 1.000
Male 5 (50%) 5 (50%)
Female 5 (50%) 5 (50%)
Ethnicity 1.000
Black/Brow 4 (40%) 4 (40%)
White 6 (60%) 6 (60%)
Diabetes Mellitus 0.650
Yes 5 (50%) 7 (70%)
No 5 (50%) 3 (30%)
History of cardiovascular event 1.000
Yes 4 (40%) 4 (40%)
No 6 (60%) 6 (60%)
Systolic blood pressure 133+ 17 140 £ 20 0.652
Diastolic blood pressure 84+ 11 82+ 13 0.366
ACE/ARB use 0.303
Yes 9 (90%) 6 (60%)
No 1 (10%) 4 (40%)
Physical activity 0.211
Sedentary 7 (70%) 10 (100%)

Active 3 (30%) 0 (0%)
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CKD stage 0.249
3 1 (10%) 1 (10%)
4 6 (60%) 2 (20%)
5 3 (30%) 7 (70%)

Abbreviations: ACE = angiotensin-converting enzyme inhibitors; ARB = angiotensin II

receptor blocker; CKD = chronic kidney disease.



Table 2 — Baseline biochemical parameters in intervention and control groups.

Parameters Intervention Group Control Group P-value
(n=10) (n=10)

Creatinine (mg/dL) 34+£09 35£1.2 0.789

Urea (mg/dL) 1329+454 132.9 £ 46.2 1.000

eGFR (mL/min/1.73m?) 16.5[10.7 to 23.2] 13.0 [12.0 to 23.2] 0.796

PCR 0.99 [0.43 to 1.66] 1.81[0.87 to 2.46] 0.143

Potassium (mg/dL) 52+04 52+£0.5 0.929

Calcium (mg/dL) 9.2+0.7 9.0+04 0.512

Phosphorus (mg/dL) 41+£1.0 4.0£0.7 0.862

Alkaline phosphatase 88.5[65.7 to 120.0] 73.5 [66.7 to 90.7] 0.315

(U/L)

25(OH)D (ng/mL) 29.3[26.2 t0 33.1] 28.6 [21.5 to 34.1] 0.796

PTH (pg/mL) 215 [139 to 474] 269 [148 to 338] 0912

C-reative protein 2.6 1.0 to 7.3] 4.2[1.51t022.7] 0.247

(mg/dL)

Glucose (mg/dL) 123 [101 to 148] 102 [88 to 137] 0.353

Total cholesterol 164 [133 to 187] 154 [136 to 222] 0.684

(mg/dL)

HDL cholesterol 40.5+8.7 447+11.3 0.366

(mg/dL)

LDL cholesterol 92 [68 to 106] 83 [59 to 102] 0.579

(mg/dL)

Triglyceride (mg/dL) 152 [112 to 173] 118 [107 to 138] 0.143
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Abbreviations: 25(OH)D = 25-hidroxivitamina D; eGFR = estimate glomerular filtration rate;
PCR = urinary protein-creatinine ratio, PTH = Intact parathyroid hormone; HDL = High

Density Lipoprotein; LDL = Low Density Lipoprotein.
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Table 3 — Baseline anthropometric parameters in intervention and control groups

Parameters Intervention Group Control Group P-value
(n=10) (n=10)
BMI (kg/m®) 30.9+7.6 28.0+ 14.8 0.328
BMI Classification 0.494
Eutrophy 3 (30%) 2 (20%)
Overweight/Obesity 7 (70%) 8 (80%)
WC (cm) 101.0 £ 12.7 98.4+11.8 0.642
WC Classification 0.322
No risk 3 (30%) 1 (10%)
High risk 0 (0%) 2 (20%)
Very high risk 7 (70%) 7 (70%)
WHR (cm) 0.6+0.1 0.6x0.1 0.612
WHR Classification 1.000
No adiposity 1 (10%) 1 (10%)
With adiposity 9 (90%) 9 (90%)
SGA Classification 1.000
No risk 6 (60%) 7 (70%)
Nutritional risk 4 (40%) 3 (30%)

Abbreviations: BMI = body mass index; SGA = subjective global assessment; WC = waist

circumference; WHR = waist height ratio.



Table 4 — Effects of probiotic supplementation or placebo on renal function, inflammatory and metabolic parameters.
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Intervention Group (n = 10)

Control Group (n = 10)

Parameters Baseline After A P-value Baseline After A P-value P-value P-value
groups ANCOVA
eGFR(mL/min/1,73m?) 179422 19.6+2.3 1.7 <0.001 177429 151+2.8  -2.6(3.5; <0.001 <0.001 <0.001
(1.0; 1.7)
2.4)
Creatinine (mg/dL) 3.4+0.3 3.1+0.3 -0.3(- <0.001 3.5+0.3 42+0.5 0.7(0.3;  <0.001 <0.001 <0.001
0.5; - 1.0)
0.1)
Urea (mg/dL) 1329+13.6 128.0+12.7 -49(- 0546 1329+13.8 1543+13.0 21.4(11.3; <0.001  0.006 0.015
20.8; - 31.5)
10.9)
PCR 1.1£0.2 12402 0.1-  0.124 22407 22406  -0.02(-0.8;  0.957  0.136 0.675
0.04; 0.8)
0.4)
C-reactive protein (mg/L) 4.5+ 1.4 24+07  -2.1(- 0.008 154+75 283+12.0 129(.7, 0.013  0.004 0.030
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Potassium (mg/dL)

Phosphorus (mg/dL)

Calcium (mg/dL)

25(0OH)D (ng/mL)

PTH (pg/mL)

52+0.1

41+0.3

92102

204+13

319.8 £87.2

3.7; -
0.5)
49+0.1 -0.3 (-
0.5; -
0.1)
41402 0.1 (-
0.3;
0.4)
93+0.1 0.1 (-
0.3;
0.6)
279+21  -15¢(-
5.8;
2.9)
2583+773 -61.4(-
136.7;

13.8)

0.006

0.743

0.600

0.513

0.110

52+0.2 54+0.1
40+0.2 44+0.2
9.0+0.1 9.1+£0.2

27.1+£3.2 23.4+3.1

276.8 £45.0 351.2%61.5

23.1)

0.2 (-0.1;

0.6)

0.4 (-0.2;

0.9)

0.1 (-0.3;

0.5)

-3.7(-7.9;

0.5)

74.4 (2.4;

146.4)

0.189

0.061

0.688

0.084

0.043

0.002

0.207

0.923

0.469

0.011

0.012

0.223

0.483

0.359

0.033
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Alkaline phosphatase

(U/L)

Glucose (mg/dL)

Total cholesterol (mg/dL)

HDL cholesterol (mg/dL)

LDL cholesterol (mg/dL)

Triglyceride (mg/dL)

982+ 143 859+11.7 -12.2(-
25.6;
1.1)
124.1+104 105.8+7.7 ~-182(-
31.9; -
4.6)
157.5+9.6 1569+58 -0.5(-
20.6;
19.5)
405426  46.6+3.3 6.1
2.1;
10.0)
88.0+6.7 83.5+58  -4.5(-
22.7;
13.7)
1447113 140.6+13.8 -4.1(-

28,8;

0.072

0.009

0.957

0.003

0.627

0.745

75.7+£4.5

130.6 +25.9

181.1 £ 18.5

44.7+34

88.6 £11.5

137.4+18.3

80.0x6.1

152.1 £23.2

173.0 +£10.6

4441428

933£9.2

153.6 +22.7

432 (-2.8;

11.5)

21.5 (-15.6;

58.6)

-8.1 (-40.0;

23.8)

-0.3 (-7.2;

6.6)

4.8 (-3.4;

12.9)

16.2 (-12.3;

44.7)

0.236

0.256

0.619

0.928

0.251

0.265

0.032

0.049

0.695

0.115

0.361

0.292

0.172

0.037

0.412

0.181

0,294

0.364
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20.6)

Abbreviations: PCR = urinary protein-creatinine ratio; PTH = Intact parathyroid hormone; 25(OH)D = 25-hidroxivitamina D; eGFR = estimate

glomerular filtration rate; HDL = High Density Lipoprotein; LDL = Low Density Lipoprotein.



Table 5 — Effects of probiotic supplementation or placebo on 24-hour urinary parameters.
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Intervention Group (n = 10)

Control Group (n = 10)

Parameters Baseline After A P- Baseline After A P- P- P-value
value value value ANCOVA
groups

Total protein ~ 1305.0 +277.1  1345.8+292.0 -40.8(- 0.834  2064.2+587.0 2700.8+699.0 -636.6(- 0.085  0.154 0.206
(g/dL) 422.8; 1361.9;

341.2) 88.7)
Urea 21.5+2.0 19.3+2.1 -22(- 0311 18.5+2.0 20.1+£2.2 1.6 (0.1;  0.035  0.094 0.218
(mg/dL) 6.4;2.0) 3.2)
Calcium 38.4+10.0 423 +8.6 39(-6.3; 0453 279+ 6.6 30.2+5.1 23(-7.0; 0.623  0.826 0.459
(mg/dL) 14.1) 11.7)
Phosphorus 556.0 + 65.9 593.4 +34.8 37.4-  0.602 487.4+52.4 586.8 +57.9 99.4 0.003  0.434 0.771
(mg/dL) 103.0; (32.8;

177.8) 166.0)
Sodium 179.5 +16.7 194.2 +28.9 147 (- 0464 185.8 +21.4 192.4 +£16.8 6.6 (- 0.668  0.749 0.799




(mEq/L)

24.6;

54.0)

23.5;

36.7)
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Table 6 — Multiple regression analysis for the effects of probiotic supplementation.

A Parameters B3 P-value
eGFR -0.851 <0.001
Creatinine 0.839 <0.001
Urea 0.520 0.046
C-reative protein 0.709 0.012
Potassium 0.361 0.157
Phosphorus 0.132 0.603
Calcium 0.118 0.642
25(0OH)D -0.238 0.410
Intact parathyroid hormone 0.414 0.132
Alkaline phosphatase 0.362 0.181
Glucose 0.219 0.370
Total cholesterol -0.138 0.511
HDL cholesterol -0.318 0.247
LDL cholesterol 0.182 0.469
Triglyceride 0.256 0.203

Adjusted for group randomization, estimated glomerular filtration rate, creatinine

protein ration, antihypertensive use, Diabetes Mellitus diagnosis and age of baseline.
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Table 7 — Effects of probiotics supplementation or placebo in bowel habits and stool

consistency.
Intervention Group (n = 10) Control Group (n = 10)

Parameters Baseline After P- Baseline After P- P-value

value value | ANCOVA

ROMA III Criteria

Constipation 5 0 (0%) | 0.023 8 7 0.504 <0.001
(50.0%) (80.0%) | (70.0%)

No 5 10 2 3

constipation | (50.0%) | (100.0%) (20.0%) | (30.0%)

Bristol scale

Change 7 2 0.005 8 7 0.031 0.016
(70.0%) | (20.0%) (80.0%) | (70.0%)

No change 3 8 2 3
(30.0%) | (80.0%) (20.0%) | (30.0%)

Number of 6.10 = 7.00 £ 0.049 49+ 540+ | 0.380 0.584

evacuations 0.45 0.00 0.69 0.51

(weekly)
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7. CONCLUSOES

Foram observados efeitos significativos na reducdo da creatinina e da ureia
séricas, com reflexo no aumento da TFG estimada nos pacientes com DRC estdgio 3 a 5
que receberam a intervengao probioditca. Este ¢ um dado interessante, pois a melhora dos
marcadores de funcao renal ¢ um dos alvos do tratamento da DRC.

Ao avaliarmos a proteina C-reativa, reconhecido marcador inflamatorio,
verificamos a sua diminui¢do estatisticamente significativa no grupo intervencao, e
entre os grupos. E bem documentado na literatura cientifica que pacientes com DRC e
estado pro-inflamatdrio apresentam maior risco de desenvolvimento de patologias
cardiovasculares e progressdo da DRC.

Outro resultado esperado foi a melhora dos sintomas gastrointestinais, tais como
diminui¢do dos sintomas de constipacdo e melhora da consisténcia fecal no grupo
intervengdo. Esta melhora demonstra a boa aderéncia dos pacientes a suplementacao
probidtica, e pode potencialmente indicar a modificacdo na microbiota intestinal destes
pacientes.

A intervencdo com probidticos ndo mostrou efeitos nos pardmetros do
metabolismo mineral e Osseo, € no perfil lipidico durante as 24 semanas de

suplementagao.
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8. PERSPECTIVAS FUTURAS

Os efeitos do uso de suplementagdo com probidticos em pacientes, com DRC
nos estagios 3 a 5, ¢ um tema de estudo inovador. Até o presente momento na literatura
cientifica, foram publicados somente quatro estudos acerca do tema. Destes estudos,
nenhum avaliou concomitantemente marcadores de fungdo renal, inflamagao,
metabolismo mineral e dsseo, nutricionais e habitos intestinais.

A partir do material obtido no presente estudo ainda serdo analisados outros
parametros como toxinas urémicas, balanco nitrogenado de ureia, marcadores pro-
inflamatorios como as interleucinas, estado nutricional, consumo alimentar e a
modificacdo da microbiota intestinal em amostra fecal. Estas analises posteriores
certamente poderdo auxiliar na melhor compreensdo da relacdo bidirecional entre
intestino e rim nesses pacientes portadores de doenca renal.

O desenvolvimento de outros estudos clinicos com uso de probidticos em
pacientes renais devem ter no seu desenho um maior tempo de intervengdo, maior
numero de participantes, envolver delineamento do tipo crossover e a analise de
endotoxinas. Estas estratégias poderiam evidenciar achados potencialmente promissores
em outros parametros laboratoriais, além de proporcionar uma investigagdo mais

acurada sobre o tema.
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9. ANEXO - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

O projeto de pesquisa intitulado "Efeito do consumo de probiodticos em fatores
associados com progressdo da doenga renal cronica e risco cardiovascular" serd
desenvolvido no Servigo de Nefrologia do Hospital de Clinicas de Porto Alegre.

O individuo com doenca renal cronica pode apresentar alteracdes da flora
intestinal que, além de causar constipagdo, também parece afetar diversas funcdes da
saide. Tem sido sugerido que o desequilibrio do intestino pode colaborar com o
aumento de obesidade, acimulo de gorduras e toxinas no sangue, risco maior de
infec¢do e inflamagao. O consumo de probidticos tem sido sugerido como medidas para
auxiliar na recuperacdo da flora intestinal e promover equilibrio das funcdes do
intestino. Os probioticos sdo bactérias boas que vivem dentro do nosso intestino e, se
consumidas através de suplementos ou de alguns tipos de alimentos, podem auxiliar
para regulacdo das fun¢des do intestino refletindo na satude geral do organismo.

Na doenga renal cronica, alguns estudos de pesquisa mostraram beneficios do
consumo de probidticos como tratamento complementar da dieta, incluindo diminui¢do
das toxinas acumuladas devido a perda de funcdo dos rins, diminui¢cdo do colesterol,
melhora da constipacdo, entre outros. Evitar a perda de func¢do dos rins ¢ um dos
principais objetivos do tratamento da doenca renal cronica e acreditamos que a
regulacdo da fun¢do do intestino com o uso de probiodticos pode ajudar, quando
combinado com os demais tratamentos.

Este estudo tem por objetivo avaliar o efeito do consumo de probidticos em
fatores associados com progressdo da perda de funcao dos rins e o risco de desenvolver
doencas do coracdo. Também vamos verificar se o consumo de probidticos poderd

trazer beneficios como reducdo dos niveis de gordura do sangue e melhora do habito
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intestinal. Para avaliar os efeitos dos probioticos, os participantes serao divididos em 2
grupos através de um sorteio. Um grupo ira receber o suplemento com probidtico € o
outro grupo (chamado de controle) recebera um placebo (suplemento sem probiotico, o
qual ¢ feito de maltodextrina, um composto que ndo apresenta riscos para a saude). Nem
os participantes e nem os pesquisadores que o atenderdo, sabem qual o suplemento que
o Sr (a) estara recebendo.

Todos o0s participantes que aceitem em participar deste estudo serdo
acompanhados e avaliados por médico nefrologista e nutricionista. As consultas serdo
previamente agendadas, assim como as coletas de sangue e urina. Estes materiais serdo
analisados no Laboratorio de Andlises Clinicas do Hospital de Clinicas de Porto Alegre.
Uma amostra de sangue e uma amostra de fezes no periodo inicial e final do estudo
serdo congeladas e usadas nos casos de necessidade de repetir um exame ou dosagem de
novo exame laboratorial.

Nas consultas serdo realizadas avaliagdes nutricionais, orientagdes sobre a
alimentacdo saudével, avaliagdo do habito intestinal e a entrega do suplemento
(probiotico). Tais procedimentos ndo envolvem qualquer risco de vida para os pacientes.
O risco relacionado a coleta de sangue de uma veia do brago € a possibilidade de ocorrer
um pequeno hematoma (mancha roxa na pele) e dor no local da coleta. Quanto ao
consumo do probidtico, ndo foram identificados riscos conhecidos que possam trazer
danos a sua saude.

Nenhum beneficio financeiro sera obtido na participacdo do presente estudo
tanto para o Servico de Nefrologia, quanto para os(as) Sr.(as), mas a sua participagdo
serda muito importante para entender o efeito do consumo de probidticos no paciente

renal cronico. E nenhuma outra pessoa, além dos pesquisadores e de seus colaboradores
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diretamente envolvidos no projeto, terd acesso ao material proveniente da amostra de
sangue.

Bl ettt ettt e e s e s fui informado
dos objetivos especificados acima e da justificativa desta pesquisa de forma clara e
detalhada. Recebi informagdes especificas sobre cada procedimento no qual estarei
envolvido, do desconforto ou riscos previstos tanto quanto dos beneficios esperados.
Todas as minhas dividas foram respondidas com clareza e sei que poderei solicitar
novos esclarecimentos a qualquer momento.

Além disto, sei que novas informacdes obtidas durante o estudo me serdo
fornecidas e que terei liberdade de retirar meu consentimento de participagdo na
pesquisa em face destas informagdes. Sei também que a qualquer momento poderei
desistir de participar do estudo e esta decisdo ndo acarretard prejuizo no meu
atendimento médico assistencial. Para seu esclarecimento a qualquer momento ou em
caso de necessidade o(a) senhor(a) podera entrar em contato com os membros da equipe
de pesquisa do Servigo de Nefrologia pelo telefone da pesquisadora Thais Rodrigues
Moreira (051 9741 2834).

Fui orientado que as informag¢des por mim fornecidas terdo carater confidencial.
Fui informado que caso existam danos a minha saude causados diretamente pela
pesquisa, terei direito a tratamento médico conforme estabelece a lei. Também sei que

caso existam gastos adicionais, estes serdo absorvidos pelo orcamento da pesquisa.

Nome do Paciente:

Assinatura;

Nome do Pesquisador:




Assinatura;

Nome do Responsavel:

Assinatura;
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9. ANEXO 2 — CONSORT

88

t'g CONSORT 2010 checklist of information to include
when reporting a randomised trial*

Reported
Item on page
Section/Topic No Checklist item No
Title and abstract
1a Identification as a randomised trial in the title 45
1b  Structured summary of trial design, methods, 45
results, and conclusions (for specific guidance see
CONSORT for abstracts)
Introduction
Background 2a  Scientific background and explanation of 47
and objectives rationale
2b  Specific objectives or hypotheses 48
Methods
Trial design 3a  Description of trial design (such as parallel, 48
factorial) including allocation ratio
3b  Important changes to methods after trial 48
commencement (such as eligibility criteria), with
reasons
Participants 4a  Eligibility criteria for participants 48
4b  Settings and locations where the data were 49
collected
Interventions 5 The interventions for each group with sufficient 49
details to allow replication, including how and
when they were actually administered
Outcomes 6a Completely defined pre-specified primary and 50
secondary outcome measures, including how
and when they were assessed
6b  Any changes to trial outcomes after the trial 50
commenced, with reasons
Sample size 7a  How sample size was determined 51
7b  When applicable, explanation of any interim 51
analyses and stopping guidelines
Randomisation: 49
Sequence 8a Method used to generate the random allocation
generatio sequence
n 8b  Type of randomisation; details of any restriction 49
(such as blocking and block size)
Allocation 9 Mechanism used to implement the random 49
concealm allocation sequence (such as sequentially
ent numbered containers), describing any steps
mechanis taken to conceal the sequence until
m interventions were assigned
10  Who generated the random allocation sequence, 49



Implementation

Blinding 11a
11b
Statistical 12a
methods
12b
Results

Participant flow  13a
(a diagram is

strongly
recommended)

13b
Recruitment 14a

14b
Baseline data 15
Numbers 16
analysed

Outcomes and 17a
estimation

17b
Ancillary 18
analyses
Harms 19
Discussion
Limitations 20

Generalisability 21

Interpretation 22

Other information
Registration 23
Protocol 24

who enrolled participants, and who assigned
participants to interventions

If done, who was blinded after assignment to
interventions (for example, participants, care
providers, those assessing outcomes) and how
If relevant, description of the similarity of

interventions

Statistical methods used to compare groups for
primary and secondary outcomes

Methods for additional analyses, such as
subgroup analyses and adjusted analyses

For each group, the numbers of participants who
were randomly assigned, received intended
treatment, and were analysed for the primary

outcome

For each group, losses and exclusions after
randomisation, together with reasons
Dates defining the periods of recruitment and

follow-up

Why the trial ended or was stopped

A table showing baseline demographic and
clinical characteristics for each group

For each group, number of participants
(denominator) included in each analysis and
whether the analysis was by original assigned

52.68groups

For each primary and secondary outcome,
results for each group, and the estimated effect
size and its precision (such as 95% confidence

interval)

For binary outcomes, presentation of both
absolute and relative effect sizes is

recommended

Results of any other analyses performed,
including subgroup analyses and adjusted
analyses, distinguishing pre-specified from

exploratory

All important harms or unintended effects in
each group (for specific guidance see CONSORT for harms)

Trial limitations, addressing sources of potential
bias, imprecision, and, if relevant, multiplicity of

analyses

Generalisability (external validity, applicability) of

the trial findings

Interpretation consistent with results, balancing
benefits and harms, and considering other
relevant evidence

Registration number and name of trial registry
Where the full trial protocol can be accessed, if

available

48

49
49

51

52,68

52

52

52

80

68

58

49

89

69,70

52,68

74-77

78-79

55-58

55-58

48,49
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Funding 25  Sources of funding and other support (such as 59
supply of drugs), role of funders

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation
and Elaboration for important clarifications on all the items. If relevant, we also recommend reading
CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-
pharmacological treatments, herbal interventions, and pragmatic trials. Additional extensions are

forthcoming: for those and for up to date references relevant to this checklist, see www.consort-

statement.org.



