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DOMINGUES, Wagner Jorge Ribeiro. Oito semanas de suplementação de creatina 

associada à prática de atividade física não melhora a capacidade funcional função e 

regulação cardiovascular, mas mantém estáveis marcadores de função renal em 

pacientes com doença arterial periférica. 2018. 111 f. Tese (Doutorado em Educação 

Física) –Universidade Estadual de Londrina, Londrina, 2018. 

 

 

 

 

 

O objetivo do presente estudo foi investigar o efeito de oito semanas de suplementação de 

creatina associada à prática de atividade física na capacidade funcional, função e regulação 

cardiovascular e na função renal de pacientes com doença arterial periférica sintomáticos 

(DAP). Vinte e nove pacientes foram randomizados de maneira duplo-cega para receberem a 

administração de placebo (dextrose – Grupo PLA) ou creatina monohidratada (Grupo Cr), 

durante oito semanas (Uma semana – período de carregamento: 20g/ dia, quatro doses de 

cinco gramas e sete semanas – período de manutenção: cinco gramas, uma dose por dia). 

Associada à suplementação, todos os pacientes foram orientados a realizar o atividade física 

em casa (30-45 minutos de caminhada, ≥ três vezes/semana), monitorados por um pedômetro. 

Antes e após o período de intervenção, foram avaliados os parâmetros de marcha (teste de 

caminhada de 6 minutos), equilíbrio, velocidade de marcha e força de membros inferiores 

(Short Physical Performance Battery – SPPB), saturação de oxigênio do músculo da 

panturrilha (StO2), pressão arterial braquial e pressão arterial central, modulação autonômica 

cardíaca, rigidez arterial (indicador de onda refletida e velocidade de onda de pulso carótida-

femoral) e função renal. ANOVA não paramétrica para medidas repetidas foi utilizada, tendo 

como grupo (PLA e Cr) e o tempo (pré e pós-intervenção). Diferenças estatísticas 

significativas foram encontradas no tempo para os parâmetros de marcha (tempo e distância 

de claudicação), pressão arterial braquial e central (pressão arterial sistólica e diastólica) e 

rigidez arterial (indicador de onda refletida e velocidade de onda de pulso carótida de 

femoral). Para os demais parâmetros, não foram encontradas diferenças estatísticas 

significativas no tempo e na interação (grupo x tempo). Oito semanas de suplementação de 

creatina associada à prática de atividade física não altera os parâmetros de capacidade 

funcional, função e regulação cardiovascular e função renal de pacientes com claudicação 

intermitente sintomáticos. 

 

Palavras-chave: Suplementos nutricionais. Caminhada. Teste de caminhada. Doenças 

cardiovasculares. Claudicação intermitente. 
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DOMINGUES, Wagner Jorge Ribeiro. Eight weeks of creatine supplementation associated 

with physical activity practice does not improve functional capacity and cardiovascular 

function but maintains stable markers of renal function in patients with peripheral 

arterial disease. 2018.111 p. Tese (Doctoral Degree in Physical Education) – Universidade 

Estadual de Londrina, Londrina, 2018. 

 

 

 

 

 

The objective of the present study was to investigate the effect of eight weeks of creatine 

supplementation associated with physical activity on functional capacity, cardiovascular 

function and regulation, and renal function in patients with symptomatic peripheral arterial 

disease (PAD). Twenty-nine patients were randomized double-blind to receive placebo 

(dextrose - PLA group) or creatine monohydrate (Cr Group) for 8 weeks (1 week - loading 

period: 20g/day, 4 doses of 5g and 7 weeks - maintenance period: 5g, 1 dose/day). Associated 

with supplementation, all patients were instructed to perform physical activity (home-based 

exercise) (30-45 minutes of walking, ≥3x/week), monitored by a pedometer. Before and after 

the intervention period, functional capacity parameters (6-minute walking test), balance, 

walking speed and lower limb strength (Short Physical Performance Battery - SPPB), calf 

muscle oxygen saturation (StO2), brachial blood pressure and aortic blood pressure, 

autonomic cardiac modulation, arterial stiffness (reflected wave and carotid-femoral pulse 

wave velocity) and renal function. Non-parametric ANOVA for repeated measurements was 

used, having as a group (PLA and Cr) and time (pre  vs. post-intervention). Significant 

statistical differences were found in time for functional capacity parameters (time and 

claudication distance), brachial and central blood pressure (systolic and diastolic) and arterial 

stiffness (reflected wave and carotid-femoral pulse wave velocity). For the other parameters, 

no statistically significant differences were found in time and interaction (group x time). Eight 

weeks of creatine supplementation associated with physical activity does not alter the 

parameters of functional capacity, cardiovascular function and regulation, and renal function 

of patients with intermittent symptomatic claudication. 

 

Keywords: Dietary supplements. Walking. Walk test. Cardiovascular diseases. Intermittent 

claudication. 
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DAP Doença arterial periférica 

CI Claudicação intermitente 

NADH Enzima desidrogenase 

ATP Adenosina trifosfato 

Cr Creatina 

ADP Adenosina difosfato 

CHO Carboidrato 

CK Creatina quinase 
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DTM Distância total de marcha 

GAA Guanidino acetato 

GABA Ácido gama-aminobutírico 

Home-based exercise Atividade física em casa 

H+ Íons de hidrogênio 

HC Hospital das clínicas 

HRV Heart rate variability 

IMC Índice de massa corporal 

ITB Índice de tornozelo-braço 

Kg  quilograma 

LIP Lipídios 

mmHg Milímetros de mercúrio 

ml Mililitros 

min Minuto 

m2 Metro quadrado 

NIRS Near infrared spectroscopy 

PCK Fosfocreatina quinase 

PCr Fosforil creatina 

PLA Placebo 

Pi Fosfato inorgânico 

PTN Proteína 

RMSSD Raiz quadrada da média do quarado das diferenças entre os 

intervalos RR normais adjacentes 
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SDNN Desvio padrão entre os intervalos RR 

PNN50 Porcentagem dos intervalos adjacentes com mais de 50ms 

SPPB Short physical performance battery 

StO2 Saturação de oxigênio 

TC Tempo de claudicação 

USP Universidade de São Paulo 

 

 



 

 
 
 
 

1. INTRODUÇÃO GERAL E ESTRUTURA DA TESE ......................................... 13 

1.1 Introdução ................................................................................................................ 13 

1.2 Objetivos ................................................................................................................... 17 

1.3 Estrutura da tese ..................................................................................................... 17 

 

2. PROCEDIMENTOS METODOLÓGICOS ......................................................... 18 

2.1 Caracterização da Pesquisa .................................................................................... 18 

2.2 Amostra .................................................................................................................... 18 

2.3 Desenho experimental do estudo ............................................................................ 19 

2.4 Triagem .................................................................................................................... 20 

2.5 Randomização dos grupos ...................................................................................... 21 

2.6 Classificação dos desfechos ..................................................................................... 21 

2.7 Avaliações pré e pós intervenção ........................................................................... 22 

2.7.1 Teste caminhada de 6 minutos .................................................................................. 22 

2.7.2 Saturação de oxigênio do músculo da panturrilha (StO2) ......................................... 23 

2.7.3 Short Physical Performance Battery (SPPB) ............................................................. 23 

2.7.4 Pressão arterial braquial ............................................................................................ 24 

2.7.5 Pressão arterial central ............................................................................................... 24 

2.7.6 Rigidez arterial .......................................................................................................... 24 

2.7.7 Modulação autonômica cardíaca ............................................................................... 25 

2.7.8 Marcadores de função renal ...................................................................................... 26 

2.7.9 Níveis séricos de creatina plasmática ........................................................................ 26 

2.7.10 Hábitos alimentares ................................................................................................... 26 

2.8 Protocolo de suplementação ................................................................................... 27 

2.9 Atividade física em casa – Home-based exercise ................................................... 28 

2.10 Análise estatística .................................................................................................... 28 

 

3. RESULTADOS ........................................................................................................ 30 

3.1 Recrutamento e período de intervenção ................................................................ 30 

3.2 Artigo original 1 ....................................................................................................... 31 

3.3 Artigo original 2 ....................................................................................................... 50 

SUMÁRIO 



 

3.4 Artigo original 3 ....................................................................................................... 65 

 

4. CONSIDERAÇÕES FINAIS.................................................................................. 81 

 

5. REFERÊNCIAS ...................................................................................................... 82 

 

6. ANEXOS .................................................................................................................. 88 

 

7. APÊNDICES ............................................................................................................ 106 

 

 
 



13 

 

1. INTRODUÇÃO GERAL E ESTRUTURA DA TESE 

 

Introdução 

Objetivos 

Estrutura da Tese 

1.1 Introdução 

A doença arterial periférica (DAP) afeta três a 10% da população mundial, 

aproximadamente 202 milhões de pessoas,  acometendo 15 a 20% nos indivíduos acima de 70 

anos (FOWKES et al., 2013). No Brasil, DAP afeta 10,5% dos indivíduos (MAKDISSE et al., 

2008). Uma importante característica a ser observada nesses pacientes é a presença de outras 

doenças associadas como a doença arterial coronariana, doença arterial cerebral e a alta 

prevalência de hipertensão arterial, diabetes mellitus, disfunção renal, dislipidemia e síndrome 

metabólica (STERN et al., 2017), o que contribui para o alto risco de eventos 

cardiovasculares agudos (WEITZ et al., 1996). 

A DAP é geralmente resultado de um processo aterosclerótico, caracterizado pelo 

estreitamento da luz arterial com redução ou bloqueio do fluxo sanguíneo nas artérias que 

irrigam as regiões periféricas do corpo (GERHARD-HERMAN, 2017). O processo evolutivo 

da doença leva ao desenvolvimento do principal sintoma da DAP, a claudicação intermitente 

(CI), que se refere à dor, formigamento, ardência ou cãibras, que ocorrem durante a 

caminhada e são aliviadas quando os pacientes voltam ao repouso (MCDERMOTT, 2015). 

Este sintoma nunca está presente em repouso ou exacerbado pela posição (MORLEY et al., 

2018). 

Pacientes com DAP sintomáticos, apresentam diminuição da capacidade 

funcional, principalmente sobre capacidade de caminhada (MAUER et al., 2016). Esses 

pacientes costumam caminhar em passos curtos, por possuir uma cadência lenta devido ao 

déficit de equilíbrio, o que leva a uma redução da velocidade de marcha e da capacidade de 

percorrer longas distâncias (CHEN et al., 2017). Nesses pacientes, a baixa da capacidade 

funcional têm sido associada a um aumento da mortalidade (MORRIS et al., 2014).  

O tratamento dos pacientes com DAP envolve alteração ou eliminação dos fatores 

de risco relacionados a aterosclerose, controle de doenças associadas, modificação no estilo 
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de vida e aderência à prática de exercício físico (GERHARD-HERMAN, 2017). 

Especificamente ao exercício físico realizado em casa, este tem sido uma estratégia 

recomendada para esses pacientes (GERHARD-HERMAN, 2017; MCDERMOTT, 2017). No 

entanto, esses pacientes tem encontrado algumas barreiras para a prática de atividade física, 

dentre elas, a dor durante a caminhada (BARBOSA et al., 2015). Isso corre por disfunções 

metabólicas no músculo da região periférica durante o esforço físico. 

As consequências fisiológicas em pacientes com DAP está relacionado ao 

aumento relativo na expressão mitocondrial, provavelmente causada por uma compensação da 

insuficiência de oxigênio no músculo periférico durante o esforço físico (RONTOYANNI et 

al., 2017; SCHAARDENBURGH et al., 2017). Outra deficiência no metabolismo energético 

de pacientes com DAP está relacionada à cadeia de transporte de elétrons. Essa deficiência 

afeta as atividades da enzima desidrogenase (NADH) e da ubiquinona: citocromo C 

oxidorredutase, o que contribui para uma disfunção na produção de adenosina trifosfato 

(ATP) no músculo exercitado (BRASS; HIATT; GREEN, 2004; RONTOYANNI et al., 

2017). Diante disso, é necessário identificar novas estratégias que possam melhorar essa 

disfunção metabólica e, consequentemente a capacidade funcional, e o prognóstico 

cardiovascular nesses pacientes. 

Desde que Harris, Soderlund e Hultman (1992) demonstraram que a 

suplementação de creatina aumenta o conteúdo de Cr muscular, ao longo dos últimos anos sua 

utilização tem sido estendida para o campo terapêutico como alternativa de tratamento de 

doenças musculares (GUALANO et al., 2012; WALLIMANN; HARRIS, 2016; 

WALLIMANN; RIEK; MÖDDEL, 2016), metabólicas (TARNOPOLSKY, 2007) e, 

cardiovasculares (BALESTRINO et al., 2016; CORNELISSEN et al., 2010). Adicionalmente, 

diversos estudos tem demonstrado que a suplementação de Cr é segura, principalmente no que 

diz respeito a função renal (KREIDER et al., 2017; LUGARESI et al., 2013). 

A Creatina é uma substância natural no corpo humano, é parcialmente sintetizada 

pelos rins, pâncreas e fígado (aproximadamente 1-2g/ dia), bem como ingeridas a partir de 

alimentos de origem animal (aproximadamente 1-5g/ dia), especialmente carnes vermelhas e 

peixes. A síntese de creatina ocorre a partir dos aminoácidos arginina, metionina e glicina. No 

nosso organismo, a Cr é encontrada nas formas livre (60 a 70%) ou fosforilada (30 a 40%), e 

cerca de 95% é armazenada no músculo esquelético (WALLIMANN; HARRIS, 2016; 

WALLIMANN; TOKARSKA-SCHLATTNER; SCHLATTNER, 2011). 
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Nesse contexto, a suplementação de creatina associada à atividade física aparece 

como uma estratégia a fim de melhorar os desconfortos sofridos por esses pacientes, podendo 

trazer benefícios para a capacidade funcional. Alguns estudos prospectivos, tem demonstrado 

efeitos positivos, sendo considerado o principal, a melhora da função física (GUALANO et 

al., 2014; JOHANNSMEYER et al., 2016). De fato, essa estratégia tem recebido bastante 

atenção, pois a magnitude dessas mudanças é maior do que as encontradas no em programas 

de atividade física isolada (GUALANO et al., 2014). 

Apesar de bem elucidado na literatura o efeito da suplementação de creatina no 

desempenho funcional de diversas populações clínicas, poucos estudos têm investigado a 

adaptação no sistema cardiovascular. Um estudo meta-analítco, demonstrou que pacientes 

com insuficiência cardíaca, após receberem infusão intravenosa de fosforilcreatina, 

melhoraram significativamente os parâmetros cardíacos, dentre eles a prevenção de arritmias 

(MINGXING et al., 2018). Além disso, o efeito da suplementação tem sido evidenciado na 

atenuação da rigidez arterial (SANCHEZ-GONZALEZ et al., 2011). Entretanto outros 

estudos, no que diz respeito aos seus efeitos sobre os indicadores de saúde cardiovascular, tem 

demonstrado resultados controversos (WALLIMANN; HARRIS, 2016). 

Os potenciais efeitos ergogênicos da suplementação de creatina na capacidade 

funcional e no sistema cardiovascular  podem estar atrelados a alguns mecanismos. No que 

diz respeito a capacidade funcional, a creatina atua na rápida provisão de energia durante a 

contração muscular envolvendo a transferência do grupo N-fosforil para fosforilcreatina (PCr) 

para adenosina difosfato (ADP) para regenerar adenosina trifosfato (ATP) através de uma 

reação reversível catalisada pela enzima creatina quinase (CK) (WALLIMANN; 

TOKARSKA-SCHLATTNER; SCHLATTNER, 2011). Além disso, a Cr é responsável pela 

transferência de energia das mitocôndrias para o citosol (GREENHAFF, 2001; 

WALLIMANN; HEMMER, 1994; WYSS; KADDURAH-DAOUK, 2000).  

Outra importante função está relacionada ao sistema PCr-PCK, que envolve a 

manutenção da relação ATP/ADP, melhorando a respiração mitocondrial; atenuando o 

aumento de ADP e, consequentemente, minimizando à perda de nucleotídeos de adenina; 

promovendo a redução do estresse oxidativo através da ação antioxidante direta e indireta, 

além da manutenção do pH causada pelo aumento da acidose, utilizando íons de hidrogênio 

(H
+
) durante a reação da enzima CK, além da glicólise e ativação da glicogenólise através da 

liberação de fosfato inorgânico (Pi), integrando assim a degradação de carboidratos e Cr para 
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o fornecimento de energia no início do exercício (DEMANT; RHODES, 1999; LAWLER et 

al., 2002; SESTILI et al., 2011; WALLIMANN; TOKARSKA-SCHLATTNER; 

SCHLATTNER, 2011). 

Do ponto de vista ao sistema cardiovascular, um dos principais mecanismos 

relacionados a suplementação de creatina está na sua atuação sobre sistema nervoso central. O 

guanidino acetato (GAA) é um precursor da creatina, no qual é sintetizado pela metilação do 

GAA (WALLIMANN; TOKARSKA-SCHLATTNER; SCHLATTNER, 2011). Assim, os 

receptores do ácido gama-aminobutírico (GABA), um dos principais neurotransmissores, 

inibidor do sistema nervoso central, são ativados pelo GAA de uma forma agonista (KOGA et 

al., 2005; MEREGE-FILHO et al., 2016). Diante disso, a suplementação de creatina poderia 

atuar de forma indireta na estimulação do meta-baroceptor no músculo ativo, podendo 

contribuir para atenuar a frequência cardíaca,  e a pressão arterial (SANCHEZ-GONZALEZ 

et al., 2011). 

Embora as recomendações sobre utilização da creatina para indivíduos com 

limitação na capacidade funcional e nos indicadores de saúde cardiovascular sejam 

recomendados, e com base em um único estudo de revisão (CÂMARA; SUZIGAN; 

STARLING, 2013), no qual apontou escassez de pesquisas referentes a utilização dessa 

estratégia em pacientes DAP, nenhum estudo se propôs a verificar o efeito da suplementação 

de creatina associada à atividade física na capacidade funcional, função e regulação 

cardiovascular e na função renal nesta população. Este tipo de estratégia nutricional parece 

promissor, visto que esses pacientes possuem limitação de locomoção e um elevado risco 

cardiovascular. 

Desse modo, acreditando que indivíduos com DAP sintomáticos, poderão ter uma 

maior independência para a realização de atividades da vida diária, devido à uma possível 

melhora da capacidade funcional, além da redução do risco de mortalidade por eventos 

cardiovasculares, a hipótese do presente estudo é que a suplementação de creatina associada à 

prática de atividade física, poderá promover melhoraria da capacidade funcional, do sistema 

cardiovascular, sem prejudicar a função renal desses pacientes. 
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1.2 Objetivos  

Verificar o efeito de oito semanas de suplementação de creatina associada à 

prática de atividade física em pacientes com doença arterial periférica sobre a: 

- Capacidade funcional e a saturação de oxigênio muscular periférica; 

- Pressão arterial braquial, pressão arterial central, rigidez arterial e modulação 

autonômica cardíaca; 

- Função renal 

1.3 Estrutura da tese 

Esta tese está estruturada no “Modelo Escandinavo”, seguindo a instrução 

normativa 01/2017 do Programa de Pós-Graduação Associado em Educação Física 

UEL/UEM, composta por quatro capítulos. No primeiro capítulo estão apresentados a 

introdução, justificativa, problema e objetivos. O capítulo dois é composto pelos 

procedimentos metodológicos do trabalho. O capítulo três apresentam os resultados composto 

pelos seguintes artigos: 1) Effect of creatine supplementation associated with home-based 

exercise on the functional capacity and muscle oxygen saturation of patients with 

symptomatic peripheral arterial disease: a randomized double blind clinical trial; 2) Creatine 

supplementation associated with home-based exercise does not change hemodynamic, 

autonomic and arterial stiffness parameters in patients with symptomatic peripheral arterial 

disease: A double blind randomized clinical trial. 3) Does creatine supplementation affect 

renal function in patients with peripheral artery disease? A double blind randomized clinical 

trial. Capítulo quatro: Considerações finais. 

 

 

 

 

 

 



18 

 

 

2. PROCEDIMENTOS METODOLÓGICOS 

 

 

Delineamento do estudo 

Amostra 

Desenho do estudo 

Medidas e avaliações 

Análise estatística 

 

2.1 Caracterização da Pesquisa 

Essa pesquisa caracteriza-se como um ensaio clínico pragmático, aleatorizado, 

duplo cego, controlado por placebo com testes pré e pós intervenção, com objetivo de 

verificar a efetividade da suplementação. O presente estudo está cadastrado Clinical Trials – 

www.clinicaltrials.gov - sob o registro: NCT02993874 (ANEXO I). 

 

2.2 Amostra 

 

Para detectar um aumento da capacidade total de marcha de 25.29 metros com 

intervalo de confiança (-19, 33; 69, 92) (CARVALHO et al., 2012) considerando poder de 

80% e erro alfa de 0,05, seria necessário incluir 76 pacientes (38 em cada grupo), porém não 

conseguimos atingir esse objetivo. Para tanto, foi realizado o cálculo de poder amostral, com 

80% de probabilidade e um tamanho de efeito de 0,05 para observar o efeito da intervenção. 

Os pacientes, de ambos os sexos, foram recrutados no Ambulatório de Doenças 

Vasculares do Hospital das Clínicas da Universidade de São Paulo – HC-USP. Após serem 

esclarecidos de todos os procedimentos do estudo, os pacientes assinaram um Termo de 

Consentimento Livre e Esclarecido (Apêndice I). Este estudo foi aprovado pelo Comitê de 

Ética em Pesquisa do Hospital Israelita Albert Einstein (parecer nº 62601416.7.0000.0071) 

(ANEXO II) e pelo HC-USP (parecer nº 62601416.7.3003.0068) (ANEXO III). 
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Foram estabelecidos os seguintes critérios de inclusão: a) Presença de sintomas de 

CI durante o teste de caminhada de seis munutos, b) índice de tornozelo-braço <0,90 em um 

ou ambos os membros, c) CI sintomática determinada a partir do histórico clínico, d) estar 

apto à prática de exercício físico em casa, e) não possuir doença renal crônica (depuração de 

creatinina < 30ml/min). 

Para a exclusão dos pacientes foram adotados os seguintes critérios:  a) 

apresentassem agravamento das comorbidades associadas (ex: níveis descontrolados de 

pressão arterial sistólica e diastólica maiores que 180 mmHg ou 110 mmHg, 

respectivamente), b) apresentassem algum comprometimento na saúde durante a intervenção. 

 

2.3 Desenho experimental do estudo 

 

O programa de intervenção teve duração de 10 semanas e foi dividido em duas 

etapas: 1) triagem  e 2) protocolo experimental. O protocolo experimental consistiu em 

avaliações iniciais (pré), oito semanas de suplementação de creatina (Cr) e/ou placebo (PLA) 

associada à prática de exercício físico, e avaliações pós-intervenção. O desenho experimental 

do estudo está apresentado na figura 1.  
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Figura 1. Desenho do estudo 

2.4 Triagem 

 

Os pacientes responderam a um questionário pré-estruturado (APÊNDICE II) com 

o objetivo de obter informações referentes à idade, sexo e fatores de risco cardiovascular 

(medicamentos, presença de doenças como diabetes, hipertensão, dislipidemia, tabagismo e 

nível de atividade física). Para obtenção de informações sobre o controle da medição, foi 

solicitado que os mesmos trouxessem ao laboratório todos os medicamentos e as receitas para 

que pudesse fazer o controle da classe medicamentosa, dosagem e a frequência de uso diário. 

O diagnóstico de confirmação da DAP foi obtido por meio do San Diego Claudication 

Questionnaire. Esse questionário consiste de 10 perguntas sobre as características da dor dos 

pacientes, permitindo classificar os sintomas em cinco categorias: sem dor, dor em repouso, 

dor sem ser na panturrilha, dor na panturrilha atípica e sintomas clássicos de CI (CRIQUI et 

al., 1996).  

Além disso, a medida do índice de tornozelo-braço foi obtida por meio da pressão 

arterial sistólica do braço e do tornozelo nos dois membros (direito e esquerdo), medidas em 

triplicata. A aferição da pressão arterial foi feita com o uso de um doppler vascular (DV610, 

Medmega, Brasil) e um esfigmomanômetro aneroide devidamente calibrado. Após posicionar 

o doppler sobre a artéria braquial (para a medida no braço) e sobre as artérias pediosa ou tibial 
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posterior (tornozelo), o manguito foi inflado até 20 mmHg acima do nível estimado da 

pressão arterial sistólica. A determinação da pressão arterial sistólica foi feita no momento do 

aparecimento do primeiro som (fase I de Korotkoff). As medidas no braço e tornozelo foram 

realizadas por um único avaliador. Em posse desses dados, foi calculado o ITB de cada lado 

do corpo por meio da divisão da pressão arterial sistólica do tornozelo (maior pressão arterial 

sistólica entre os dois pontos anatômicos medidos) pela pressão arterial sistólica do braço 

(maior pressão arterial sistólica entre os dois braços) (HIRSCH et al., 2006). Foram obtidas 

também a massa e estatura corporal. Em posse desses dados foi calculado o índice de massa 

corporal (IMC), por meio do quociente entre o peso (kg) e o quadrado da estatura (m
2
). 

 

2.5 Randomização dos grupos  

 

Todos os pacientes foram alocados aleatoriamente para os grupos experimentais: 

Grupo com suplementação de Placebo (PLA) ou grupo com suplementação de creatina (Cr). 

O sorteio foi definido através de números aleatórios (1 : 1) gerados no site 

www.randomizer.org pareados por sexo, idade e distância total de marcha, de modo que os 

dois grupos tivessem as mesmas características. O processo de randomização foi realizado por 

um terceiro pesquisador, experiente, no qual não estava envolvido diretamente com a 

pesquisa. 

 

2.6 Classificação dos desfechos 

 

O objetivo do estudo foi verificar o efeito da suplementação de creatina associada 

à prática de exercício físico sobre a capacidade funcional, função e regulação cardiovascular e 

na função renal de pacientes com DAP sintomáticos. Para tanto, foi considerado como 

desfecho primário a capacidade de caminhada. Foram considerados desfechos secundários: a) 

saturação de oxigênio muscular do músculo da panturrilha, b) equilíbrio, velocidade de 

marcha e força de membros inferiores, c) indicadores de função e regulação cardiovascular, d) 

função renal. Como variáveis de controle foram considerados: a) níveis séricos de creatina 
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plasmática, b) ingestão de macronutrientes, c) quantidade de passos realizados no exercício 

em casa. 

 

2.7 Avaliações pré e pós intervenção 

 

As avaliações foram realizadas antes e após oito semanas de intervenção. As 

avaliações da capacidade funcional e saturação de oxigênio foram realizadas no Ambulatório 

de Doenças Vasculares do HC-USP. Os indicadores de função e regulação cardiovascular 

foram avaliados no laboratório do Grupo de Estudo e Pesquisa em Intervenções Clínicas nas 

Doenças Cardiovasculares no Hospital Israelita Albert Einstein – Unidade Vila Mariana. Os 

exames sanguíneos para avaliação da função renal e dos níveis séricos de creatina plasmática 

foi realizado em um laboratório terceirizado sem custo aos participantes da pesquisa, pagos 

pelos próprios pesquisadores. Antes das coletas os pacientes foram orientados a manter o 

padrão alimentar, não realizar exercício físico extenuante, não consumir bebidas alcoólicas 24 

horas antes das avaliações, manter a rotina normal de utilização da medicação. 

 

2.7.1 Teste caminhada de 6 minutos 

 
Para a avaliação da capacidade funcional foi utilizado teste de seis minutos em um 

corredor de 30 metros, seguindo o protocolo previamente descrito (MONTGOMERY; 

GARDNER, 1998). Para a realização do teste, os pacientes foram instruídos a completar 

tantas voltas quanto fossem possíveis. Foi permitido ao paciente interromper a caminhada 

durante o teste caso o sintoma de claudicação se tornasse intolerável, porém o cronômetro não 

foi interrompido durante este momento. Os pacientes que pararam de caminhar por conta dos 

sintomas de CI foram encorajados a retornar à caminhada quão breve possível. Ao final do 

teste, quando foi atingido o tempo de seis minutos, foi identificado a distância total de marcha 

(DTM). Durante o teste, foi anotado o tempo (TC), bem como a distância de claudicação de 

cada paciente (DC). 
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2.7.2 Saturação de oxigênio do músculo da panturrilha (StO2) 

 

A StO2 da região da panturrilha foi verificada através da saturação do oxigênio 

(StO2) e, foi mensurada continuamente durante 12 minutos, utilizando um método não 

invasivo, por um aparelho de infravermelho proximal (Near – infrared Spectroscopy – NIRS, 

PortaMon, Artinis Medical Systems). A NIRS avalia uma combinação de moléculas de oxi 

hemoglobina e desoxi hemoglobina. Devido à variação dos espectros de absorção de ambas as 

moléculas, obtêm-se a concentração relativa da hemoglobina oxigenada e não oxigenada.  

O sensor foi colocado na região da panturrilha, na perna de menor ITB. Antes (3 

minutos de avaliação em repouso), durante (6 minutos - esforço) e, após (3 minutos – período 

de recuperação) ao teste de caminhada de 6 minutos, foram obtidos os valores dos seguintes 

parâmetros: saturação em repouso (StO2 repouso). Durante o exercício, o valor mínimo de 

StO2 (StO2 mínimo), o tempo necessário para atingir o valor mínimo (tempo até o mínimo da 

StO2). O final do teste de caminhada de 6 minutos foi registrado (final TC – 6 min), bem 

como o valor máximo da StO2 da panturrilha durante a recuperação (máxima StO2). O tempo 

de recuperação para a StO2 atingir o valor total (tempo de recuperação da StO2) e o valor 

máximo da StO2 (tempo de recuperação até o máximo da StO2) do músculo da panturrilha 

foram registrados (CAVALCANTE et al., 2017; GARDNER et al., 2008). 

 

2.7.3 Short Physical Performance Battery (SPPB) 

 
A capacidade funcional também foi avaliada pelo SPPB (GURALNIK et al., 

1994), composto por quatro testes que avaliam o equilíbrio, a marcha e a força de membros 

inferiores. O equilíbrio foi avaliado em três posições dos pés: 1) em paralelo, 2) com o hálux 

encostado na borda medial do calcanhar e 3) com o hálux encostado na borda posterior do 

calcanhar. Atribuiu-se 1 ponto se realizado em tempo < 10”; zero se fosse > 10”, para os dois 

primeiros testes. No terceiro teste, a pontuação varia de zero para < 3”; 1 entre 3” e 9, 99”; e 2 

se for > 10”.  

Para avaliação da marcha foi utilizado um cronômetro para registrar o tempo que 

o indivíduo levou para percorrer um corredor de 4 metros (ida e volta), repetindo duas vezes o 
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percurso. A pontuação do instrumento variou de: zero, quando incapaz; 1, se > 8,70”; 2 se o 

tempo variou entre 6,21 e 8, 70”; 3 entre 4,82” e 6,20”; e 4, se o tempo fosse < 4,82”. 

A força muscular dos membros inferiores foi obtida por meio do tempo que o 

indivíduo levou para levantar-se de uma cadeira com os membros superiores cruzados sobre o 

peito, repetindo o teste cinco vezes consecutivas. Os escores variam de acordo com o tempo 

gasto: zero quando incapaz; 1, se > 16,7”; 2 entre 13,7” e 16,69”; 3, tempo entre 11,2” e 

13,69”; e 4 se tempo < 11,19”. O escore total da bateria de teste, obtido pela soma das 

pontuações de cada teste, permite valores entre zero e 12 pontos. 

 

2.7.4 Pressão arterial braquial 

 
A pressão arterial braquial foi avaliada por meio de um monitor eletrônico digital 

(HEM-742, Omron Healthcare, Japão), com deflação e inflação automático de ar. Para essa 

medida, os pacientes permaneceram por dez minutos em repouso sentado. Foram realizadas 

três medidas consecutivas, com um minuto de intervalo, em ambos os braços. O valor 

utilizado foi a média das duas últimas medidas, conforme recomendado pelas diretrizes 

nacionais (MALACHIAS et al., 2016). 

 

2.7.5 Pressão arterial central 

 
A medida da pressão arterial central foi obtida pela análise da onda de pulso da 

artéria radial por meio da técnica de tonometria de aplanação (SphygmoCor, AtCor Medical 

Australia). Para tanto, após pelo menos 15 minutos de repouso na posição supina, foram 

utilizados 11 segundos de gravação da onda da pressão arterial radial. Após esse 

procedimento o Software SphyngmoCor deriva a onda de pressão da aorta ascendente, 

equivalente à onda de pressão medida por um cateter invasivo. Foram obtidas as pressões 

centrais: sistólica e diastólica (SIEBENHOFER et al., 1999). Para melhorar a acurácia na 

medida, somente foram considerados válidos, os valores cujos índices eram maiores que 90%. 

 

2.7.6 Rigidez arterial 
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A rigidez arterial periférica foi obtida seguindo os mesmos procedimentos para 

obtenção da pressão arterial central. Foram obtidos os parâmetros de pressão de pulso, índice 

de aumento e índice de aumento corrigido por 75 batimentos por minuto pela técnica de 

tonometria de aplanação e análise da onda radial (SphygmoCor, AtCor Medical Australia) 

(O’ROURKE; PAUCA; JIANG, 2001).  

Utilizando a mesma técnica, a avaliação da rigidez arterial central foi obtida a 

partir da velocidade da onda de pulso seguindo as orientações da Clinical Application of 

Arterial Stiffness, Task Force III (VAN BORTEL et al., 2002). Para tanto, as ondas de pulso 

carótida-femoral foram registradas sequencialmente por transdutores transcutâneos 

posicionados sobre as artérias. O registro eletrocardiográfico foi obtido simultaneamente às 

medidas como padrão de referência para calcular o tempo de trânsito da onda de acordo com 

o método “foot-to-foot”. As distâncias entre as superfícies foram medidas pelo avaliados entre 

o ponto de maior pulso carotídeo e da fúrcula esternal; e entre a fúrcula esternal e o ponto de 

maior pulso da artéria femoral. A distância percorrida pela onda de pulso foi calculada pela 

subtração da distância mais distal e a proximal. A velocidade de onda de pulso foi calculada 

como = distância percorrida pela onda de pulso (m)/ tempo de trânsito da onda (s). 

 

2.7.7 Modulação autonômica cardíaca 

 

A modulação autonômica do sistema cardiovascular foi avaliada pela técnica da 

variabilidade da frequência cardíaca. Para tanto, após pelo menos 20 minutos de repouso, os 

pacientes permaneceram 10 minutos deitados, período no qual foram registrados os intervalos 

RR, por meio de um monitor de frequência cardíaca previamente validado (V800, Polar 

Electro, Finlândia). Foi considerado um sinal válido aqueles com pelo menos cinco minutos 

de sinal estacionário. Após a coleta, os intervalos RR foram exportados para o programa 

Kubios HRV (Version 3.0, Biosignal Analysis and Medical Imaging Group, Finlândia), cujas 

análises foram realizadas (domínio do tempo e da frequência). Os parâmetros do domínio do 

tempo, desvio padrão de todos os intervalos RR (SDNN), raiz quadrada da média do quadrado 

das diferenças entre os intervalos RR normais adjacentes (RMSSD) e porcentagem dos 

intervalos adjacentes com mais de 50ms (PNN50) foram obtidos. Os parâmetros do domínio 

da frequência foram obtidos pela técnica da análise espectral, utilizando o método 
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autorregressivo, com a ordem do modelo de 12 pelo critério de Akaike. Consideraram-se 

como fisiologicamente significativas as frequências entre 0,04 e 0,4 Hz, sendo o componente 

de baixa frequência representado pelas oscilações entre 0,04 e 0,15 Hz e o componente de alta 

frequência entre 0,15 e 0,4 Hz. O poder de cada componente espectral será calculado em 

termo(s) normalizado (os), que foi realizado dividindo-se o poder de cada banda pelo poder 

total, do qual foi subtraído o valor de banda de muito baixa frequência (<0,004 Hz), sendo o 

resultado multiplicado por 100 (TASK FORCE OF THE EUROPEAN SOCIETY OF 

CARDIOLOGY, 1996). 

 

2.7.8 Marcadores de função renal 

 
Os marcadores de função renal foram analisados por meio da depuração de 

creatinina em amostra de 24 horas. Para isso, foram coletadas amostras de sangue, na veia 

antecubital, e armazenadas em tubos de 10 ml (BD Vacutainer) contendo coágulo separador 

(coagulador separador de soro Z). A urina foi coletada durante um período de 24 horas em um 

recipiente sem conservante, negligenciando a primeira coleta. Para mensuração do volume 

urinário foram consideradas amostras de 500 a 1000 ml. Os níveis de creatinina urinária 

foram determinados pelo método de Jaffé sem desproteinização (TOORA; RAJAGOPAL, 

2002). 

 

2.7.9 Níveis séricos de creatina plasmática 

 

Para verificar se os pacientes ingeriram a suplementação recomendada de 

creatina, foi realizado o exame de creatina plasmática, em uma sub-amostra (n= 9 pacientes), 

pelo método de Cromatografia Líquida Acoplada à Espectrometria de Massa (LC – MS/MS) 

(KATZ et al., 1998; KENKEL, 2010). 

 

2.7.10 Hábitos alimentares 
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Para avaliação do consumo alimentar foi aplicado o recordatório alimentar de 24 

horas. Os participantes foram questionados quanto ao consumo de alimentos e bebidas 

durante as 24 horas que antecederam a sessão experimental. Registro fotográfico e utensílios 

de cozinha (copos, xícaras e talheres) foram utilizados para orientar os pacientes em caso de 

dúvidas e assim minimizar a sub e/ou superestimação das quantidades. A avaliação 

nutricional foi realizada pelo programa Nutripad 2.0. Os participantes foram orientados, 

também, para manterem seus hábitos alimentares ao longo do estudo. A ingestão de água foi 

ad libitum. Foram avaliados os seguintes macronutrientes: carboidratos (CHO), proteínas 

(PTN) e lipídios (LIP). 

 

2.8 Protocolo de suplementação 

 

Os participantes foram direcionados para receberem as seguintes substâncias: 

 Creatina monohidratada (Creapure, Trostberg, Alemanha®) ou Placebo 

(dextrose – Probiótica, Brasil®) 

o Carregamento – 4 doses de 5g/ dia, durante 1 semana (7 dias) 

o Manutenção – 1 dose diária de 5g/ dia, durante 7 semanas (49 dias) 

subsequentes.  

o Os suplementos foram oferecidos em forma de sachês com cor e textura 

semelhantes. Os participantes foram orientados a ingerirem os sachês de manhã, no almoço, a 

tarde e a noite no período de carregamento, e após o almoço na fase de manutenção. Foi 

enfatizado que todos mantivessem seus hábitos alimentares rotineiros durante todo o período 

de duração do estudo (figura 2). A creatina monohidratada fornecida aos pacientes possui em 

elevado grau de pureza conforme o relatório fornecido pelo fabricante (ANEXO IV). Todo o 

procedimento de cegamento e entrega dos suplementos aos participantes do estudo foram 

realizados por uma terceira pessoa, ao qual não estava envolvida diretamente ao estudo. 
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Figura 2. Protocolo de suplementação aos pacientes do estudo 

 

2.9 Atividade física em casa – Home-based exercise 

 

Todos os indivíduos foram orientados a realizarem 30 a 45 minutos de caminhada, 

por um período ≥ 3 vezes por semana, segundo as recomendações internacionais para 

tratamento em pacientes com DAP (GERHARD-HERMAN, 2017; HIRSCH et al., 2006). 

Todos os pacientes foram monitorados por um monitor (Polar A300, Finlândia), previamente 

validado (BOESELT et al., 2016), para mensurar a quantidade de passos realizados. A cada 

semana, todos os pacientes eram estimulados, por meio de ligações telefônicas. 

 

2.10 Análise estatística 

 

A normalidade dos dados foi verificada pelo teste de Shapiro-Wilk. O perfil dos 

pacientes foi comparado entre os dois grupos estudados por meio do teste de Qui-quadrado 

(variáveis categóricas) e teste U-Mann-Whitney (variáveis numéricas ou categóricas ordinais). 

Para avaliar as variáveis do desfeho primário (capacidade funcional), além dos desfechos 

secundários (saturação de oxigênio muscular, SPPB, marcadores de função renal) e variáveis 

de controle (níveis séricos de cretina plasmática, macronutrientes e quantidades de passos 

realizados), no período pré e pós intervenção, considerando o efeito de grupo e interação entre 
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grupo x tempo, foram utilizadas a ANOVA não-paramétrica (ANOVA NPar) para medidas 

repetidas. Quando identificadas interações significativas, foi utilizado o post hoc de 

Bonferroni. As análises foram conduzidas no programa R (R Core Team, 2017). O nível de 

significância global foi de 5%. 
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3. RESULTADOS 

 

 

Recrutamento e período de intervenção 

 

Artigo original 1 

Effect of creatine supplementation associated with home-based exercise on the functional 

capacity and muscle oxygen saturation of patients with symptomatic peripheral arterial 

disease: a randomized double blind clinical trial. 

 

Artigo original 2 

Creatine supplementation associated with home-based exercise does not change 

hemodynamic, autonomic and arterial stiffness parameters in patients with symptomatic 

peripheral arterial disease: A double blind randomized clinical trial 

 

Artigo original 3 

Does creatine supplementation affect renal function in patients with peripheral artery 

disease? A double blind randomized clinical trial 

 

3.1 Recrutamento e período de intervenção 

O período de recrutamento e intervenção do presente estudo ocorreu entre janeiro de 2016 

à junho de 2017. 
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3.2 Artigo original 1 

Original article 

 

Effect of creatine supplementation associated with home-based exercise on the 

functional capacity and muscle oxygen saturation of patients with symptomatic 

peripheral arterial disease: a randomized, double-blind, placebo-controlled, clinical 

trial. 

 

Headings: Creatine supplementation in PAD patients 

 

Wagner Jorge Ribeiro Domingues
1
, Raphael Mendes Ritti-Dias

2
, Gabriel Grizzo Cucato

3
, 

Nelson Wolosker
3
, Antonio Eduardo Zerati

4
, Daniel Boari Coelho

5
, Pedro Puech-Leão

6
, 

Ademar Avelar
7
. 

 

1
Physical Education and Sport Center, Londrina State University, Londrina, Parana, Brazil; 

2
Postgraduate Program in Rehabilitation Sciences, Nove de Julho University, Sao Paulo, 

Brazil, 
3
Israel Institute of Education and Research, Albert Einstein Hospital, Sao Paulo Brazil, 

4
Cancer Institute of Sao Paulo, Sao Paulo, Brazil, 

5
Department of Biomedical Engineering, 

Federal University of ABC, 
6
Faculty of Medicine Sao Paulo University, Sao Paulo, Brazil, 

7
Department of Physical Education State University of Maringa, Maringa, Brazil. 

 

Corresponding author: 

Wagner Jorge Ribeiro Domingues, MD 

Londrina State University, Physical Education Department, Rodovia Celso Garcia Cid, km 

380, Campus Universitário, Londrina, Parana, 86051-990, Brazil. 



32 

 

ABSTRACT 

 

The objective of this study was to verify the effect of eight weeks of creatine supplementation 

associated with home-based exercise on functional capacity and oxygen saturation of the calf 

muscle (StO2) in patients with symptomatic peripheral arterial disease (PAD). Twenty-nine 

patients were randomized double-blind to receive placebo (dextrose) (PLA group) or creatine 

(Cr group), for 8 weeks (1 week - loading: 20g/day, 4 doses/5g and 7 weeks - maintenance: 

5g, 1 dose/day). Associated with supplementation, all patients were recommended to perform 

the home-based exercise (30-45 minutes walk ≥3x/ week) monitored by pedometer. Before 

and after the intervention period, functional capacity (six-minute walking test and Short 

physical performance battery) and StO2 parameters were evaluated. Non-parametric ANOVA 

(ANOVA NPar) for repeated measurements was used to verify the effect of the intervention. 

Statistical differences on pre versus post intervention moments were found for the initial 

claudication distance (ICD) (PLA – pre 124 ± 72 vs post 155 ± 90; Cr – 124 ± 73 vs post 195 

± 108 meters, p = 0.006) and claudication onset time (COT) (PLA – pre 101 ± 64 vs post 133 

± 104; Cr – pre 122 ± 65 vs post 183 ± 104 meters, p = 0.022). For the other parameters no 

statistical differences were found between the moments and in the interaction between the 

groups (p >0.05). Eight weeks of creatine supplementation associated with home-based 

exercise does not modify the parameters of functional capacity and oxygen saturation of the 

calf in symptomatic patients PAD. In addition, for the ICD and COT parameters the 

intervention demonstrated similar increases for the placebo and creatine groups. This trial is 

registered with NCT02993874 

 

 

Key words: Dietary supplements, walking, walk test, oxygenation, peripheral arterial disease. 
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INTRODUCTION 

Walking impairment observed in peripheral artery disease (PAD) patients with 

claudication symptoms is an important problem, since it represent a main barrier for physical 

activity practice (BARBOSA et al., 2015), leading to a progressive cycle of physical 

deconditioning. In these patients, walking impairment has been associated with a worse 

cardiovascular profile, with increased limb loss and mortality. Therefore, improvements in 

walking capacity is one of the primary therapeutic targets in these patients (MENÊSES et al., 

2017; RITTI-DIAS et al., 2010).  

Creatine and phosphocreatine are naturally bioenergetic compounds, essential for 

adenosine triphosphate homeostasis. Previous studies have shown that Cr supplementation 

improved neuromuscular performance in patients with chronic diseases, including McArdle's 

disease (VORGET et al., 2000), amyotrophic lateral sclerosis (ANDREASSEN et al., 2001), 

and heart failure (CARVALHO et al., 2012). The mechanisms underlying these 

improvements include the increase in muscle glycogen content (WALLIMANN; HARRIS, 

2016; WALLIMANN; TOKARSKA-SCHLATTNER; SCHLATTNER, 2011) and the 

improvement of the capacity to perform anaerobic activities (CRISAFULLI et al., 2018). 

Thereby, as patients with claudication frequently perform anaerobic physical activities, since 

frequently the physical activity is under ischemia, it is possible that creatine supplementation 

increases the walking capacity of these patients. 

Therefore, the objective of the present study was to verify the effect of eight 

weeks of creatine supplementation associated with home-based exercise on functional 

capacity and muscle oxygen saturation in patients with peripheral arterial disease with 

symptoms of intermittent claudication 

 

METHODS 

 

Study Design 

 

Before the beginning of the experimental protocol, a questionnaire was applied to 

evaluate the socio-demographic characteristics, medical history and a clinical examination. 

Subsequently, the patients were submitted to the supplementation protocol for eight weeks 
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associated with home-based exercise. Before and after the intervention period, a battery of 

tests was applied to evaluate the functional capacity in addition to oxygen saturation 

parameters (Figure 1). 

 

 

 

Figure 1. Study design 

 

 

Patients 

 

Twenty-nine patients of both sexes were recruited at the Hospital das Clínicas, 

University of São Paulo, Brazil. The inclusion criteria were: presence of intermittent 

claudication symptoms during the six-minute walking test, ankle brachial index (ABI) <0.90 

in one or both lower limbs, and absence of chronic renal insufficiency (creatinine clearance 

<30ml/min). All patients signed the written consent and the experimental protocol was 

approved by the Institutional Ethics Committee (62601416.7.0000.0071). This work is 

registered in Clinical Trials, number: NCT02993874. 

 

Preliminary assessment 

 

Clinical characteristics were obtained during a vascular consultation. Body mass 

(kg) and stature (m) were measured (Welmy, São Paulo, Brazil) and body mass index was 

calculated. The ABI was calculated by the quotient between ankle systolic and brachial 

systolic blood pressure. Brachial blood pressure was measured using the auscultation 
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technique, while ankle blood pressure (in the dorsalis pedis artery or posterior tibial artery) 

was measured with a Doppler ultrasound (Martec DV600, Ribeirão Preto, Brazil). An aneroid 

sphygmomanometer was appointed in both measurements, as previously described (HIRSCH 

et al., 2006). 

 

Creatine supplementation protocol and blinding procedure 

 

Patients received Cr monohydrate (Creapure, Trostberg, Germany) 

supplementation or placebo (PLA) (dextrose) (Probiótica, São Paulo, Brazil) in a randomized 

double-blind study in two phases. Phase 1 - loading: 1 week - 20 grams (4 doses of 5 

grams/day). Phase 2 - Maintenance: 7 weeks - 5 g/day. During the loading phase, supplements 

were presented in four packages and patients were instructed to ingest the supplement 

packages at breakfast, lunch, dinner, and before bed time. During the maintenance phase, 

patients consumed the supplement as a single dose with their lunch. The supplement packages 

were coded so that neither the investigators nor the participants were aware of the contents 

until completion of the analyses. The supplements were provided by a staff member of our 

research team who did participate in the data acquisition, analyses, or interpretation. 

Plasma creatine levels were performed in a sub-sample (n=9) using High 

Performance Liquid Chromatography (HPLC) (FL SPD-20A Shimadzu®, Kyoto, Japan), as 

previously described (BUCHBERGER; FERDIG, 2004). 

 

Home-based exercise 

 

All patients were instructed to perform 30 to 45 minutes of walking, ≥3 times a 

week according to the recommendations (GERHARD-HERMAN, 2017; HIRSCH et al., 

2006). All patients were monitored by pedometer (polar A300, Finland) previously validated 

(BOESELT et al., 2016) to verify the number of steps performed. 

 

Measurements 

 

Functional capacity test 
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Six-minute walk test (6MWT) - To analyze the walking capacity, each patient was 

underwent to a 6MWT supervised by trained kinesiologist. Two cones were placed 30 meters 

apart in a marked corridor as previously described (MONTGOMERY; GARDNER, 1998). 

Patients were instructed to walk as many laps around the cones as possible and to inform 

when the claudication symptom occurred. It is worth to mention that none of the patients 

stopped during the test. The kinesiologist recorded the initial claudication distance (ICD), 

claudication onset time (COT) and total walking distance (TWD) to evaluate the walking 

capacity. In PAD patients, 6MWT presents high reliability with the intraclass correlation 

coefficient ranging between 0.94 and 1.00, and the coefficient of variation ranging between 

0.4 and 1.6% (MONTGOMERY; GARDNER, 1998). 

Short physical performance battery (SPPB) – The SPPB constitutes in assessing 

the usual walking speed (4-meter test), lower limb strength (sit-up test), and balance. Scores 

from 1 to 4 for each task were assigned. Individuals "unable to perform" including those who 

tried and failed or did not feel safe to perform the task. For these, scores were scored 0. 

Summing up the three individual categorical scores, a summary performance score was 

created for each participant (0-12), with higher scores indicating better test performance 

(GURALNIK et al., 1994). 

 

Calf muscle oxygen saturation (StO2) 

 

Calf muscle microcirculation was assessed using near infrared spectroscopy 

(NIRS, PortaMon, Artinis Medical Systems) through a sensor attached on the leg with lowest 

ABI. The sensor was attached to the skin on the medial portion of gastrocnemius muscle and 

a number of calf muscle StO2 variables were obtained before, during, and after six-minute 

walk test (Figure 2). Before the test, a baseline measure of calf muscle StO2 was obtained at 

rest (sitting position) during 3 minutes to allowance stabilization of the values (baseline 

StO2). During exercise, the minimum calf muscle StO2 value (minimum StO2) was obtained, 

as the time taken to reach the minimum value (time to minimum) and the absolute drops in 

calf muscle StO2 from rest (baseline StO2) to the minimum exercise value (minimum StO2) . 

The end of the 6MWT was recorded (6MWT end), as well as the maximal calf StO2 value 

during recovery (maximal StO2) in the siting position. The recovery times for calf muscle 

StO2 to reach the full resting value (recovery time), and the maximum calf muscle StO2 value 

(recovery time to maximum) were calculated (CAVALCANTE et al., 2017; GARDNER et 
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al., 2008). 
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Figure 2. Calf oxygen saturation parameters obtained before, during and after the 6-minute 

walk test in symptomatic Peripheral artery disease StO2 – Calf oxygen saturation. % 

percentage. s – seconds. 

 

Dietary intake 

 

For the evaluation of food consumption, the 24-hour food recall was applied. 

Participants will be questioned about the consumption of food and beverages during the 24 

hours prior to the experimental session. Photographic record and kitchen utensils (glasses, 

cups and cutlery) will be used to guide patients in case of doubts and thus minimize the under 

and/or overestimation of the quantities. Total caloric intake, amount, and macronutrient 

(carbohydrate – CHO; proteins – PTN; lipids – LIP) ratios were determined using a software 

(Nutripad 2.0, Brazil). Participants were instructed to maintain their eating habits throughout 

the study. The water intake was ad libitum. 

 

Statistical analysis 
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 The normality of the data was verified by the Shapiro-Wilk test. The comparison 

between the general characteristics of the sample was performed by the t-test for independent 

samples or U Mann-whitney test, depending on its distribution. The categorical data were 

compared by the Chi-square test. The baseline values were assessed by U mann-whitney test. 

To verify the effect of supplementation ANOVA. NPar for repeated measures was performed. 

The level of significance was <0.05. The power of the sample was calculated with a power of 

80% and effect size = 0.05 (GPower software 3.19). 

 

RESULTS 

 

Twenty-nine patients completed the study. Initially, 160 patients were interviewed 

for eligibility in this study; of these, 118 did not meet the inclusion criteria, 5 refused to 

participate and 5 were not included for other reasons such as: difficulty in communication 

(two subjects), difficulty in traveling because they lived far away (one subject), being 

involved in another study (two subjects). During the intervention period, three patients were 

excluded for the following reasons: withdrawal after preliminary examinations due to 

personal problems (n = 1), gastric discomfort (n = 1), and pleural effusion (n = 1) (Figure 3). 

  

 

 

Figure 3. Flow diagram 
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The general characteristics were similar between the groups (p <0.05) (Table 1). 

 

Table 1. Characteristics of the study participants (n=29). 

  PLA (N=15) Cr (N= 14) p-value 

Women (%) 54 46 0.56 

Age (years) 64 ± 8 64 ± 10 0.54 

Weight (kg) 77 ± 10 68 ± 17 0.18 

Height (m) 1.64 ± 0.09 1,60 ± 0.06 0.21 

Body mass index (kg/m
2
) 28.7 ± 3.1 26.7 ± 6.5 0.43 

Ankle-brachial index (mmHg) 0.50 ± 0.13 0.51 ± 0.16 1.00 

ICD (m) 143 ± 84 143 ± 65 0.88 

TWD (m) 371 ± 81 344 ± 82 0.65 

  
 

 Related comorbidities (%)  
 

 Hypertension 86.7 78.6 0.67 

Diabetes 60.0 50.0 0.43 

Dyslipidemia 6.7 7.1 0.74 

Current smoking 78.6 78.6 0.68 

Coronary artery disease 46.7 28.6 0.26 

PLA – Placebo group. Cr – Creatine group. Values expressed in mean and standard deviation 

(numerical data). ICD – initial claudication distance. TWD - total waking distance. Values 

expressed in relative frequency (categorical data). 

 

 

For the parameters of functional capacity, significant differences were found pre 

vs. post intervention for ICD (p = 0.006) and COT (p = 0.022). However, no significant 

interaction was found between the PLA vs. Cr groups for ICD (F = 0.030, p = 0.861), COT (F 

= 0.001, p = 0.981) and TWD (time: p = 0.532; interaction: F = 0.198, p = 0.657) parameters. 

In addition, no significant differences were found in time (p = 0.392) and interaction for 

SPPB (F = 0.134, p = 0.714) (Figure 4). 
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Figure 4. Functional capacity parameters obtained during the 6-minute walk test in patients 

with symptomatic peripheral arterial disease (n = 29; PLA = 15 and Cr = 14).  *Significant 

difference pre vs. post intervention (p<0.05). A – Initial claudication distance (ICD). B – 

Claudication onset time (COT). C – Total walking distance (TWD). D – Short physical 

performance battery (SPPB). PLA – Placebo group. Cr – Creatine group. m – meters. 
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In the parameters of StO2, no statistically significant differences were found in the 

time of intervention and in the interaction between the PLA vs. Cr groups the following 

parameters: baseline StO2 (time: p = 0.063; interaction: F = 0.187; p = 0.665), minimum StO2 

(time: p = 0.993; interaction: F = 1,374; p = 0.241), time to minimum (time: p = 0.936; 

interaction: F = 0.281, p = 0.292), 6MWT end (time: p = 0.450; interaction: F = 2.334, p = 

0.126), maximal StO2 (time: p = 0.170; interaction: F = 0.281, p = 0.596), recovery time 

(time: p = 0.995; interaction: F = 0.019, p = 0.889) and recovery time to maximum (time: p = 

0.728; interaction: F = 0.165, p = 0.684) (figure 5). 
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Figure 5. Calf oxygen saturation parameters obtained before, during and after the 6-minute 

walk test before and after 8 weeks of creatine supplementation (N=29; PLA = 15 and Cr = 

14). StO2 – Calf oxigen saturation. PLA – placebo group. Cr – creatine group. % percentage. s 

– seconds. 
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Table 2 shows the parameters of home-based exercise, macronutrients (CHO, 

PTN and LIP), and plasma creatine. For the home-based exercise (number of steps) 

significant statistical differences were found in the pre vs. post intervention time (p <0.05). In 

addition, for the amount of macronutrients, significant statistical differences were found for 

LIP (p <0.05). For the other parameters (CHO and PTN), no significant statistical differences 

were found in the pre vs. post intervention and between PLA vs. Cr groups (p >0.05). For 

plasma creatine, significant interaction was found between the PLA vs Cr groups (p < 0.05). 
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Table 2. Comparison of the number of steps, plasma creatine and macronutrient variables before and after supplementation period. 

  PLA (N=15) Cr (N= 14) F Group Time Interaction 

Home based exercise        

Number of steps       

Pre 24010 ± 28573 28325 ± 12984 1.139 0.400 0.002* 0.286 

Post 32574 ± 44434 40988 ± 24229 

Carbohydrate (g)       

Pre 199.5 ± 160.7 175.7 ± 101.9 0.058 0.176 0.066 0.810 

Post 161.0 ± 131.9 109.9 ± 108.0 

Proteins (g)       

Pre 41.2 ± 24.9 48.2 ± 32.4 1.090 0.673 0.415 0.296 

Post 51.8 ± 41.9 56.6 ± 40.8 

Lipids (g)       

Pre 39.0 ± 38.3 50.1 ± 38.2 0.006 0.616 0.042* 0.936 

Post 32.9 ± 16.3 42.5 ± 42.2 

Plasma creatine (mmol/L)       

Pre 21.5 ± 38.9 32.1 ± 61.5 9.634 0.008 0.001 0.002
#
 

Post 30.7 ± 39.8 163.2 ± 42.6 

PLA – Placebo group. Cr – Creatine group. *Significant difference pre vs. post intervention. 
#
Interaction significant difference between PLA vs. 

Cr groups. Data expressed as median and interquartile range. 
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DISCUSSION 

  

This is the first study to verify the effect of creatine supplementation associated 

with home-based exercise in patients with PAD with symptoms of intermittent claudication. 

The main finding of the study was that creatine supplementation did not affect the increases in 

walking capacity obtained with home-based exercise training. In addition, any parameters of 

the calf muscle oxygen saturation were also altered by the use of creatine. 

It is noteworthy that plasma creatine results demonstrated that patients adhered to 

creatine supplementation, as plasma creatine levels increased from 40.5 ml/dl to almost 160 

ml/dl. This results were similar to Harris (HARRIS; SÖDERLUND; HULTMAN, 1992) who 

also reported increases in muscle creatinine to values close to 160 mmol/kg of dry muscle, 

after a period of creatine supplementation.  

In this study, both groups presented improvement in the parameters of ICD and 

COT. This probably occurred due to the home-based exercise. As in other studies, home-

based exercise is recommended for these patients to promote an improvement in walking 

capacity parameters (LI et al., 2015; OAKLEY; SPAFFORD; BEARD, 2017). Additionally, 

the decrease in the amount of lipids consumed in patients of both groups was not a factor that 

influences the walking parameters, since they are not preferentially usable by the cell as an 

energy source (PATKOVA A, JOSKOVA V, HAVEL E, KOVARIK M, KUCHAROVA M, 

ZADAK Z, 2017). However, macronutrient (CHO, PTN and LIP) levels were similar between 

the groups, indicating that they did not influence the results of the present study. 

These findings agree with previous studies attempting to verify the effect of 

creatine supplementation on functional capacity in other populations (CARVALHO et al., 

2012; GUALANO et al., 2014). Recent studies have shown that oxygen saturation of the calf 

muscle is reduced during a walking test, reaching minimum values before the end of the 

exercise (GARDNER et al., 2008). Our findings did not demonstrate significant differences 

before and after the period of creatine supplementation associated with home-based exercise 

on oxygen saturation in the calf muscle.  

A likely mechanism linked to this may be related to creatine, making a role in the 

rapid provision of energy in the muscles of the type II fiber (HOWDEN et al., 2015). It is 

noteworthy that patients with symptomatic PAD present pain during walking, especially in 
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the region of the calf muscle, where type I fibers predominate. In addition, studies have 

shown that creatine supplementation improves functional capacity parameters associated 

mainly with strength training (GUALANO et al., 2014; JOHANNSMEYER et al., 2016). 

The practical application of this study indicates that creatine supplementation does 

not improve functional capacity and StO2 in patients with PAD. However, just as in previous 

studies, only home-based exercise is able to improve some of these parameters 

(MCDERMOTT, 2017). 

The present study has some limitations. The small sample size limits us to 

compare the effects of supplementation between groups. In addition, creatine supplementation 

was performed for 8 weeks, and it is not known whether longer periods of supplementation 

promote improvements in functional capacity and microcirculation. 

 

CONCLUSION 

 

Eight weeks of creatine supplementation associated with home-based exercise 

does not influence functional capacity and oxygen saturation parameters in the calf muscle in 

patients with peripheral arterial disease with symptoms of intermittent claudication. In 

addition, for the ICD and COT parameters the intervention demonstrated similar increases for 

the placebo and creatine groups. 
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ABSTRACT 

 

The aim of this study was to verify the effect of eight weeks of creatine supplementation 

associated with home-based exercise on hemodynamic, autonomic and arterial stiffness 

parameters in patients with peripheral arterial disease (PAD). Twenty-nine patients were 

randomized double-blind to receive placebo (dextrose) (PLA group) or creatine (Cr group). 

Associated with supplementation, all patients were recommended to perform the home-based 

exercise (30-45 minutes walk ≥3x/ week) monitored by pedometer. Before and after the 

intervention period, blood pressure (brachial and aortic), autonomic modulation and arterial 

stiffness (Augmentation index, Augmentation index normalized to heart rate, and carotid-

femoral pulse wave velocity) parameters were evaluated. Non-parametric ANOVA (ANOVA 

NPar) for repeated measurements was used to verify the effect of the intervention. Similar 

changes were found for systolic and diastolic pressure, systolic and diastolic aortic pressure, 

pulse pressure, augmentation index and carotid-femoral pulse wave velocity (p <0.05). No 

significant differences were found for the other parameters (p> 0.05). Eight weeks of creatine 

supplementation associated with home-based exercise does not change hemodynamic, 

autonomic and arterial stiffness parameters in PAD patients. This trial is registered with 

NCT02993874 

 

 

Key words: Dietary supplements, blood pressure, arterial stiffness, cardiovascular diseases, 

peripheral arterial disease. 
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INTRODUCTION 

 

Patients with peripheral arterial disease (PAD) have, for the most part, 

hypertension (YEH et al., 2016), alterations in cardiac autonomic modulation (CHAHAL; 

VOHRA; SYNGLE, 2017), and increases in arterial stiffness (CATALANO et al., 2014). An 

of the recommendations to minimize these changes is to stop smoking and perform physical 

activity (GERHARD-HERMAN, 2017). However, these patients face some barriers 

(BARBOSA et al., 2015). For the improvement of these parameters, some therapeutic 

strategies have been indicated (CÂMARA; SUZIGAN; STARLING, 2013).  

Creatine supplementation is an endogenously synthesized amine (kidneys, liver 

and pancreas) or can be obtained by diet. Studies have reported that creatine supplementation 

has shown benefits to the cardiovascular system (BALESTRINO et al., 2016). In fact, this 

may occur in meta-baroceptors, promoting blood pressure reduction, autonomic modulation 

and attenuation of arterial stiffness (SANCHEZ-GONZALEZ et al., 2011). 

Therefore, none study was proposed to investigate the effect of creatine 

supplementation in patients with PAD. Thus, aim of this study was to verify the effect of 

eight weeks of creatine supplementation associated with home-based exercise on 

hemodynamic, autonomic and arterial stiffness parameters in patients with peripheral arterial 

disease (PAD). 

METHODS 

 

Study Design 

  

Before the beginning of the experimental protocol, a questionnaire was applied to 

evaluate the socio-demographic characteristics, medical history and a clinical examination. 

Subsequently, the patients were submitted to the supplementation protocol for eight weeks 

associated with home-based exercise. Before and after the intervention period, hemodynamic 

parameters, autonomic parameters and arterial stiffness were evaluated (Figure 1). 
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Figure 1. Study design 

 

 

Participants 

 

Twenty-nine patients of both sexes were recruited at the Hospital das Clínicas, 

University of São Paulo, Brazil. The inclusion criteria were: ankle brachial index <0.90 in one 

or both lower limbs, and absence of chronic renal insufficiency (creatinine clearance 

<30ml/min), to be able to practice physical exercise at home. All patients signed the written 

consent and the experimental protocol was approved by the Institutional Ethics Committee 

(62601416.7.0000.0071). This work is registered in Clinical Trials, number: NCT02993874. 

 

Preliminary assessment 

 

Clinical characteristics were obtained during a vascular consultation. Body mass 

(kg) and stature (m) were measured (Welmy, São Paulo, Brazil) and body mass index was 

calculated. The ankle brachial index (ABI) was calculated by the quotient between ankle 

systolic and brachial systolic blood pressure. Brachial blood pressure was measured using the 

auscultation technique, while ankle blood pressure (in the dorsalis pedis artery or posterior 

tibial artery) was measured with a Doppler ultrasound (Martec DV600, Ribeirão Preto, 

Brazil). An aneroid sphygmomanometer was employed in both measurements, as previously 

described (HIRSCH et al., 2006). 

 

Creatine supplementation protocol and blinding procedure 
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Patients received Cr monohydrate (Creapure, Trostberg, Germany) 

supplementation or placebo (PLA) (dextrose) (Probiótica, São Paulo, Brazil) in a randomized 

double-blind study in two phases. Phase 1 - loading: 1 week - 20 grams (4 doses of 5 

grams/day). Phase 2 - Maintenance: 7 weeks - 5 g/day. During the loading phase, supplements 

were presented in four packages and patients were instructed to ingest the supplement 

packages at breakfast, lunch, dinner, and before bed time. During the maintenance phase, 

patients consumed the supplement as a single dose with their lunch. The supplement packages 

were coded so that neither the investigators nor the participants were aware of the contents 

until completion of the analyses. The supplements were provided by a staff member of our 

research team who did participate in the data acquisition, analyses, or interpretation. 

 

Home-based exercise 

 

All patients were instructed to perform 30 to 45 minutes of walking, ≥3 times a 

week according to the recommendations (GERHARD-HERMAN, 2017; HIRSCH et al., 

2006). All patients were monitored by pedometer (polar A300, Finland) previously validated 

(BOESELT et al., 2016) to verify the number of steps performed. 

 

Measurements 

  

The brachial blood pressure was evaluated by an electronic monitor (OMRON 

HEM-7200, Japan) in triplicate for the measurement of systolic (SBP) and diastolic (DBP) 

blood pressure (MALACHIAS et al., 2016).  

The aortic blood pressure was evaluated by the technique of aplanation tonometry 

(SphyngmoCor, ATCOR Medical Australia), in which the indicators systolic blood pressure 

(aortic SBP), diaslolic blood pressure (aortic DBP), pulse pressure (aortic PP), augmentation 

index (AIx) and augmentation index 75 bpm (AIx75 bpm), measured in the radial artery were 

obtained and transferred to a software previously validated (O’ROURKE; PAUCA; JIANG, 

2001; SIEBENHOFER et al., 1999). 

The  carotid femoral - pulse wave velocity (cf-PWV) was measured by the 

aplanation todometry technique following the international guidelines (VAN BORTEL et al., 

2002). To verify cf-PWV, the distance between the carotid artery and the suprasternal notch 

and the femoral artery to the suprasternal notch were measured using a standard tape. 



55 

 

Simultaneously, the ECG heart rate was assessed according to the foot-to-foot method. The 

difference between the two points was measured. Then, the distance between the two arteries 

was divided by the time difference.  

For the determination of resting autonomic cardiac modulation (heart rate 

variability – HRV), RR intervals obtained by a heart rate monitor (POLAR, V800, Lake 

Success, NY, USA). Patients undertook a supine position for 20 minutes, with the final 10 

minutes used to examine for resting HRV. Two evaluators visually inspected the data and any 

inappropriate or premature RR interval was corrected by interpolating data. Any RR interval 

with a difference greater than 20% compared with adjacent intervals was automatically and 

visually filtered. The results were transferred to a dedicated HRV software package (Kubios 

HRV 3.0, University of Eastern Finland) for further analysis. The following time domain 

variables were examined for each recording: standard deviation of all RR intervals (SDNN), 

root mean square of the squared differences between adjacent normal RR intervals (RMSSD), 

and the percentage of adjacent intervals over 50ms (PNN50).  Additionally, frequency domain 

variables were calculated via an autoregressive method. Briefly, distinct biological signals 

responsible for modulating HR (i.e. between the brain and heart) were identified via a 

mathematical analysis of the variation in time between successive heartbeats. The signals 

operating at frequencies between 0.04 and 0.4 Hz were considered physiologically significant 

with the low frequency (LF) component represented by oscillations between 0.04 and 0.15 

Hz, and the high frequency (HF) component represented by oscillations between 0.15 and 0.4 

Hz. The power of each spectral component was normalized by dividing the power of each 

spectrum band by the total variance, minus the value of the very low frequency band (< 0.04 

Hz), and multiplying the result by 100 (TASK FORCE OF THE EUROPEAN SOCIETY OF 

CARDIOLOGY, 1996). 

 

Statistical analysis 

  

The normality of the data was verified by the Shapiro-Wilk test. The comparison 

between the general characteristics of the sample was performed by the t-test for independent 

samples or Mann-whitney U test, depending on its distribution. The categorical data were 

compared by the Chi-square test. The baseline values were assessed by U mann-whitney test. 

To verify the effect of supplementation ANOVA NPar for repeated measures was performed. 
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The level of significance was p <0.05. The power of the sample was calculated with a power 

of 80% and effect size = 0.05 (GPower software 3.19). 

 

RESULTS 

 

Twenty-nine patients completed the study. Initially, 160 patients were interviewed 

for eligibility in this study; of these 118 did not meet the inclusion criteria, 5 refused to 

participate and 5 were not included for other reasons such as: difficulty in communication 

(two subjects), difficulty in traveling because they lived far away (one subjects), being 

involved in another study (two subjects). During the intervention period, three patients were 

excluded for the following reasons: withdrawal after preliminary examinations due to 

personal problems (n = 1), gastric discomfort (n = 1), and pleural effusion (n = 1) (Figure 2).  

 

 

 

 

Figure 2. Flow diagram 

 

  

The general characteristics were similar between the groups (p <0.05) (Table 1). 
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Table 1. General characteristics of study participants (n = 29). 

  PLA (N=15) Cr (N= 14) p-value 

Women (%) 54 46 0.56 

Age (years) 64 ± 8 64 ± 10 0.54 

Weight (kg) 77 ± 10 68 ± 17 0.18 

Height (m) 1.64 ± 0.09 1,60 ± 0.06 0.21 

Body mass index (kg/m
2
) 28.7 ± 3.1 26.7 ± 6.5 0.43 

Ankle-brachial index (mmHg) 0.50 ± 0.13 0.51 ± 0.16 1.00 

TWD (m) 371 ± 81 344 ± 82 0.65 

  
 

 Related comorbidities (%)  
 

 Hypertension 86.7 78.6 0.67 

Diabetes 60.0 50.0 0.43 

Dyslipidemia 6.7 7.1 0.74 

Current smoking 78.6 78.6 0.68 

Coronary artery disease 46.7 28.6 0.26 

PLA – Placebo group. Cr – Creatine group. Values expressed in mean and standard deviation 

(numerical data). TWD - total waking distance. Values expressed in relative frequency 

(categorical data). 

 

 

Significant increases in the number of steps (home-based exercise) pre vs post 

intervention were found for both groups: (PLA - pre 24010 ± 28573 vs post 32574 ± 44434; 

Cr-31422 ± 12984 vs post 45037 ± 24229 meters, p = 0.002). However, there was no 

significant interaction (p = 0.286). 

Similar adaptations before and after intervention were found for hemodynamic 

parameters brachial SBP, brachial DBP, aortic SBP, aortic DBP and aortic PP (p <0.05). 

However, no significant interactions were found for the other parameters (p> 0.05) (Figure 3). 
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Figure 3. Hemodynamic parameters before and after the intervention . PLA – placebo group. 

Cr – creatine group. SBP – systolic blood pressure. DPB – diastolic blood pressure. HR – 

heart rate. PP – pulse pressure. mmHg – millimeters of mercury. Bpm – beats per minute. 

*Significant statistical difference between pre vs. post-intervention. Values expressed in 

median and interquartile range. 
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For the parameters of arterial stiffness, AIx and cf-PWV, statistically significant 

differences in time (pre vs post intervention) were found. However, ANOVA did not identify 

interactions between groups in any of the parameters analyzed (AIx, AIx 75 and cf-PWV) 

(Figure 4). 
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Figure 4. Parameters of arterial stiffness before and after the intervention period. PLA – 

placebo group. Cr – creatine group. AIx – Augmentation index. AIx 75 – Augmentation index 

normalized to heart rate. cf-PWV –  carotid-femoral pulse wave velocity. % - percentage. ms 

– meters per second. 
*
Significant statistical difference between pre vs. post-intervention. 

Values expressed in median and interquartile range. 

 

In the parameters of autonomic modulation, no statistical differences were found 

in time and interaction (p> 0.05) (table 2). 

 

Table 2. Comparison before and after intervention between placebo (PLA) and creatine (Cr) 

groups for automatic modulation data. (n = 29). 

 PLA (n= 15) Cr (n=14) F Group Time Interaction 

RR interval (ms)       

Pre 860 ± 236 973 ± 345 1.468 0.474 0.410 0.226 

Post 903 ± 173 982 ± 319 

       

SDNN (ms)       

Pre 24 ± 16 27 ± 34 1.831 0.779 0.662 0.176 

Post 25 ± 34 21 ± 20 

       

RMSSD (ms)       

Pre 20 ± 18 31 ± 42 3.710 0.699 0.747 0.054 

Post 27 ± 50 21 ± 27 

       

PNN50 (ms)       

Pre 1 ± 9 3 ± 27 1.233 0.776 0.535 0.267 

Post 4 ± 13 1 ± 7 

       

LF (nu)       

Pre 46 ± 25 57 ± 25 0.743 0.150 0.061 0.389 

Post 49 ± 34 49 ± 18 

       

HF (nu)       

Pre 54 ± 23 43 ± 25 0.727 0.152 0.061 0.394 

Post 51 ± 34 50 ± 18 

PLA – placebo group. Cr – creatine group. SBP – Values expressed in median and 

interquartile range. 
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DISCUSSION 

 

The main finding of this study was that after eight weeks of creatine 

supplementation associated with home-based exercise did not promote changes in 

hemodynamic, autonomic parameters and arterial stiffness 

Our findings confront previous studies that verified the effect of creatine 

supplementation on hemodynamic parameters and arterial stiffness in healthy young subjects 

(SANCHEZ-GONZALEZ et al., 2011). A probable mechanism related to this behavior may 

be related to the comorbidities associated in the study participants. In fact, in extreme health 

conditions, creatine may not be able to reverse cardiovascular dysfunction (ALVES et al., 

2012). This is because creatine metabolism acts differently among individuals (SOLIS et al., 

2017). In fact, more than 80% of the participants in the present study had arterial 

hypertension, which is possibly a limiting factor for creatine performance. 

Our results support previous studies, in which it was found that creatine 

supplementation did not promote changes in HRV in adults (MERT et al., 2017). A probable 

explanation for this phenomenon may be related to the effect of creatine on the central 

nervous system (KOGA et al., 2005). The Gamma-aminobutyric acid (GABA), an important 

neurotransmitter of the central nervous system, is activated by guanidino acetate (precursor of 

creatine). GABA is directly responsible for the regulation of muscle tone, which could 

promote sympathetic and parasympathic nervous system control. However the action of 

creatine on the central nervous system is questionable, as it is not known if it could overcome 

the blood-brain barrier (BÉARD; BRAISSANT, 2010). 

The practical application of this study reveals that supplementing PAD 

individuals with creatine associated with home-based exercise was not able to change the 

cardiovascular parameters of these individuals. However, as in previous studies, home-based 

exercise is an important strategy to improve these parameters. This is a possible explanation 

for the similar behavior between groups in blood pressure and arterial stiffness indicators. 

The present study has some limitations. The small sample size limits us to 

compare the effects of supplementation between groups. In addition, creatine supplementation 

was performed for 8 weeks, and it is not known whether longer periods of supplementation 

promote improvements in BP, arterial stiffness and modulation autonomic parameters. Our 
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findings are limited to patients with PAD and we do not know whether these results are true 

of other populations. 

 

CONCLUSION 

 

Eight weeks of creatine supplementation associated with home based exercise 

does not change hemodynamic, autonomic and arterial stiffness parameters in patients with 

PAD. 
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ABSTRACT 

 

The objective of this study was to verify the effects of eight weeks of creatine 

supplementation on the renal function in patients with peripheral arterial disease. Twenty-nine 

patients, of both genders, were randomized in a double-blind manner for administration of 

creatine monohydrate (n = 14) or placebo (PLA, n = 15). The supplementation protocol 

consisted of a one week loading period (4 doses, 5g/day) followed by a seven week 

maintenance period (1 dose, 5g/day). Before and after the supplementation period, markers of 

renal function, serum creatinine, creatinine excretion rate, and creatinine clearance were 

evaluated. The Generalized Estimation Equation Model was used for comparison between 

groups. No significant differences were found between the groups before and after the 

supplementation period in any of the renal function markers (P> 0.05). Eight weeks of 

creatine supplementation does not alter the renal function of patients with peripheral arterial 

disease. 

 

key words: Peripheral arterial disease; dietary supplements; safety; renal insufficiency 
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INTRODUCTION 

 

Peripheral arterial disease (PAD) affects more than 200 million individuals 

worldwide (FOWKES et al., 2013). In Brazil, PAD affects 10.5% of individuals over 18 years 

of age and is higher in the age group above 50 years (MAKDISSE et al., 2008). Symptomatic 

PAD impairs walking capacity, representing the main barrier to perform physical activity 

(BARBOSA et al., 2015). Therefore, one of the primary therapeutic targets in these patients is 

improvement in walking capacity (MENÊSES et al., 2017; RITTI-DIAS et al., 2010). 

Creatine (Cr) and phosphocreatine are naturally bioenergetic compounds, 

essential for adenosine triphosphate homeostasis. Previous studies have shown that Cr 

supplementation improved neuromuscular performance in patients with chronic diseases, 

including McArdle's disease (VORGET et al., 2000), amyotrophic lateral sclerosis 

(ANDREASSEN et al., 2001), and heart failure (KUETHE et al., 2006).  

Despite these positive effects, concerns have been raised regarding the potential 

adverse effects of Cr supplementation on renal function (GUALANO et al., 2008a), given that 

some case reports describe impairments in renal function after Cr supplementation (KUEHL; 

GOLDBERG; ELLIOT, 1998; GREENHAFF, 1998). For example, Kuehl et al (KUEHL; 

GOLDBERG; ELLIOT, 1998) reported impairment in renal function after regular Cr 

supplementation for 3 months, which was reverted one month after discontinuation of the 

supplementation. Greenhaff (1998), reported deterioration in renal function after two months 

of Cr supplementation in a 25-year-old man with a previous history of renal dysfunction. 

Considering the potential of Cr supplementation to counteract walking 

impairment in PAD patients, it is necessary to understand the effects on renal function of 

these patients, who usually present comorbidities (ABOYANS et al., 2006). Thus, in the 

present study we report the effects of eight weeks of oral Cr supplementation on markers of 

renal function in symptomatic PAD patients. 

 

METHOD 

 

Sample and ethical considerations 
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Twenty-nine patients of both sexes were recruited at the Hospital das Clínicas, 

University of São Paulo, Brazil. The inclusion criteria were: presence of intermittent 

claudication symptoms during the six-minute walking test, ankle brachial index <0.90 in one 

or both lower limbs, and absence of chronic renal insufficiency (creatinine clearance 

<30ml/min). All patients signed the written consent and the experimental protocol was 

approved by the Institutional Ethics Committee (Clinical Trials: NCT02993874). 

 

Preliminary assessment 

 

Clinical characteristics were obtained during a vascular consultation. Body mass 

(kg) and stature (m) were measured (Welmy, São Paulo, Brazil) and body mass index was 

calculated. The ankle brachial index was calculated by the quotient between ankle systolic 

and brachial systolic blood pressure. Arm blood pressure was measured using the auscultation 

technique, while ankle blood pressure (in the dorsalis pedis artery or posterior tibial artery) 

was measured with a Doppler ultrasound (Martec DV600, Ribeirão Preto, Brazil). An aneroid 

sphygmomanometer was employed in both measurements, as previously described (HIRSCH 

et al., 2006). 

 

Creatine supplementation protocol and blinding procedure 

 

Patients received Cr monohydrate (Creapure®, AlzChem Trostberg GmbH, 

Germany) supplementation or placebo (PLA) (dextrose) (Probiotica, São Paulo, Brazil) in a 

randomized double-blind study in two phases. Phase 1 - loading: 1 week - 20 grams (4 doses 

of 5 grams/day). Phase 2 - Maintenance: 7 weeks - 5 g/day. During the loading phase, 

supplements were presented in four packages and patients were instructed to ingest the 

supplement packages at breakfast, lunch, dinner, and before bed time. During the maintenance 

phase, patients consumed the supplement as a single dose with their lunch. The supplement 

packages were coded so that neither the investigators nor the participants were aware of the 

contents until completion of the analyses. The supplements were provided by a staff member 

of our research team who did participate in the data acquisition, analyses, or interpretation 

(figure 1). 
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Plasma creatine levels were performed in a sub-sample (n=9) using High 

Performance Liquid Chromatography (HPLC) (FL SPD-20A Shimadzu®, Kyoto, Japan), as 

previously described (KATZ, 1998; KENKEL, 1999). 

 

 

 

Figure 1. Study design 

 

 

Dietary intake 

 

For the evaluation of food consumption, the 24-hour food recall was applied. 

Participants will be questioned about the consumption of food and beverages during the 24 

hours prior to the experimental session. Photographic record and kitchen utensils (glasses, 

cups and cutlery) will be used to guide patients in case of doubts and thus minimize the under 

and/or overestimation of the quantities. Total caloric intake, amount, and macronutrient 

(carbohydrate – CHO; proteins – PTN; lipids – LIP) ratios were determined using a software 

(Nutripad 2.0, Brazil). Participants were instructed to maintain their eating habits throughout 

the study. The water intake was ad libitum. 

 

Renal function 

 

The markers of renal function, serum creatinine, creatinine excretion rate, and 

creatinine clearance were analyzed through blood samples collected from the antecubital vein 

and stored in 10 ml tubes (BD Vacutainer®) containing separator clot (Z Serum separator 

clot). Urine was collected during the 24-hour period, neglecting the first collection. For 

measurement of urinary volume, beakers of 500 to 1000 ml were used. Blood and urinary 
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creatinine levels were determined by the Jaffé method without deproteinization (TOORA; 

RAJAGOPAL, 2002). 

 

 

Statistical analysis 

 

 Normality of the data was analyzed by the Shapiro-Wilk test. The comparison 

between the general characteristics of the sample was performed using the t-test for 

independent samples or Mann-Whitney U test, depending on data distribution. The 

categorical data were compared by the Chi-square test. The Generalized Estimation Equation 

Model was used to compare adherence and markers of renal function between groups. All 

analyzes were performed using SPSS (Statistical Package for Social Sciences), version 21. 

Statistical significance was defined as p <0.05. 

 

RESULTS 

 

Thirty-five patients volunteered for the study and 32 met the inclusion criteria. 

Three patients were excluded for the following reasons: withdrawal after preliminary 

examinations due to personal problems (n = 1), gastric discomfort (n = 1), and pleural 

effusion (n = 1). Thus, 29 patients completed the experimental protocol. Patient 

characteristics are shown in table 1. 
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Table 1. Clinical characteristics of the patients (N= 29) 

  PLA (N=15) Cr (N= 14) p-value 

Women (%) 54 46 0.56 

Age (years) 64 ± 8 64 ± 10 0.54 

Weight (kg) 77 ± 10 68 ± 17 0.18 

Height (m) 1.64 ± 0.09 1,60 ± 0.06 0.21 

Body mass index (kg/m
2
) 28.7 ± 3.1 26.7 ± 6.5 0.43 

Ankle-brachial index (mmHg) 0.50 ± 0.13 0.51 ± 0.16 1.00 

ICD (m) 143 ± 84 143 ± 65 0.88 

TWD (m) 371 ± 81 344 ± 82 0.65 

  
 

 Related comorbidities (%)  
 

 Hypertension 86.7 78.6 0.67 

Diabetes 60.0 50.0 0.43 

Dyslipidemia 6.7 7.1 0.74 

Current smoking 78.6 78.6 0.68 

Coronary artery disease 46.7 28.6 0.26 

PLA – Placebo group. Cr – Creatine group. Values expressed in mean and standard deviation 

(numerical data). ICD – initial claudication distance. TWD - total waking distance. Values 

expressed in relative frequency (categorical data). 

 

For macro nutrient parameters, there was no significant interaction for CHO, PTN 

and LIP (p> 0.05). 

Patients taking Cr presented higher plasma creatine levels than the placebo group 

( PLA – pre 32.8 ± 22.2 μmol/l vs. post 32.8 ± 21.9 μmol/l; Cr - pre 40.8 ± 33.9 μmol/l vs. 

post 159.5 ± 22.7 μmol/l; p= <0.001) (figure 2). 
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Figure 2. Plasma creatine after supplementation. PLA (n=15) and Cr (n=14). *Significant 

interaction between groups. Mean and standard deviation values. 

 

Figure 3 presents the results of Cr on the markers of renal function. No significant 

differences were found between groups for serum creatinine (Cr - pre 1.00 ± 0.15 ml/dl vs. 

post 1.07  ± 0.16 ml/dl; PLA pre 1.30 ± 0.53 ml/dl vs. post 1.36 ± 0.47 ml/dl, p = 0.590), 

creatinine excretion rate (Cr - pre 81.73 ± 43.80 mg/dl vs. post 102.92 ± 59.57 mg/dl; PLA 

pre 74.37 ± 38.90 mg/dl vs. post 86.22 ± 39.94 mg/dl, p = 0.560), or creatinine clearance (Cr 

pre 108 ± 59 ml.min-
1.
1.73 m

-2
 vs. post 117 ± 52 ml.min-

1.
1.73 m

-2
; PLA pre 88 ± 49 ml.min-

1.
1.73 m

-2
 vs. post 82 ± 47 ml.min-

1.
1.73 m

-2
, p = 0.366).  

  



73 

 

 

S
e

r
u

m
 c

r
e

a
ti

n
in

e
 (

m
l/

d
L

)

P re P o s t

0 .0

0 .5

1 .0

1 .5

2 .0

C r

P L A

A

C
r
e

a
ti

n
in

e
 e

x
c

r
e

ti
o

n
 r

a
te

 (
m

g
/d

L
)

P re P o s t

0

5 0

1 0 0

1 5 0

2 0 0

C r

P L A

B

C
r
e

a
ti

n
in

e
 c

le
a

r
a

n
c

e
 (

m
l·

m
in

-1
·1

.7
3

 m
-2

)

P re P o s t

0

5 0

1 0 0

1 5 0

2 0 0

C r

P L A

C

 

Figure 3. Markers of renal function data: (A) serum creatinine, (B) creatinine excretion rate, 

and (C) creatinine clearance. PLA (n=15) and Cr (n=14).Data are expressed as mean and 

standard deviation. 
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Figure 4 shows the individual responses to Cr supplementation of markers of 

renal function. Alterations in the markers of renal function were within the normal range for 

all patients.  
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Figure 4. Individual data of renal function markers: (A) serum creatinine, (B) creatinine 

excretion rate, and (C) creatinine clearance for Cr (n=11) and PLA (n=12) groups. Reference 

value (Brazilian Society of Cardiology): dashed line. 

 

 

DISCUSSION 

  

The results of the present study showed that 8 weeks of Cr supplementation, 

composed of 1 week of loading and 7 weeks of maintenance, did not alter markers of renal 

function in patients with symptomatic PAD.  

The results of plasma creatine demonstrated that patients adhered to Cr 

supplementation, as the plasma creatine levels increased from 40.5 ml/dl to almost 160 ml/dl. 

This results were similar to Harris (HARRIS; SÖDERLUND; HULTMAN, 1992) who also 

reported increases in muscle creatinine to values close to 160 mmol/kg of dry muscle, after a 

period of Cr supplementation. In addition, macronutrient parameters, CHO, PTN and LIP did 

not influence markers of renal function. 

In this study, creatinine clearance, the gold standard marker of renal function was 

not altered after Cr supplementation. Similar results were observed in healthy young 

individuals (GUALANO et al., 2008b; LUGARESI et al., 2013), and patients with diabetes 

(GUALANO et al., 2011a, 2011b), chronic heart failure (CARVALHO et al., 2012; 

CORNELISSEN. et al., 2010), and kidney disease (GUALANO et al., 2010). Gualano et al 

(GUALANO et al., 2011b) performed Cr supplementation in patients with diabetes at doses 

of 5g for 12 weeks. Additionally, the same group of researchers performed a Cr 

supplementation protocol in a single kidney patient for 35 days (20g/day for 5 days, followed 

by 5g/day for the next 30 days) (GUALANO et al., 2010). This demonstrates that regardless 

of protocol, time, and sample, creatine supplementation does not affect renal function. In 

addition, the results expand current knowledge, showing that Cr supplementation is 

considered safe even in patients at high risk of renal and cardiovascular disease. 

Individual analyzes of renal function markers demonstrated that there was large 

intra-individual heterogeneity in both groups. It is well established that variability in markers 

of renal function is a risk factor in the progression of chronic kidney disease and death 

(PERKINS et al., 2012; TSENG et al., 2015). A recent study showed that diabetic patients 
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have a 7% higher risk of dialysis/death due to variability in renal function markers (PERKINS 

et al., 2012). It is noteworthy that half of the participants in the present study (Cr 50% and 

PLA 60%) were diabetic, which is one of the possible factors responsible for the intra-

individual heterogeneity. Based on this, we could infer that if there was an alteration in renal 

function markers in these patients, it may be related to the associated diseases, and not the 

creatine supplementation. 

From a practical point of view, the results of this study indicate the safety of 

creatine supplementation for patients with peripheral artery disease. Therefore, interventions 

based on Cr supplementation can be used in order to improve muscular performance in PAD 

patients, known to present muscle atrophy (TARNOPOLSKY et al., 2004), reduced strength, 

and walking impairment. 

The present study has some limitations. The small sample size limited the 

comparison between groups. Our results are restricted to patients with PAD without chronic 

renal failure, and whether these results are replicable in patients with PAD with renal 

impairment, needs to be investigated. Cr supplementation was performed for 8 weeks, and it 

is not known if longer periods of Cr supplementation affect markers of renal function. 

Patients were using antihypertensive drugs that may affect renal responses. 

However, since the majority of PAD patients are under hypertension drug therapy, our 

findings increase the practical applicability of the results. 

 

CONCLUSION 

 

Eight weeks of creatine supplementation does not alter markers of renal function 

in patients with symptomatic PAD. 
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4. CONSIDERAÇÕES FINAIS 

Oito semanas de suplementação de creatina associada a prática de atividade física, 

parece não promover alterações na capacidade funcional, saturação de oxigênio muscular, 

função e regulação cardiovascular em pacientes com doença arterial periférica sintomáticos. 

Além disso, a creatina parece ser segura no que diz respeito a função renal desses pacientes. 
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