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RESUMO

Introducdo: pacientes com doenca renal crénica (DRC) possuem alteracGes da capacidade
funcional e forga muscular que podem acarretar em prejuizos no tempo de sobrevida. Objetivo:
verificar a influéncia da capacidade funcional e forga muscular na sobrevida de pacientes com
DRC em hemodialise (HD). Métodos: Estudo de coorte prospectivo com 59 pacientes com
DRC em HD foram acompanhados por dois anos. As avaliacdes consistiram em capacidade
funcional pelo teste de caminhada de seis minutos (TC6’), forca de membros inferiores com
teste de sentar e levantar (TSL), forga de preensdo manual (FPM) pela dinamometria e forca
muscular respiratdria através da manovacuometria, independéncia funcional pela escala de
Lawton, nivel de atividade fisica pelo IPAQ versédo curta e qualidade de vida (QV) pelo EQ-
5D. Resultados: Dos 59 pacientes incluidos, 55,9% eram homens com 58,1 + 14,5 anos e
mediana de tratamento de 64,6 [37,9 — 136,3] meses. Durante dois anos de acompanhamento,
houveram 28,8% de &bitos. Relacionaram-se com menor tempo de sobrevida: Capacidade
Funcional (HR: 9,92 1C95%: 1,31-74,89; p=0,026), FPM (HR: 3,0 1C95%: 1,17-7,88; p=0,023)
e forca expiratéria (PEméax) (HR: 3,8 1C95%: 1,33-10,80; p=0,012), 76,3% dos pacientes eram
independentes e 61% sedentarios. A QV obteve escore de 0,798 + 0,185 e a média da percep¢do
geral de saude foi de 80,6 + 10,4. Houveram associacgdes significativas dos testes fisicos entre
si e com a qualidade de vida. Conclusao: Capacidade Funcional e forca muscular influenciam
na sobrevida de DRC em HD. Além disso, testes fisicos possuem uma boa associacao entre si
no grupo de pacientes estudados.

Palavras-chave: Doenca Renal; Dialise Renal; Forca Muscular; Anélise de Sobrevida.



ABSTRACT

Introduction: patients with chronic kidney disease (CKD) have changes in functional capacity
and muscle strength that can suffer damage in times of survival. Objective: to verify the
influence of functional capacity and muscle strength on the survival of patients with CKD on
hemodialysis (HD). Methods: prospective cohort study with 59 HD CKD patients was
followed for two years. The assessments consisted of functional capacity by the six-minute
walk test (6MWT), lower limb strength with sit and stand test (STS), handgrip strength (HGS)
by dynamometry and respiratory muscle strength through manovacuometry, independence
functional by the Lawton scale, level of physical activity by the IPAQ short version and quality
of life (QOL) by the EQ-5D. Results: of the 59 patients included, 55.9% were men aged
58.1+£14.5 years and median treatment of 64.6 [37.9 - 136.3] months. During two years of
follow-up, there were 28.8% of deaths. They were related to shorter survival time: functional
capacity (HR: 9.92 95% ClI:1.31-74.89; p=0.026), HGS (HR: 3.0 95% CI: 1.17-7.88 ; p= 0.023)
and maximum expiratory pressure (MEP) (HR: 3.8 95% CI: 1.33-10.80; p = 0.012), 76.3% of
patients were independent and 61% sedentary. The QOL obtained a score of 0.798+0.185 and
the mean of the general health perception was 80.6+10.4. There were significant associations
between physical tests and quality of life. Conclusion: functional capacity and muscle strength
influence the survival of CKD on HD. In addition, physical tests have a good association with

each other in the group of patients studied.

Keywords: Kidney disease; Renal Dialysis; Muscle strength; Survival Analysis.
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APRESENTACAO

Este trabalho consiste na Tese de Doutorado intitulada Influéncia da capacidade funcional
e forca muscular na sobrevida de pacientes com doenca renal crénica em hemodiélise: um
estudo de coorte a ser apresentada ao Programa de Pds-Graduacdo em Ciéncias da Saude da
Universidade Federal de Ciéncias da Salude de Porto Alegre — UFCSPA.

As questdes de pesquisa que estimularam o desenvolvimento desse trabalho possibilitaram
identificar a importancia de testes fisicos amplamente utilizados no ambito da Fisioterapia e
suas associacGes com a sobrevida de pacientes com DRC em HD. Testes de facil aplicabilidade
e baixo custo que permitem uma boa avaliacdo e acompanhamento da evolugao e prognostico
dos pacientes. O presente trabalho verificou também a necessidade de mais estudos com
maiores tamanhos amostrais e maiores periodos de acompanhamento que favorecam o nivel
das evidéncias e beneficiem o processo de reabilitacdo dos pacientes.

Para contribuir com as respostas, foi realizado um estudo de coorte prospectivo com
acompanhamento de dois anos de pacientes com DRC em HD da Unidade de Terapia Renal do
Hospital S&o Vicente de Paulo de Cruz Alta — RS. Os pacientes foram avaliados através de
testes de capacidade funcional, forca muscular periférica e respiratéria, além de questionarios
de qualidade de vida e funcionalidade. A partir dos resultados obtidos nesse estudo, verificou-
se a importancia da préatica de exercicios fisicos nesses pacientes e dessa forma, surgiu a
necessidade de investigarmos também, os efeitos do exercicio em pacientes que ainda ndo estéo
em tratamento por terapia renal substitutiva. Sendo assim, foi realizada também uma reviséo
sistematica de ensaios clinicos randomizados afim de investigar os efeitos do exercicio aerobico
em pacientes com DRC nos estagios pré-dialiticos.

Essa tese € composta de: introducéo, revisao de literatura, objetivos, dois artigos cientificos

e, em anexo, a carta de aprovacao do Comité de Etica em Pesquisa — CEP.



1. INTRODUCAO

A Doenca Renal Crénica (DRC) ¢ definida por ser uma lesdo renal com perda progressiva
e irreversivel da funcdo dos rins, podendo ser a nivel glomerular, tubular ou enddcrina. A
doenca é um processo continuo, que tem inicio a partir da perda da funcdo de alguns néfrons e
que acaba quando os demais tornam-se incapazes para a manutenc¢do da vida, sendo necessaria
entdo, a terapia renal substitutiva (Junior, 2004), ou ainda o transplante renal (Orlandi et al.,
2015).

Diabetes Mellitus e Hipertensdo Arterial sdo as principais causas da doenga sendo que suas
complicacdes mais frequentes sdo cardiovasculares e musculoesqueléticas, dessa forma é
importante programas de tratamento eficazes que possam retardar a progressdo bem como as
consequéncias da doenca (Girndt, 2017).

Varios sistemas estdo incluidos nas alteracbes metabdlicas do estado urémico, dentre eles:
sistema renal, cardiovascular, hematolégico, neuroldgico, osteomuscular e enddcrino
(Romagnani et al., 2017; Whaley-Connell e Sowers, 2017). Avaliacbes como capacidade
funcional, for¢a muscular periférica e qualidade de vida tem sido realizadas e mostrado um
importante valor prognostico nessa populacdo, (Kohl et al., 2012; Matsuzawa et al., 2014;
Jassal et al., 2016) uma vez que as alteracdes decorrentes da uremia, estdo presentes em 75%
dos doentes (Flisinski et al., 2014; Romagnani et al., 2017) e todas essas alteracfes levam a
sintomas de depresséo e ansiedade (Lee et al., 2013).

Com o objetivo de retardar a evolucdo da doenga e melhorar as variaveis de aptiddo fisica
de DRC, estudos vém sendo desenvolvidos para estudar os beneficios do exercicio fisico nessa
populacdo, tanto na fase pré-dialitca, dialitica ou mesmo apos o transplante renal (Hiraki et al.,
2017; Qiu et al., 2017; Schardong et al., 2017; Dipp et al., 2019).

Anterior ao inicio da pratica de exercicios, avaliagcdes fisicas sdo importantes afim de
acompanhar a evolucdo do paciente. Para isso, alguns testes vém demonstrando boas
correlagbes e valores prognosticos em DRC, tais como forca de preensdo palmar realizado
através de dinamometria e teste de caminhada de seis minutos (TC6’) (Kohl et al., 2012;
Hellberg et al., 2014). No entanto, ainda existe a necessidade de estudos que avaliem outros
testes de facil aplicabilidade dentro da fisioterapia como por exemplo o Teste de Sentar e
Levantar (TSL) e forca muscular respiratoria.

Com o objetivo de melhor discutir esses temas, nas proximas sessdes, encontra-se uma
breve revisdo da literatura sobre aspectos fisiopatologicos da DRC bem como ferramentas de

avaliacdo fisica que fundamentam sua utilizacao.



2. REVISAO DE LITERATURA

2.1 Sistema Urinario: caracteristicas morfofuncionais

O sistema urinério interfere em todas as partes do corpo humano mantendo 0s outros
sistemas funcionando normalmente e em equilibrio com os fluidos do corpo. Esse sistema é
composto por dois rins, dois ureteres, uma bexiga urinaria e uma uretra; 0s quais realizam um
trabalho importante de filtragdo do sangue e formagéo da urina com o objetivo de manter a
homeostase (De Groat, 1993).

Dentre as inumeras funcdes atribuidas ao rim, podemos também citar a regulacdo do
volume e composicao do sangue, regulagéo da presséo arterial, contribui¢do para o metabolismo
(gliconeogénese, secrec¢do de eritropoetina e participacao na sintese de vitamina D), atuagdo no
sistema renina-angiotensina além do transporte, armazenamento e eliminacdo da urina
(Wallace, 1998).

A unidade funcional do rim é o néfron, que é formado entre a 122 e 36% semanas de
gestacdo e, ap0s esse periodo, ndo sdo gerados novos néfrons, sendo que os disponiveis
aumentam de tamanho para acomodar as demandas renais aumentadas (Romagnani et al.,
2017). Cada néfron é constituido pelo corpusculo renal (que compreende o glomérulo e a
capsula de bowman), tubulo contorcido proximal, alca de Henle e tdbulo contorcido distal
(Wallace, 1998).

Estima-se que o numero aproximado de glomérulos seja cerca de 900.000 a 1 milhdo
por rim, no entanto, esse nUmero pode variar na populacao, estando fortemente correlacionada
com o peso ao nascer do individuo e correlacionado inversamente com a idade e com a pressao
arterial (Duval et al., 1985; Glassock e Rule, 2016).

O processo da formacdo da urina inicia no cortex renal através da filtragdo glomerular
e continua a fluir através dos tibulos e ductos coletores onde entra nos calices renais e na pelve
renal e finalmente sai do rim para a bexiga através dos ureteres. Além disso, as paredes dos
calices, pelve renal e ureteres contém musculatura lisa as quais se contraem ritmicamente e
ajudam a impulsionar a urina ao longo de seu curso (Wallace, 1998).

O processo de filtracdo glomerular inicia quando o sangue entra no glomérulo por meio
da arteriola eferente; e através de um mecanismo de diferenca de pressdo que ocorre entre a
pressdo do capilar glomerular, pressédo coloidosmética e pressdao capsular. Essa diferenca de
pressdo chamamos de pressao de filtracdo, essa pressdo forca o fluido e alguns solutos de
pequeno tamanho molecular através dos poros nas paredes dos capilares e limen da capsula de

bowman. O filtrado glomerular é semelhante ao plasma, no entanto, carece de proteinas, as
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quais sdo muito grandes para passar pelos poros e, dessa forma, ficam retidas no sangue (De
Groat e Yoshimura, 2015).

As funcbes de armazenamento e eliminacdo da urina sdo reguladas através de um sistema
de controle neural entre o cérebro, medula espinhal e ganglios autonémicos periféricos que
coordenam a atividade muscular lisa e estriada da bexiga e uretra (De Groat et al., 2015; De
Groat e Yoshimura, 2015).

2.2 Doenca Renal Cronica

A Doenca Renal Crénica (DRC) consiste em uma lesdo renal com perda progressiva e
irreversivel da funcéo dos rins podendo ser a nivel glomerular, tubular e enddcrina. Na sua fase
mais avancada, chama-se de fase terminal de insuficiéncia renal crénica (IRC), onde os rins ndo
conseguem mais manter o equilibrio interno do paciente (Junior, 2004) e a partir dai se faz
necessario uma forma de terapia renal substitutiva (TRS) que pode ser através da hemodialise
(HD), dialise peritoneal (DP) ou transplante renal (TR) (Levey et al., 2015).

A doenga é definida por uma taxa de filtracdo glomerular (TFG) menor que 60
mL/min/1.73m?, albumindria de pelo menos 30 mg por 24 horas conforme ou marcadores de
dano renal como por exemplo: hematuria ou anormalidades estruturais como rins policisticos
ou displasicos por pelo menos 3 meses (Andrassy, 2013; Levey et al., 2015).

Estima-se que a doenca afete 8 a 16% da populacdo mundial, sendo uma das principais
causas de morte em todo o mundo (Chen et al., 2019). No Brasil, dados do Inquérito Brasileiro
de Dialise estimam que um namero de 3 a 6 milhdes de brasileiros tenham DRC (Sesso, Lopes,
Thome, et al., 2017), destes, em Julho de 2017, cerca de 126.583 pacientes estavam em
tratamento dialitico sendo a Hemodialise a forma mais utilizada. Além disso, o nimero de
pacientes que iniciaram o tratamento vem crescendo a cada ano, sendo que em 2017 foi
estimado em 40.307 pacientes (Thomé et al., 2019). Dados preliminares do Ministério da Satude
estimam que em 2018, o nimero de Gbitos registradas devido a DRC no pais foi de 8.055
pessoas sendo 0 maior nimero na regido sudeste, seguido da regido nordeste e sul do pais.
(Datasus, 2020).

Esses dados reforgam a DRC como sendo um grande problema de satde publica uma vez
que 85% dos tratamentos s3o pagos através do Sistema Unico de Salde (Sesso, Lopes, Thomé,
et al., 2017). Se faz necessario portanto, uma deteccao precoce da doenca renal e de condutas
terapéuticas adequadas com o objetivo de retardar a sua progressdo, reduzir o sofrimento dos
pacientes além dos custos financeiros associados a ela (Junior, 2004; Paniagua-Sierra e Galvan-
Plata, 2017).
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O estadiamento da DRC é baseado no célculo da TFG, sendo esse estadiamento classificado
em:

- Estagio 1 (TFG > 90 mL/min/1.73 m?),

- Estagio 2 (TFG entre 60 e 89 mL/min/1.73 m?),

- Estagio 3a (TFG entre 45 e 59 mL/min/1.73 m?),

- Estagio 3b (TFG entre 30 e 44 mL/min/1.73 m?),

- Estagio 4 (TFG entre 15 e 29 mL/min/1.73 m?)

- Estagio 5 (TFG <15 mL/min/1.73 m?) (Andrassy, 2013; Levey et al., 2015).

A figura 1 demonstra o prognostico da DRC pela TFG e categorias de albumindria.

Figura 1: Prognostico da DRC pela TFG e categorias de albumindria

Categorias de Albuminuria persistente

- Risco baixo Al A2 A3

I:l Risco moderado Normal ou Moderadamente Severamente
levemente aumentado aumentado
I:l Risco alto
aumentado
- Risco muito alto <30 mg/g 30-300 mg/g =300 mg/g

<3 mg/mmol 3-30 mg/mmol > 30 mg/mmol

G1 Normal ou alta =00
E :E G2 Ligeiramente diminuida 60-89
-E E" G3a | Ligeira &4 moderadamente diminuida 45-59
‘§ E G3b Moderada 4 severamente diminuida 30-44
%ﬁ E G4 Severamente diminuida 15-29
© G5 Faléncia renal <15

Adaptado de (KDIGO Board Members, 2012)

Para a medida de da TFG estimada, varios marcadores sdo utilizados, sendo 0 mais comum
acreatinina (Levey et al., 2015). No entanto, novos marcadores vem sendo testados para estimar
a TFG.(Horio, 2014) Um recente estudo de coorte avaliou 440.526 participantes no Reino
Unido, e comparou a TFG baseada em trés formulas. Os pesquisadores basearam-se nos valores
de creatinina sérica, cistatina C e creatinina-cistatina e associaram os resultados de cada
estimativa com a mortalidade por doengas cardiovasculares (DCV). Os autores encontraram
que a medida baseada no céalculo da cistatina esta mais frequentemente associada a DCV e a
mortalidade juntamente com a albumindria, enquanto que as medidas tradicionais com base na
creatinina apresentaram uma fraca associacgao (Lees et al., 2019).

Além disso, o teste de cistatina C para avaliar a funcao renal possui vantagens em potencial

em relacdo a utilizacdo da creatinina. Uma delas € que néo é influenciada pela atividade fisica,
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massa muscular ou sexo, podendo assim ser um método mais sensivel para estimar a funcéo
renal (Shlipak et al., 2013).

Os estagios iniciais da doenca frequentemente sdo assintomaticos por isso, na maioria das
vezes, sao detectados durante a avaliacdo de comorbidades. Ainda, doencas rapidamente
progressivas podem levar & insuficiéncia renal em poucos meses; no entanto, a maioria das
doencas evolui ao longo de décadas e alguns pacientes ndo progridem durante muitos anos de
acompanhamento (Levey e Coresh, 2012).

Dentre as principais causas relacionadas a DRC podemos citar o Diabetes Mellitus (DM)
e/ou a Hipertensdo Arterial (HA) (Junior, 2004). Acredita-se que as consequéncias adversas
diretas da hipertensdo em qualquer leito vascular sejam em fungdo do grau ao que 0 mesmo
esta e na falha dos mecanismos de autorregulacdo renal em proteger assim a microvasculatura
renal (Bidani e Griffin, 2004). Além disso, a nefroesclerose hipertensiva ndo possui marcadores
distintos de danos nos rins, mas podem ocorrer altas concentra¢des de albumindria ap6s o inicio
do declinio da TFG (Levey e Coresh, 2012).

Com relacdo ao DM, sabe-se que a hiperglicemia (disturbio induzido pelo DM), é essencial
para o desenvolvimento das les6es glomerulares observadas na nefropatia diabética (Diabetes
et al., 1993). A nefropatia diabética € classifica em quatro estagios principais: estagio 1:
Hiperfiltracdo (aumento no ritmo de filtracdo glomerular e normoalbumindria), estagio 2:
microalbumindria (excrecdo urinaria de albumina entrre 30 — 300 mg/24h), estagio 3:
proteinuria ou nefropatia clinica (excre¢do urinaria de albumina atinge valores superiores a 300
mg/24h e queda progressiva da TFG), estagio 4: nefropatia terminal (pacientes com DRC em
TRS e transplante renal) (Castiglioni e Savazzi, 1988; Macia Heras et al., 2001; Kashihara,
2008).

A glomerulosclerose diabética é marcada pelo lento agravamento da albumindria,
hipertensdo e declinio progressivo da TFG por vezes com presenga de sindrome nefrotica
(Levey e Coresh, 2012). caracterizada por edema que persiste por semanas e meses, ganho de
peso, fadiga e perda do apetite (Nephrotic Syndrome, 2016). Anormalidade dos fatores de
coagulagdo também podem estar associados & sindrome nefrotica (Togawa et al., 2004).

Outras causas como idade avancada, obesidade, glomerulonefrite, infeccdes, nefro
toxicidade, além de fatores sociodemograficos como por exemplo araga (Ku et al., 2019), baixa
renda (Gutierrez et al., 2010), baixa escolaridade e fatores genéticos podem ocorrer (Chen et
al., 2019). Em um estudo realizado por Tirapani e Fernandes (Tirapani e Fernandes, 2019) com
0 objetivo de analisar o impacto da renda, educacdo etnia nas Doengas Cronicas Né&o-
Transmissiveis (DCNT’s) incluindo DM, HA e DRC, analisou 161 estudos de 96 paises e
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encontrou que a renda, educacao e a raga tém impacto na prevaléncia, incidéncia, diagndstico,
tratamento, progressao e mortalidade nos paises de baixa e média renda mostrando que o tema
relacionado aos fatores sociais precisa ser constante na elaboracdo de politicas de salde

presentes na atividade profissional.

2.3 Tratamento da DRC
2.3.1 Tratamento Conservador

Para o tratamento da DRC, cada paciente deve ter um plano de agdo clinico baseado no
estagio da doenca. O tratamento de comorbidades, o uso de intervencBes para retardar a
progressao da doenca, medidas para reduzir o risco de DCV devem comecar nos estagios 1 e 2.
Ainda, o tratamento de outras complicacdes decorrentes da diminuicdo da TFG como anemia,
desnutricdo, doenca 0ssea, neuropatia e diminuicdo da qualidade de vida, devem ser realizados
durante o estagio 3, pois a prevaléncia dessas complicacbes comecam a aumentar quando a
TFG cai para niveis abaixo de 60 mL/min/1,73m? (Levey et al., 2003).

E importante também, no inicio da doenca, direcionar o tratamento para medidas como o
controle da hipertensdo uma vez que a interacdo entre hipertensdo e DRC é complexa e aumenta
o risco de desfechos cerebrovasculares. Diversos mecanismos contribuem para a HAS dos quais
podemos citar a desregulacdo do sodio, aumento da atividade do sistema nervoso simpatico e
atividade do sistema renina-angiotensina aldosterona (Hamrahian e Falkner, 2017).

Dentro das intervencbes farmacoldgicas, os agentes que blogueiam o sistema renina-
angiotensina-aldosterona (SRAA) sdo os agentes de primeira escolha uma vez que atuam
também na redugdo da albumindria, existe ainda a utilizacdo classes de medicamentos
diuréticos, anti-hiperglicémicos, estatinas, ativadores do receptor de vitamina D, estimulantes
de eritropoetina também sdo utilizados pela equipe médica (Lambers Heerspink e De Zeeuw,
2013).

Além de medidas farmacologicas, a mudanca nos habitos de vida como a préatica de
exercicios fisicos é incentivada. Wyngaert e cols (Vanden Wyngaert et al., 2018) através de
uma revisdo sistematica com meta-analise revisaram os efeitos do treinamento aerobico na
funcdo renal e cardiovascular em pacientes com DRC nos estagios 3-4. Foram incluidos 11
ensaios clinicos randomizados (ECR) com um total de 362 participantes. Os autores concluiram
haver um efeito benéfico do exercicio aerdbico sobre a TFG e a tolerancia ao exercicio quando
comparados ao grupo que recebeu o tratamento padréo.

Juntamente com a prética de exercicios fisicos, as mudangas nos habitos de vida como a

modificacdo dietética (Beto e Bansal, 2004; Anderson et al., 2016) aliada ao atendimento de
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um equipe multidisciplinar podem produzir melhoras no estilo de vida dos pacientes (Howden
etal., 2013).

2.3.2 Terapia Renal Substitutiva

Uma vez atingido o estagio terminal da IRC, geralmente é necessaria uma TRS. O
aconselhamento sobre as op¢des (DP, HD ou TR) deve ser coordenada pelo médico nefrologista
e pela equipe multidisciplinar (Sumida e Kovesdy, 2017).

A modalidade de DP, se refere a um processo continuo de TRS, no qual sdo trocados
solutos e liquidos entre 0 sangue dos capilares peritoneais e a solucdo de dialise na cavidade do
peritbnio. Em média, os pacientes realizam de 3 a 4 trocas manuais por dia (Li et al., 2017).

A DP ¢é uma modalidade de dialise que pode ser realizada manualmente denominada de
Diélise Peritoneal Ambulatorial Continua (DPAC), ou com 0 uso de uma maquina cicladora
chamada de Didlise Peritoneal Automatiza (DPA) na qual o paciente realiza em casa,
normalmente no periodo da noite, antes de dormir (Sbn., 2020).

E uma alternativa de alta qualidade e custo-beneficio (Li et al., 2017). A primeira
tentantiva de utilizar o peritdnio humano para dialisar os solutos para a retengdo da fungéo
urémica foi realizada em 1923 e, nas décadas seguintes, com a melhor compreensao da técnica
juntamente com o desenvolvimento do cateter de permanéncia teve aumento em sua utilizacéo,
e passou a ser aceita como TRS domiciliar (Oreopoulos et al., 1978; Popovich et al., 1978).

No entanto, o uso da técnica levou os nefrologistas a uma série de preocupacdes como
alto risco de infec¢des, depuracdo inadequada e deterioracdo da salde peritoneal (Oreopoulos
et al., 1978). Sendo assim, em meados da década de 1990 houve uma reducdo na proporcdo de
pacientes tratados através da DP (Bloembergen et al., 1995).

Atualmente, devido as melhoras na aplicacdo da DP e estudos demonstrando uma
sobrevida semelhante aqueles pacientes que realizam HD e seu custo ser menor, 0 uso dessa
modalidade vem aumentando em diversos paises como China, Tailandia e Estados Unidos (Ll
etal., 2017).

Em um estudo de coorte brasileiro (De Moraes et al., 2014) que acompanhou 9.905
pacientes entre os anos de 2004 e 2011 que iniciaram a DP, se observou uma melhora na
sobrevida ao longo dos anos com uma reducdo do Risco Relativo (RR: 0,83 1C95%: 0,72 —
0,95) nos anos de 2007/2008 e (RR: 0,69 1C95%: 0,57 — 0,83) nos anos de 2009/2010. O estudo
demonstrou ainda que, a principal causa de abandono do tratamento foi o 6bito, seguido de
complicagdes como o surgimento de peritonite, a falha na ultrafiltracdo, disfuncéo de cateter e

infeccdo refrataria.
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Outra forma de TRS é a hemodialise (Levey et al., 2003; Junior, 2004), a terapia foi
projetada para substituir parte da fisiologia normal do rim, restaurando o0 ambiente entre o fluido
intra e extracelular onde é realizado com uma série de mais de 10.000 pequenas fibras
constituidas a partir de uma membrana semipermeavel. Essas fibras possuem pequenos poros
que permitem uma troca de fluidos entre o sangue e o compartimento de fluidos da dialise (Foy
e Sperati, 2018). Solutos como a ureia sdo transportados do sangue para o dialisato e
bicarbonato do dialisato para o sangue. Existe ainda um processo denominado ultrafiltracdo em
gue ndo ha alteracdo nas concentracfes de soluto pois seu objetivo principal € a remoc¢do do
excesso de &gua corporal. Torna-se importante ressaltar que para cada sessdo de HD, o estado
fisiol6gico do paciente deve ser avaliado para que a prescri¢do da didlise possa ser alinhada
com os objetivos da sessdo (Himmelfarb e Ikizler, 2010). A figura 2 demonstra como €
realizado o circuito da HD.

Figura 2: circuito de HD |
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Para a HD ser realizada, é necessario que o sangue seja retirado do acesso arterial o qual
circula pelo dialisador e retorne entéo para o paciente ao acesso do sangue venoso. (Polaschegg,
2005) Para que esse processo seja realizado, existem trés alternativas de acesso: fistula

arteriovenosa (FAV), enxerto arteriovenoso (EAV) ou cateter (Foy e Sperati, 2018).
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Abaixo, na figura 3, estdo demonstrados os tipos de acessos para o tratamento dialitico

bem como os tipos de diélise.

Figura 3. Tipos de acessos para dialise.
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Adaptado de Romagnani e cols (2017). a) Fistula Arteriovenosa: realizada através de uma anastomose cirdrgica
de uma artéria periférica com uma veia subcutanea maior, por exemplo, no antebraco, b) enxerto arteriovenoso, c)

cateter venoso central, d) cateter transcutaneo peritoneal para dialise peritoneal.

Cada forma de acesso para a HD apresenta vantagens e desvantagens distintas,
atualmente, os cateteres venosos centrais (CVVCs) sdo a forma dominante de inicio da HD e em
casos de urgéncia no inicio da HD, provavelmente pela relativa facilidade de colocacéo inicial,
e encaminhamento tardio do paciente ao cirurgido vascular (Foley et al., 2009; Tang et al.,
2019).

Porém, as diretrizes atuais sugerem a colocacdo precoce da FAV (Vascular Access
Work, 2006; Sidawy et al., 2008). Os enxertos sdo o terceiro tipo de acesso e, apesar de terem
funcbes bem-sucedidas nas fases iniciais, baixas taxas de infeccdo em comparagdo com 0s
CVCs, sd@o mais propensos a falha em comparacdo com a FAV (Allon e Lok, 2010). Ainda,

pacientes idosos, mulheres, com fatores de risco para DCVs ou que possuam DCVs possuem
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maior risco de ndo conseguir amadurecer a fistula, sendo entdo recomendado o EAV (Miller et
al., 2003; Lok et al., 2006).

Com relacdo com tempo de inicio da dialise (precoce verus tardio), os dados encontrados
na literatura ainda sdo conflitantes. As diretrizes atuais recomendam que o tratamento deve
iniciar com uma abordagem mais tardia, devendo-se basear principalmente na avaliagcdo de
sinais e sintomas associados a uremia e deterioracdo do estado nutricional e ndo somente 0s
valores da TFG (Nesrallah et al., 2014; National Kidney, 2015).

Zaho e cols (2018) atraves de uma meta-anéalise de estudos observacionais estudaram o
momento de inicio de diélise e compararam com o risco de mortalidade. Ao final do estudo
verificaram que o inicio precoce da terapia dialitica estd relacionado com aumento na
mortalidade comparando com pacientes que tiveram inicio tardio (Zhao et al., 2018).

Cooper e cols através de um estudo randomizado submeteram 828 adultos a
randomizacdo em dois grupos: inicio precoce com uma TFG estimada de 10 a 14 mL por minuto
e inicio tardio com a TFG estimada entre 5 a 7 mL por minuto. Ao final do estudo, verificou-
se que o inicio precoce da didlise ndo estava associado com melhora na sobrevida (Cooper et
al., 2010).

No entanto, o transplante renal, dentre as modalidades de substituicdo renal é
considerado a melhor das alternativas (Farah et al., 2018). Existem registros que datam que o
primeiro transplante renal bem sucedido aconteceu em 1954 (Merrill et al., 1956), e desde
entdo, o método evoluiu para se tornar a alternativa de tratamento preferida entre os pacientes
na fase terminal da DRC. O progresso no transplante renal melhorou a sobrevida, bem como
resultados a longo prazo principalmente para 0s mais jovens. As pessoas mais jovens de 20 a
39 anos vivem cerca de oito anos em dialise versus 25 anos apds o transplante renal (Augustine,
2018).

No entanto, ainda existem algumas barreiras que afetam a preferéncia dos pacientes pela
didlise em relacdo ao TR, dentre essas barreiras podemos citar a falta de doadores, baixo
conhecimento, barreiras religiosas e culturais (Farah et al., 2018).

Com relacdo aos doadores, para testar a elegibilidade do 6rgdo bem como a garantia a
curto e longo prazo do bem-estar do doador, uma abrangente avaliagdo de salde deve ser
realizada. Testes como: compatibilidade de grupo sanguineo, antigeno leucocitario humano,
medidas de TFG, exame de imagens dos rins e trato urinario, testes cardiacos devem ser
realizados (Sebille et al., 2016).

Existem muitas vantagens quando o transplante é realizado de doadores vivos em

comparacdo com doador falecido. Estima-se que a sobrevida no primeiro ano seja superior a
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90% em ambos 0s grupos, mas em cinco anos existe uma diferenga onde cerca de 80% dos
pacientes com 6rgdo de doador vivo ainda estdo vivos, enquanto esse nimero baixa para 65%

dos pacientes com um o6rgdo de um doador falecido (Augustine, 2018).

2.4 Consequéncias da DRC

Os pacientes renais sofrem com frequéncia alteragdes caracterizadas de “sindrome
urémica”, que resulta em efeitos bioldgicos de metabdlitos que ndo sdo excretados ou
metabolizados pelos rins e por isso, sdo retidos no corpo e sdo denominados produtos de
retencdo urémica (Roberts et al., 2011).

Geralmente os sintomas manifestados pela sindrome urémica sdo: anemia, ma nutricao,
disturbios metabolicos que resultam na diminuicdo da tolerdncia ao exercicio, neuropatias
motoras e autonémicas, disfuncBes do metabolismo 6sseo, comprometimento do sistema
imunoldgico e sinais de nausea, vomitos, insonia, fadiga, depressao, ansiedade, disfuncdo erétil,
diminuicdo da libido (Parsons et al., 2006).

Dentre as consequéncias da sindrome urémica destacam-se 0s problemas cardiovasculares
como Hipertensdo, descompensacdo cardiaca, lesdo da parede vascular, aterosclerose e
pericardite (Vanholder et al., 2016). Muitos dos fatores de risco para DCVs e DRC sdo similares
como idade avancada, género masculino, diabetes, hipertensdo, historico familiar,
hipercolesterolemia. No entanto, existem evidéncias que sugerem que outros fatores de risco
relacionados a uremia possam estar relacionados as DCVs no doente renal como albumindria,
anemia, ma nutricdo, estresse oxidativo, inflamacdo, alteracdes no metabolismo de célcio e
fosforo, homocisteina, distarbios do sono e alteragcbes no equilibrio entre &xido
nitrico/endotelina (Sarnak e Levey, 2000; Sarnak et al., 2003).

Com base nos fatores de risco tradicionais e os chamados n&o-tradicionais, todos 0s
pacientes com DRC devem ser considerados de alto risco para DCV (Hernandez et al., 2013),
pois 0s eventos cardiacos representam quase 50% das mortes de pacientes com DRC (Heywood
et al., 2007).

Sabe-se que a aterosclerose € acelerada em pacientes com DRC (Balla et al., 2013), varios
s&o0 0s mecanismos que podem explicar essa aceleracdo. Um deles é uma alteragdo denominada
hiperparatiroidismo secundario como um mecanismo compensatério para controlar 0s niveis
séricos de calcio, fosforo e vitamina D (Sampaio, 2008). Devido a reducdo da absorcao de
vitamina D pelos intestinos, ocorre uma situacdo de hipocalemia, isso causa 0 aumento da

secrecdo de paratorménio (PTH) gerando liberacdo de célcio do 0sso com consequente
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deposicdo ectopica de célcio em artérias (incluindo coronarias), estruturas valvares,
perivalvulares e miocardio. Essa calcificacdo vascular é observada mais comumente em
pacientes no estagio 5 da DRC (Riella, 2003; Sampaio, 2008).

Outro fator consistente e que tem sido reconhecido como um fator de risco para Doenca
Arterial Coronariana (DAC) em DRC é a inflamacdo (Stenvinkel, 2001). A calcifica¢do do
sistema arterial coronério leva a um aumento da estimulacdo dos macréfagos e subsequente
liberacdo de mediadores inflamatdrios como o fator de necrose tumoral alfa (TNFa) (Nadra et
al., 2008). Além disso, niveis elevados de outros marcadores como proteina C-reativa (PCR) e
interleucina 6 (I1L-6) sdo encontrados em pacientes com DRC nas diferentes fases da progresséo
(Papagianni et al., 2003; Stenvinkel, 2006).

As causas de inflamagdo na DRC sdo multifatoriais e incluem estresse oxidativo, acidose
metabolica, infeccdes recorrentes, além de fatores extracorpdreos como impurezas na agua de
diélise e qualidade microbioldgica do dialisato (Akchurin e Kaskel, 2015; Dai et al., 2017).

Hawang e cols através de um estudo de coorte com 30.703 pacientes, avaliaram as
associacOes entre calcificacdo da artéria corondria, taxa de filtracdo glomerular estimada e
mortalidade por todas as causas. Os pesquisadores investigaram se as associa¢fes diferem com
a presenca de inflamacao sistémica. Ao final do estudo, conclui-se que a prevaléncia e extensédo
da calcificacdo coronaria foi maior naqueles com menor TFG e niveis maiores de PCR (Hwang
etal., 2016).

Estudos também tém demonstrado que pacientes nas diferentes fases da DRC possuem
aumento do Estresse Oxidativo (EO) (Beetham et al., 2015) com o aumento de niveis
plasméticos de peroxidacdo lipidica e proteica, reducdo na atividade antioxidante quando
comparados a individuos normais (Boaz et al., 1999; Hirayama et al., 2000).

Os compostos oxidativos sao produzidos como parte dos processos de reparo tecidual,
inflamacdo e mecanismo de defesa, mas em situagdes patoldgicas como uremia, a ativagdo
crénica inadequada dos processos oxidativos contribui para a lesdo de células e tecidos
(Modaresi et al., 2015).

Alguns autores sugerem que a uremia € um estado pro-oxidante com aumento nos niveis
de lipoperoxidacdo e diminuicdo da atividade antioxidante (Boaz et al., 1999; Hirayama et al.,
2000). No entanto, a natureza desse estresse oxidativo e sua provavel exacerbacdo pela dialise
ainda nao estdo bem claros (Liakopoulos et al., 2017).

Alguns estudos tém identificado na DRC, em especial em pacientes que realizam HD,
aumento na producdo de ERO e de espécies reativas de nitrogénio. A ativacdo de macrofagos

pode produzir ERO, em tese: pelo acimulo de toxinas urémicas, bioincompatibilidade das
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membranas de diélise, influxo de endotoxinas da solucédo de dialise (Kelly et al., 2005). Além
disso, condicGes de comorbidades que geralmente acompanham os pacientes como hipertenséo,
dislipidemias, sindrome metabdlica, DM, idade avancada e aterosclerose também explicam o
aumento do EO nessa populacéo (Liakopoulos et al., 2017).

No estudo de Yang e cols, verificou-se que nos 80 pacientes estudados, os niveis de
espécies reativas de oxigénio foram 14 vezes maiores do que antes da sessdo de diélise (Yang
et al., 2006). Ainda, o estresse oxidativo induz disfuncdo endotelial e progressdo da
aterosclerose, reduzindo a disponibilidade de 6xido nitrico (Modaresi et al., 2015).

O endotélio é o maior érgdo do corpo que fica localizado estrategicamente entre a parede
do vaso sanguineo e o sangue (Malyszko, 2010), desempenha papéis importantes na modulagéo
do tonus vascular, sintetizando e liberando uma série de fatores de relaxamento derivados do
endotélio, incluindo prostaglandinas vasodilatadoras, oxido nitrico (ON), e fatores de
hiperpolarizacdo dependente do endotélio, bem como fatores de contragdo derivados do
endotélio (Shimokawa, 2014).

Os mecanismos pelos quais a disfuncdo endotelial ocorre na DRC sdo variados e
parecem evoluir ao longo da progressdo da doenca. Os mecanismos iniciais provavelmente
envolvem uma reducdo na sintese e biodisponibilidade do ON, resultando em grande parte do
estresse oxidativo e da inibicdo endogena da 6xido nitrico sintase endotelial (Baylis, 2006).

A hiperemia reativa do antebraco, uma medida de vasodilatacdo que é mediada em parte
pela producdo do ON, esté prejudicada em DRC e esta diretamente associada ao aumento do
risco de mortalidade (London et al., 2004). Andlises de um estudo transversal com 334
pacientes demonstraram que a disfuncdo endotelial também esta presente em pacientes com
DRC moderada (Landray et al., 2004).

Paciente com DRC apresentam ainda, disfuncdo autonémica cardiovascular como uma
de suas principais complicagdes. Além da sobrecarga adrenérgica nos individuos afetados,
evidéncias indicam a presenca de controle reflexo prejudicado do sistema simpatico e
parassimpatico no coragéo e vasos sanguineos (Salman, 2015).

No curso da DRC, ocorre um desequilibrio entre os componentes do Sistema Nervoso
Auténomo (SNA). A disfungdo autonémica cardiovascular € uma complicagdo grave, porém
pouco compreendida na DRC que, na maioria dos casos, esta associada a hiperatividade do
Sistema Nervoso Simpatico (SNS) e a um blogueio da atividade do sistema nervoso
parassimpatico (SNP) (Hildreth, 2011; Salman, 2015). Esse desequilibrio simpatovagal tem
sido reconhecido como um mecanismo importante de muitas comorbidades cardiovasculares

em geral e, pode ser a via final comum da morte subita, em especial em DRC (Johansson et al.,
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2007). Estudos demonstram que a ativacdo simpética parece jd se manifestar nos estagios
iniciais da doenca, estando diretamente relacionada & gravidade da doenca (Grassi et al., 2012).

Fukuta e cols. (Fukuta et al., 2003) demonstraram que, em pacientes submetidos a
dialise, a variabilidade da frequéncia cardiaca estava inversamente relacionada com a
probabilidade de sobrevida em quatro anos. Os pesquisadores também demonstraram, que a
banda espectral de alta frequéncia, varidvel que indica a modulacdo vagal, estava
significativamente menor nos pacientes que morreram por causa cardiaca quando comparada a
dos sobreviventes do mesmo periodo.

Outra grave consequéncia da DRC é a anemia (Mikhail et al., 2017). Existem vérias
causas para a anemia nessa populacéo, a medida que a fungéo renal diminui, os pacientes podem
desenvolver deficiéncia de ferro. Os pacientes podem néo ser capazes de utilizar efetivamente
0s estoques de ferro do seu proprio corpo e, portanto, muitos em especial aqueles que estdo em
tratamento hemodialitico, podem precisar de tratamento adicional com ferro (Silverberg et al.,
1996; Tessitore et al., 2001).

Além disso, com a perda da funcdo renal, os pacientes podem precisar de tratamento
adicional com uma substancia denominada eritropoetina, responsavel por induzir a medula
Ossea a produzir células sanguineas (Richardson et al., 2001).

O sintoma mais comum da anemia é a fadiga, (Joshwa e Campbell, 2017) no entanto,
outros sintomas como fraquezas, tontura, dor de cabeca, dispneia e dor no peito podem ocorrer.
Os sintomas sdo geralmente observados quando a TFG atinge valores menores que 60
mL/min/1,73m? e continua a piorar na medida que as funcdes renais diminuem. Quando a
doenca progride para o estagio 5, quase 90% dos pacientes possuem anemia sendo que
processos de doencas como hipertrofia ventricular esquerda, insuficiéncia cardiaca e infarto
agudo do miocardio sdo resultados potenciais de anemia ndo tratada e sustentada nessa

populagéo (Pendse e Singh, 2005; Thomas et al., 2008).

2.5 Capacidade Funcional

Pacientes que estdo em tratamento dialitico possuem as maiores taxas de hospitalizagdo
e mortalidade de todas as condicGes cronicas e, as variaveis de capacidade funcional, podem
explicar em parte tal situacdo (Roshanravan et al., 2013; Bossola et al., 2016).

A reducdo da capacidade funcional nesta populacdo também esta descrita em outros
estudos assim como em individuos que estdo na fase pré-dialitica (Moreira et al., 1997; Padilla

et al., 2008; Fassbinder et al., 2015; Zanini et al., 2016) em criancas e adolescentes com DRC
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quando comparados com individuos saudaveis (Watanabe et al., 2016) e em pacientes que
realizam o tratamento através de dialise peritoneal (Shi et al., 2017).

A medida da capacidade funcional vem se mostrando uma ferramenta de avaliacdo
importante e o teste de caminhada de seis minutos (TC6”) é uma das formas de medir esses
valores pois possui uma boa correlagdo com o teste ergométrico (Raissuni e Roul, 2018).

Kohl e cols (Kohl et al., 2012) avaliaram dados de 52 pacientes em hemodiélise e
encontraram uma correlacdo positiva (r=0.508) entre a distancia percorrida no TC6’ ¢ VO de
pico. Os autores ainda demonstraram que para cada 100 metros percorridos no TC6’ a sobrevida
dos pacientes aumenta em aproximadamente 5%.

Com relagdo ao desempenho do TC6’ na DRC, a distancia média percorrida pode
diminuir de 600 metros na sexta década de vida para 420 metros a partir da oitava década de
vida. A massa gorda corporal e a capacidade sérica de ligacdo total do ferro parecem ser os
principais fatores modificaveis de desempenho no teste, além do nivel de dispneia percebido
que pode estar associado negativamente com os niveis de hemoglobina (Bucar Pajek et al.,
2016). Alem disso, fatores como nivel educacional, forca muscular periférica e depressao
parecem estar associados com o baixo desempenho do TC6’ nesses pacientes (Garcia et al.,
2017).

Ainda, fatores como alteracbes nos niveis de célcio, potassio, hiperparatoroidismo,
desnutricdo, acidose metabdlica (Moreira, 2000) podem diminuir a capacidade funcional desses
individuos. Em associacdo, esses marcadores sdo capazes de ocasionar fraqueza e atrofia
muscular, podendo entdo, a reducdo da capacidade funcional ser consequéncia de um quadro
denominado miopatia urémica (Dipp et al., 2010; Kono et al., 2014; Garcia et al., 2017).

A etiologia exata da miopatia urémica permanece incerta e estudos tem demonstrados
que essa alteragdo ndo é incomum nos pacientes com DRC, estima-se que 50% dos pacientes
em dialise apresentem essas alteracdes (Clyne, 1996). Estuda-se que a miopatia urémica possua
origem multifatorial, das quais se deva além do aumento nos valores de PTH, a deficiéncia de
carnitina, aumento nos niveis de ferro e deficiéncia de vitamina D (Al-Hayk e Bertorini, 2007).

Também, alteragbes como anemia, anormalidades cardiovasculares e outras
comorbidades podem ser fatores complicadores da doenga que alteram valores de desempenho
no TC6’ (Kono et al., 2014; Garcia et al., 2017).

Além disso, foi demonstrado que a DRC promove a degradacéo proteica do musculo,
assim como das proteinas inteiras do corpo. A fraqueza muscular presente nesses pacientes, por

sua vez é predominante nos grupos musculares proximais, e em particular, masculos das
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extremidades inferiores o que prejudica a autonomia da marcha, dificuldade em subir escadas
e elevar os bragos (Moreira, 2000; Campistol, 2002).

Estudos realizados através de bidpsias musculares, demonstram alteracdes
mitocondriais, degeneracdo da banda Z, perda de miofilamentos, acimulo de glicogénio
intracelular, atrofia de fibras musculares tipo Il, e aumento no contetdo de lipideos no musculo
(Shah et al., 1983; Diesel et al., 1993).

O melhor tratamento para a miopatia urémica é o transplante renal, caso contrario, o
tratamento consiste em na correcdo das causas descritas acima além do uso de eritropoetina
recombinante humana a qual é eficaz na corre¢do da anemia aumentando assim a atividade e o
funcionamento cardiaco, além do manejo na qualidade da dialise, melhora do estado nutricional
do paciente e a inclusdo do mesmo em programas de exercicio fisico (Campistol, 2002; Al-
Hayk e Bertorini, 2007; Bhadauria, 2012; Clarkson et al., 2019).

2.6 Forca Muscular Periférica e Respiratoria

Fraqueza muscular e fadiga sdo frequentemente relatadas pelos pacientes (Zyga et al.,
2015). A perda de massa muscular na DRC é considerada um importante complicador, pois
contribui para um estilo de vida mais sedentario podendo assim comprometer a saude
cardiovascular e aumento da morbimortalidade (Stenvinkel et al., 1999).

Sabe-se que o processo do envelhecimento esta associado a sarcopenia e ao aumento da
incidéncia de DRC, dessa forma o termo sarcopenia urémica torna implicito o efeito progressivo
e cumulativo da DRC nos musculos esqueléticos (Fahal, 2014). Além disso, a sarcopenia esta
presente em todos os estagios da DRC e também esta associada significativamente ao declinio
da TFG (Zhou et al., 2018).

A diminui¢cdo da massa muscular envolve tanto o tamanho da fibra (atrofia) quanto o
namero (hipoplasia). Tais alteracGes se devem a perda de energia proteica e outros fatores como
fatores hormonais, imunoldgicos, inflamagéo, acidose metabolica, inatividade fisica, excesso
de angiotensina I, reducdo da funcédo de células satélites (Fahal, 2014).

Souweine e cols avaliaram as consequéncias da inatividade fisica e da perda de energia
proteica em 123 pacientes em HD e concluiram que esses fatores possuem um papel importante
na perda de forca e massa muscular (Souweine et al., 2018). Uma das provaveis explicacdes
estd no Sistema Ubiquitina-Proteossoma (SUP) que atua fisiologicamente na regulacdo de
importantes processos fisioldgicos e fisiopatoldgicos nos rins sendo responsavel pela
degradacdo de mais de 80% das proteinas celulares (Meyer-Schwesinger, 2019). Sabe-se que
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em DRC existe uma maior ativacdo desse sistema decorrentes da inflamagdo e acidose
metabdlica que os pacientes apresentam. Isso explica, em parte, a perda de energia proteica
encontrada nessa populacéo (Lecker e Mitch, 2011).

Ainda, a DRC esta associada ao comprometimento da regeneracdo do musculo esquelético
que ocorre a partir da formacgéo de novas miofibrilas por células satélites presentes no musculo
esquelético (Barberi et al., 2013).

Na avaliacdo da forca muscular periférica, Wang e cols (Wang et al., 2017) através de um
estudo de coorte acompanharam 51 pacientes por 12 e 36 meses, 0s pesquisadores avaliaram a
forga muscular periférica dos dorsiflexores do tornozelo e observaram uma queda significativa
da forca desses musculos no final dos 12 meses de acompanhamento, mostrando que 0s
parametros fisicos apresentam queda em prazos relativamente curtos de tempo.

As alteracGes da musculatura esquelética também sdo encontradas mesmo naqueles
pacientes que ja realizaram o transplante renal. Van Den Ham e cols (Van Den Ham et al.,
2005) avaliaram a forca muscular esquelética tanto de pacientes em tratamento hemodialitico
guanto naqueles que realizaram o transplante renal e concluiram que a for¢a muscular em ambos
0S grupos se mostrou igualmente reduzida.

A melhor compreensdo dos fatores associados a perda muscular no DRC precisa ainda ser
melhor elucidada, pois estudos indicam que a perda de for¢ca muscular pode ser preditor de
mortalidade nesses individuos (Matsuzawa et al., 2014).

Quando avaliada a forca em membros superiores, mais especificamente o Handgrip Test,
existem evidéncias que demonstram a importancia da avaliacdo da for¢a de membros superiores
em DRC (Chang et al., 2011; Hellberg et al., 2014). Hellberg e cols realizaram um estudo
retrospectivo com avaliacdo de testes funcionais com 134 pacientes. Os pesquisadores
concluiram que uma reducdo de 50% no valor do teste de preensdo manual comparado com o
predito por sexo e idade, corresponde a um aumento de trés vezes na mortalidade. Essa perda
funcional de pequenos grupos musculares pode ser sinais da miopatia urémica, uma das
consequéncias comuns da DRC (Hellberg et al., 2014). Resultados semelhantes também podem
ser observados em doentes que realizam somente o tratamento conservador, demonstrando que
a avaliacdo muscular de membros superiores através do Handgrip Test pode ser incorporado a
pratica clinica para a avaliagdo do estado nutricional e fator de prognostico também para DRC
em tratamento conservador (Chang et al., 2011).

Entretanto, existem fatores limitantes quanto a utilizacdo da avaliacdo da forca de

preensdo manual em pacientes submetidos & hemodialise, uma vez que somado a outros fatores
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podem interferir nos resultados, entre eles a presenca do acesso vascular e a falta de
padronizacdo da técnica (Pinto et al., 2015).

Existem também, estudos que avaliam a forca de membros inferiores dos pacientes com
DRC e a sua relagdo com a mortalidade. Em um estudo de coorte, Matsuzawa e cols
(Matsuzawa et al., 2014) acompanharam 190 pacientes por 7 anos e avaliaram a forca de
membros inferiores através da dinamometria. Ao final do estudo, os autores concluiram que a
diminuicdo de forca de membros inferiores estd fortemente associada com um aumento na
mortalidade em pacientes em hemodialise, no entanto, os dados desse estudo se referem a uma
populagéo japonesa.

Uma forma simples de avaliar a for¢a de membros inferiores é o teste de sentar e levantar
(TSL) pois permite em pouco tempo e em qualquer lugar que o pesquisador avalie varios
aspectos do paciente tais como: flexibilidade das articulagcbes dos membros inferiores,
equilibrio, coordenacdo motora, relagdo entre poténcia muscular e peso corporal (Aradjo, 1999;
Lira et al., 2000). Existem vérias formas de realizar o TSL, como o teste de sentar e levantar do
chéo que consiste basicamente em quantificar quantos apoios o individuo necessita para sentar
e levantar do chdo (Aradjo, 1999), outra forma relativamente facil e rapida € o teste de sentar e
levantar em uma cadeira em 30 segundos em que € avaliada especificamente a forca e poténcia
muscular onde se mede o nimero de repeticdes que o individuo consegue realizar em 30
segundos. Esse método de avaliacdo parece ser sensivel a deteccdo de intervencBes de
programas de exercicio fisico tanto em idosos quanto em jovens pois pode evidenciar o declinio
da aptidao fisica (Jones et al., 1999).

Além de alteracGes do sistema musculoesquelético, ocorrem também complicagdes no
sistema respiratério dos doentes tais como derrame pleural, hipertensdo pulmonar, calcificacdo
do parénquima pulmonar, insuficiéncias respiratérias (Bavbek et al., 2010; Palamidas et al.,
2014), diminuicéo do endurance e forca muscular respiratoria, quando comparados a individuos
saudaveis da mesma idade (Karacan et al., 2006; Kovelis et al., 2008), o que leva a um dos
principais sintomas respiratorios da DRC que é a dispneia, limitando ainda mais a tolerancia ao
exercicio desses individuos (Palamidas et al., 2014; Bucar Pajek et al., 2016).

As alteracGes respiratorias que ocorrem com a doenca também estdo relacionadas com
0 ganho de peso no periodo interdialitico, maior tempo em tratamento hemodialitico, hipotrofia
muscular de fibras do tipo | e tipo 11, alteracdo de transporte, extracdo e consumo de oxigénio,
deficiéncia de vitamina D, catabolismo proteico aumentado e processos inflamatorios cronicos.
(Campistol, 2002; Mcintyre et al., 2006; Kovelis et al., 2008).
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Palamidas cols (Palamidas et al., 2014) observaram um comprometimento na Plmax
correlacionado significativamente com a duracdo da HD em anos. Os mesmos autores também
relataram uma melhora significativa nos valores de Plmax imediatamente apds a HD,
provavelmente devido ao aumento da contratilidade do diafragma.

Um estudo experimental (Tarasuik et al., 1992) realizado com ratos em que a uremia foi
induzida, mostrou diminuicdo da forga tanto de musculos esqueléticos como o musculo séleo,
qguanto de mausculos respiratorios como o diafragma onde houve um atraso dos estimulos
conduzidos pelo nervo frénico.

Também através de um transversal realizado com 27 pacientes com DRC em HD que
avaliou a funcdo pulmonar, forca muscular respiratoria e a sua correlagdo com desempenho
fisico dos participantes encontrou que tanto os valores de Pressao Inspiratéria Maxima (PImax)
guanto a Pressdo Expiratéria Maxima (PEmax) encontraram-se abaixo dos valores preditos por
sexo e idade (38,2% e 29% respectivamente). Esses valores ainda se correlacionaram com o
desempenho no TC6’ e com a capacidade vital (Jatoba, 2008). Essa diminuicdo tanto na forca
expiratoria quanto na forca inspiratoria pode permanecer abaixo dos valores normais mesmo
em individuos que foram submetidos ao transplante renal (Tavana e Mirzaei, 2016).

Dipp e cols avaliaram 30 individuos com DRC em hemodialise através de um estudo
transversal e encontraram diminui¢do nos valores de PEméax em relacdo aos valores preditos
(p=0,015), além da reducdo nos valores da distancia percorrida no TC6’. Ainda, os valores
obtidos tanto PImax quanto para PEméax correlacionaram-se positivamente com o ndmero de
repeticdes do TSL (r=0,476, p=0,008 e r=0,540, p=0,002 respectivamente), com 0s niveis de
fésforo circulantes (r=0,422, p=0,020; r=0,639, p<0,001 respectivamente), além disso, os
valores do TC6’ correlacionaram-se positivamente com a PEmax e TSL, demonstrando assim
que, a reducdo na PEméax na populacdo estudada esta associada com declinio da capacidade
funcional e forga de membros inferiores (Dipp et al., 2010).

Essas diminuicbes tanto na forca muscular expiratdria quanto na forca muscular
inspiratoria apesar de apresentarem melhora apds o transplante renal, tendem a permanecer
inferiores quando comparados a uma populacdo saudavel da mesma idade (Tavana e Mirzaei,
2016). O que mostra a importancia do encaminhamento desses pacientes a programas de
treinamento fisico dos variados tipos: aerobico e/ou resistido (Heiwe e Jacobson, 2014)
(Cigarroa et al., 2016) realizado de forma domiciliar ou supervisionado (Aoike et al., 2015) no
periodo intradialitico ou interdialitico (Frih et al., 2017; Pu et al., 2019), além de outras formas

de reabilitacdo como o treinamento muscular inspiratdrio e a estimulacéo elétrica funcional que
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apresentam boa evidéncias de melhora nos sintomas relacionados a perda de capacidade
funcional e forga muscular (Dipp et al., 2019; Schardong et al., 2019).

Em relacdo a mortalidade, sabe-se que a disfuncdo pulmonar, em particular a disfuncéo
pulmonar restritiva associa-se ao grau de comprometimento da funcdo renal e presenca de
comorbidade sendo também um fator preditor independente de mortalidade nesses pacientes.
No entanto ainda ndo existem dados na literatura que avaliaram a associac¢ao da forga muscular

respiratoria com a mortalidade em DRC (Mukai et al., 2018).

2.7 Qualidade de vida

Pacientes com DRC em muitos casos, passam a experimentar diferentes sentimentos e
comportamentos devido as alteracdes na capacidade fisica, na autoestima, imagem corporal e
nas suas relac6es sociais (Goncalves et al., 2015; De Medeiros et al., 2017).

Além disso, a necessidade de terapia renal substitutiva leva a sintomas de depressao e
ansiedade que estdo presentes em cerca de 25% dos pacientes (Stasiak et al., 2014) e séo
considerados fatores importantes que afetam o prognostico e interferem na qualidade de vida
de individuos com DRC (Lee et al., 2013), pois estdo associados com diminui¢do na aderéncia
ao tratamento, piora na capacidade funcional e altas taxas de hospitalizacdo (Hedayati et al.,
2010).

Outros fatores como ao nivel de aceitacdo da doenca podem estar positivamente
correlacionados com a qualidade de vida dos doentes, ainda, fatores como maior nivel de
escolaridade e melhor situagdo financeira também estéo relacionados com a maior aceitacéo da
doenca. J& fatores como fadiga, perda muscular, falta de apetite, restricdo na ingestéo de fluidos,
sexo feminino e envelhecimento correlacionam-se com a piora dos niveis de aceitagcdo e
qualidade de vida nessa populacdo (Jankowska-Polanska et al., 2017).

Quando comparadas as taxas de prevaléncia de depressdo em pacientes em tratamento
hemodialitico e tratamento conservador estagios 3 e 4 ou transplante renal, se verificou que 0s
sintomas de depressao e ansiedade estavam presentes em ambos 0s grupos no entanto, em maior
namero naqueles em tratamento hemodialitico (Cwiek et al., 2017).

Resultados similares foram encontrados por Aggarwal e cols que através de um estudo
transversal avaliaram 200 pacientes em diferentes estagios da DRC. Os autores encontraram
menores scores no SF-36 em pacientes com valores menores na TFG estimada, presenca de
Diabetes Mellitus, doenca cardiovascular e valores de PCR aumentados (Aggarwal et al., 2016).

Loon e cols, (Van Loon et al., 2017) através de um estudo que avaliou a qualidade de vida

de 714 individuos de diferentes idades com DRC distribuidos em 26 centros de hemodialise,
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através do questionario de qualidade de vida especifico para doentes renais: Kidney Disease
Quality of Life- Short Form (KDQOL-SF), verificou que menores valores nos indices nos
dominios de funcionalidade, saude emocional e atividade social, estdo fortemente associadas
ha 2 anos de mortalidade independentemente da idade. Os autores ainda concluiram que 0s
individuos que obtiveram baixas pontua¢fes dominio de atividade fisica, possuem um risco 3,6
vezes maior de morte em 2 anos do que aqueles que obtiveram uma melhor pontuagdo no
questionario de qualidade de vida.

Outra ferramenta para avaliar a qualidade de vida auto relatada na DRC é o questionario
EuroQol questionnaire (EQ-5D) (Brooks, 1996). Katayama e cols estudaram, através de uma
coorte, a relacdo entre mudangas no nivel de atividade fisica através de um acelerdbmetro e a
qualidade de vida de doentes renais durante um ano de seguimento e concluiram que quanto
maior o nivel de atividade fisica dos pacientes, melhores os escores do EQ-5D (Katayama et
al., 2016).

Dados de um estudo de coorte realizado com 745 pacientes com DRC que avaliou a
qualidade de vida através do EQ-5D demonstraram que a pontuacao mais baixa no questionario
estd associada a um maior risco de morte (Jesky et al., 2016).

Desta forma, entende-se a necessidade de profissionais da satde em avaliar a qualidade
de vida dos pacientes para assim promover transformacdes, oferecer estratégias de reabilitacdo
e prevenir o comprometimento de atividades cotidianas desses pacientes (Pereira et al., 2012).

2.8 Funcionalidade e Nivel de Atividade Fisica

Pacientes que estdo em tratamento dialitico possuem as maiores taxas de hospitalizacao e
mortalidade de todas as condicdes cronicas e, as variaveis de funcionalidade, podem explicar
em parte tal situacdo (Roshanravan et al., 2013; Bossola et al., 2016).

A dependéncia funcional pode ser medida usando uma variedade de escalas que avaliam a
capacidade do individuo em executar tarefas associadas a cuidados pessoais (por exemplo
comer, se vestir, usar o banheiro) e aquelas associadas a manutencdo de uma casa (como
compras no supermercado, preparacdo de refeicbes e tarefas domésticas). A perda da
dependéncia funcional pode contribuir para a reducdo na qualidade de vida observada nos
pacientes (Gill et al., 2003; Boyd et al., 2008; Mcclure et al., 2011).

Em pacientes com DRC a independéncia funcional pode estar comprometida (Cook e Jassal,
2008). Jassal e cols através de um estudo de coorte acompanharam 7.226 pacientes em HD de

12 paises e encontraram um alto nivel de dependéncia funcional em todas as faixas etérias € em
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todos os paises avaliados. Os resultados ainda apresentaram um forte e consistente preditor de
mortalidade (Jassal et al., 2016). Alem disso, a independéncia funcional pode ser crucial para
permitir que os pacientes consigam sustentar a si proprio e a familia financeiramente (Bennett,
2013).

Em um estudo brasileiro que avaliou a independéncia funcional através da Medida de
Independéncia Funcional (MIF) de 214 pacientes em HD se verificou que o escore médio total
da MIF indicou uma independéncia completa ou modificada dessa populacdo. No entanto a
avaliacdo por categorias mostrou que a locomocdo e tarefa de subir e descer escadas apresentou
a menor pontuagdo. Ainda, os pesquisadores encontraram uma correlacdo negativa entre o
escore médio da MIF com a variavel idade (r=-0,14; p=0,03), complicacdes relacionadas a HD
(r=-0,18; p= 0,01) e comorbidades (r=-0,28; p=0,01). Dessa forma, com o aumento da idade,
namero de complicacdes durante a HD e comorbidades, ocorre um declinio da independéncia
funcional desses pacientes (Oller et al., 2012).

Resultados similares foram encontrados por Viswanath e cols que estudaram independéncia
funcional de 116 pacientes com DRC. Os escores totais de independéncia funcional
apresentaram valores proximos ao maximo indicando total independéncia funcional. No
entanto, certas tarefa especificas como atividades motoras como subir e descer escadas
apresentaram os valores mais baixos (Viswanath et al., 2019).

Quando avaliados através da escala de Lawton e de Katz, Matsuzawa e cols, através de
um estudo de coorte com um ano de acompanhamento de 817 pacientes em HD, demonstraram
gue o baixo nivel de independéncia funcional esta associado com elevado risco de mortalidade,
0 que evidencia a importancia de intervencdes para manter o status funcional nesta populagéo
(Matsuzawa et al., 2019).

Atividade fisica é definida como qualquer movimento corporal produzido pela
contracdo do musculo esquelético que aumenta o gasto de energia acima do nivel basal. A
atividade fisica pode ser categorizada por modo, intensidade e objetivo, entre outros (Physical
Activity Guidelines Advisory Committee report, 2008. , 2009).

No entanto, o nivel de atividade fisica é reduzido até mesmo naqueles pacientes que
estdo na fase pré-dialitica, chegando a 75% a menos quando comparados com uma populacao
saudavel da mesma idade (Heiwe et al., 2003). Também, observa-se que quanto maior o grau
da DRC, menor o nivel de atividade fisica (Mansur, 2007).

Nah cols avaliaram o nivel de atividade fisica de 70 pacientes com DRC e verificou que da
amostra avaliada, apenas 26% dos pacientes preenchiam os critérios para serem classificados

como ativos (Nah et al., 2019).
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O baixo nivel de atividade fisica esta presente também nos pacientes que realizaram
transplante renal, dos fatores associados com esse baixo nivel de atividade fisica podemos citar
o nivel de escolaridade, 0 medo que os pacientes relatam de efeitos adversos, limitagoes fisicas
e a falta de motivacdo (Van Adrichem et al., 2018).

Apesar do consenso entre os nefrologistas de que o exercicio é importante e provavelmente
benéfico para os pacientes, existe a necessidade de introduzir o incentivo a atividade fisica no
manejo dos doentes. Tais intervencdes sdo justificadas uma vez que 0s pacientes apresentam,
independentemente da idade, alta prevaléncia de alteracdes fisicas e maior fragilidade quando
comparados com a populagdo geral de idosos. Além disso, a falta de atividade fisica esta
fortemente associado a mortalidade por todas as causas (Painter e Roshanravan, 2013).

Como ja descrito acima, existe na literatura evidéncias de que a diminuicéo de variaveis
de capacidade funcional, forca muscular e qualidade de vida possam influenciar no tempo de
sobrevida de pacientes com DRC em HD. No entanto, existe a necessidade de mais estudos que
verifiguem a associacao entre esses testes entre si e relaciona-los com o tempo de sobrevida
para que assim, o uso dessas ferramentas, possa se tornar rotina na avaliacdo dos pacientes.

Baseado nesses pressupostos, 0 objetivo do presente estudo € verificar a influéncia da
capacidade funcional, forca muscular periférica e respiratdria na sobrevida de pacientes com
DRC em HD.
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3. OBJETIVOS

3.1 Objetivo geral

Verificar se a capacidade funcional e a forga muscular influenciam na sobrevida de

pacientes com doenca renal crénica (DRC) em hemodialise (HD).

3.2 Objetivos especificos

e Definir se a forca muscular periférica de membros inferiores interfere no tempo de
sobrevida na DRC;

e Descrever a associacdo da capacidade funcional e da forca muscular (membro
superior, forca respiratoria e de membros inferiores)

e Avaliar a qualidade de vida e verificar a associacdo com os desfechos avaliados.

¢ ldentificar o nivel de dependéncia funcional dos pacientes.
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INFLUENCE OF FUNCTIONAL CAPACITY AND MUSCLE STRENGTH ON
SURVIVAL OF PATIENTS WITH CHRONIC KIDNEY DISEASE IN
HEMODIALYSIS: A COHORT STUDY

Abstract

Purpose: verifying the influence of functional capacity and muscle strength on the
survival of patients with chronic kidney disease (CKD) undergoing hemodialysis (HD).
Design, location and sample: Prospective cohort study with 59 adult patients with CKD on HD
at a Renal Therapy Unit in a hospital in south of Brazil followed for two years. Outcomes:
variables of functional capacity were assessed by the six-minute walk test (6MWT), lower limb
strength with sit and stand test (TSL), handgrip strength (HGS) by dynamometry and respiratory
muscle strength using manovacuometry, functional independence by the Lawton scale, level of
physical activity by the IPAQ short version and quality of life (QOL) by the EQ-5D. Results:
from the 59 patients followed up in two years, there were 28.8% of deaths. They were related
to shorter survival time: Functional Capacity (HR: 9.92 95% CI: 1.31-74.89; p= 0.026), FPM
(HR: 3.0 95% CI: 1.17-7.88; p=0.023) and maximum expiratory pressure (MEP) (HR: 3.8 95%
Cl: 1.33-10.80; p= 0.012). 76.3% of patients were still classified as independent and 61%
sedentary. The QoL obtained a score of 0.798 + 0.185 and the average of the general health
perception was 80.6 + 10.4. There were significant associations among all physical tests and
with quality of life, with the highest ones being MEP vs HGS (r= 0.605; p<0.001), 6BMWT vs
HGS (r=0.479; p<0.001), STS vs 6MWT (r= 0.611; p<0.001). Conclusion: functional capacity
and muscle strength influence the survival of CKD on HD. In addition, physical tests have a
good association strength for the studied patients.

Keywords: Kidney disease; Renal Dialysis; Muscle strength; Survival Analysis.



INFLUENCE OF FUNCTIONAL CAPACITY AND MUSCLE STRENGTH ON
SURVIVAL OF PATIENTS WITH CHRONIC KIDNEY DISEASE IN
HEMODIALYSIS: A COHORT STUDY

Introduction

Chronic Kidney Disease (CKD) is defined as kidney damage with progressive and
irreversible loss of kidney function, which can be at the glomerular, tubular or endocrine level
(1, 2). For this, the best indicator of renal function is the glomerular filtration rate (GFR) in
which international guidelines define CKD as the person who has a GFR below 60 mL/min/1.73
m? or markers of renal damage or both by longer than three months. When GFR reaches values
below 15 mL/min/1.73 m?, it is called the final stage of Kidney Disease, in which in these cases,
renal replacement therapy is needed: peritoneal dialysis (PD) or hemodialysis (HD), or even
kidney transplantation (3).

The disease has a high prevalence and constitutes a major cost burden for health systems
worldwide. It is estimated that about 11 to 13% of the world population have CKD (4). Among
the main causes of the disease, Arterial Hypertension and Diabetes (5) stand out, followed by
chronic glomerulonephritis and polycystic kidneys (6).

Patients undergoing dialysis have the highest rates of hospitalization and mortality from
all chronic conditions and, the variables of functional capacity, may partially explain this
situation (7, 8). The decrease in functional capacity in HD patients may be a consequence of
uremic myopathy, anemia, cardiovascular abnormalities and other associated comorbidities (9,
10). Another alteration frequently observed in this population is the reduction in muscle mass
and strength that is due to physical inactivity and the decline in the glomerular filtration rate
and, thus, can lead the individual to a worse prognosis (11, 12).

Studies have shown that performance in tests to assess functional capacity through the
six-minute walk test (6MWT) and peripheral muscle strength, more specifically, the Handgrip
test can be listed as predictors of mortality in this population (11, 13-15). However, there is
still no data to demonstrate the association between these tests and their relationship with the
survival time of CKD in HD.

Thus, the aim of the present study was to assess the association between functional
capacity, peripheral and respiratory muscle strength and the survival of patients with CKD on
HD.



Methods

Study design: this is a prospective cohort study approved by the Research Ethics
Committee of the University of Cruz Alta (UNICRUZ), Cruz Alta - RS, Brazil, under number
CAAE: 92318218.6.0000.5322.

Participants: this study included CKD patients undergoing HD of both genders, aged
over 18 years, selected for convenience and who underwent a regular Hemodialysis program at
the Renal Therapy Unit of Hospital S&o Vicente de Paulo in the municipality of Cruz Alta - RS,
from December 2017 to December 2019. Patients with CKD on HD for more than 3 months,
weekly dialysis frequency of 3 times / week, adequate urea clearance rate during HD were
included. (Kt/v >1.2 or URR>65%) and with complete record of clinical data available in the
service's routine database. Patients with: cognitive impairment that prevented the evaluations,
as well as inability to understand and sign the free and informed consent form, patients with
recent stroke sequel (three months) were excluded; recent acute myocardial infarction (two
months), uncontrolled hypertension (SBP> 230 mmHg and DBP> 120 mmHg), HF grade IV
according to the New York Heart Association or decompensated and unstable angina.

Study variables

The outcome of this study was survival correlated with the following variables:

- Functional capacity: assessed by the 6-minute walk test that was performed following the
recommendations of the American Thoracic Society (16). The patient was instructed to walk as
far as possible for six minutes in a 30-meter flat hall, the distance covered in meters being
recorded. Every minute of the test, the patient was verbally encouraged through standardized
phrases. Running or walking at half-trot was not allowed. The patient was instructed to interrupt
the test if he presented symptoms such as pain in the lower limbs, tachycardia or any symptom

of discomfort.

- Respiratory muscle strength: assessed by Manovacuometry (17) where the measurement
circuit consisted of a Murenas analog manovacuometer with a scale range of 300 cmH20
coupled to a mouthpiece. Maximum Inspiratory Pressure (MIP) was determined, starting from
the residual volume, by deep inspiration against the occluded circuit and Maximum Expiratory
Presure (MEP) was obtained, starting from total lung capacity, by forced expiration against the
mouthpiece of the device. For the analysis of the results, the absolute values and as a percentage
of those predicted by the equations proposed by Neder et al (18) were considered.
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- Handgrip strength: performed with a Jamar hydraulic handheld dynamometer. Initially, the
device was adjusted for each individual according to the size of the hands, then three
measurements were taken with a one-minute recovery period on the arm opposite the
participants' fistula, at the end the strength record was established in kilograms/strength (kg / f)
and the average of the three measurements was the value of the handgrip strength. The
participants should remain in the sitting position and with the arm evaluated with 90 degree
elbow flexion, in addition, they were encouraged to perform an isometric muscle contraction

for a period of 3 seconds in each assessment (19).

- Lower limb muscle strength: through the sit to stand test (STS) in which the patient remained
seated in a chair, with an erect back and feet shoulder width apart and fully supported on the
ground. One foot should be slightly forward in relation to the other to help maintain balance.
Arms crossed at the level of the wrists and against the chest. At the signal of departure, the
subject should get up until standing up, returning to the sitting position. The individual was
encouraged to perform the maximum number of repetitions in a time interval of 30 seconds
(20).

- Quality of life: through the EuroQol EQ-5D questionnaire (EQ-5D) commonly used as a
measure of quality of life in HD patients (21). The questionnaire score is based on five domains:
mobility, self-care, usual activities, pain/discomfort and anxiety/depression. In addition, the
questionnaire comprises a visual analog scale where the patient must indicate his general health
status, where 0 is the worst state and 100 the best state (22).

- Instrumental activities of daily living: through Lawton's scale of instrumental activities of
daily living (IADL) that measures IADLs with eight activities. Higher scores on the scale

indicate greater independence (23).

- Physical activity level: measured by the international physical activity questionnaire (IPAQ)
in its short version, which has 8 questions in which the individual must answer the total time
and days spent with moderate and vigorous activities, in addition to the time spent sitting one
day of the week and the weekend. The sum of the responses, classify the individual according
to their level of physical activity (24).

Were considered as factors of exposure to muscle weakness, being considered as factors

of control to exposure: the practice of regular physical activity.
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Follow-up

Patients were followed up monthly by the hemodialysis service team and the researchers
who collected data on physical tests and mortality. The performance of kidney transplants, as
well as transfers to other dialysis units, were updated during the follow-up period of the study
and considered as losses. Non-deaths were considered as censored data.

Statistical analysis

Quantitative variables were described as mean and standard deviation or median and
interquartile range [p25 - p75], according to their distribution, according to the Kolmogorov-
Smirnov normality test; qualitative variables through frequency and percentage. Correlations
between quantitative variables were verified by Spearman's Correlation test and between
qualitative variables, the Chi-square test was used. Comparisons between quantitative and
qualitative variables were assessed by Student's t test or ANOVA with Tukey's test for multiple
comparisons. Kaplan-Meier curves were used to obtain the graphs and estimate the overall
survival time during the two years of follow-up. The associations of the variables with the
survival time were assessed through Cox Regression analysis, uni and multivariate with the
respective Hazard Ratios (HR), with a 95% confidence interval. Significant variables in the
univariate analysis were included in the multivariate analysis. The statistical significance
adopted was 5% and the analyzes were performed using SPSS software version 25.0 (SPSS
Inc., IBM Company, Chicago, IL, USA).

Results

Initially, 80 patients were selected, of which, 62 patients met the eligibility criteria.
However, 2 underwent kidney transplantation and another was transferred to another kidney
unit during the follow-up period. 59 patients remained for the final analysis. The sample was
composed mostly of men (55.9%), with a mean age of 58.1 + 14.5 years, a Body Mass Index
(BMI) of 24.9 + 4.8 Kg/m? and a median treatment time of 64.6 [37.9 - 136.3] months.

About the hospitalizations that occurred during the follow-up of the study, 41 patients
(71%) were hospitalized at least once. There were 99 hospitalizations in total, which shows an
average of 2.4 hospitalizations per patient. The most observed reasons for hospitalizations were
for musculoskeletal diseases (27.3%), respiratory diseases (17.2%) and vascular access

(12.1%). The other characteristics of the sample are shown in table 1.
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Biochemical tests showed levels of creatinine (9.52 + 3.83 mg/dL), potassium (5.03 +
0.37 mEg/L) and phosphorus (5.40 £ 1.31 mg/dL) above levels normality and hemoglobin
values below normal values (10.32 + 1.71). The other values are shown in table 1.

In assessing the level of functional independence, most patients were classified as
independent (n= 45; 76.3%) and 14 patients (23.7%) were classified with some degree of
dependence. As for the level of physical activity, 36 patients (61%) were considered sedentary.
Regarding the analysis of quality of life, the average score obtained in the EQ-5D was 0.798 £
0.185 and the average of the general perception of health of patients was 80.6 + 10.4 in the
VAS.

Regarding the behavior in the physical tests, it is observed that the tests performed, the
worst performance was in the 6MWT (345.9 + 123.7 meters), followed by dynamometry (28 +
8.7 Kg/f) and MEP (84.6 + 45.2 cmH20). The other results regarding the values obtained in
the tests are shown in table 2.

When verifying the correlation between the tests, we found moderate associations
between the following evaluations: EQ-5D x Dynamometry (r=0.432; p=0.002), STS X 6MWT
(r=0.611; p<0.001), STS x Dynamometry (r= 0.408; p= 0.001), 6MWT x Dynamometry (r=
0.479; p<0.001), MIP x Dynamometry (r= 0.470; p<0.001), MEP x Dynamometry (r = 0.605;
p<0.001). The other associations are shown in table 3.

In the analysis of variance (ANOVA), the performance in the 6MWT showed a
significant difference between the level of functional independence, that is, functionally
independent patients have a better performance in the 6MWT compared with the severe and
moderate dependents (p= 0.004).

When analyzing the group classified as active, we observed that they reached
significantly higher values in the repetitions of the STS when compared to the sedentary ones
(13.5vs 11.2; p= 0.048), better performance in the distance covered by the 6MWT (417, 3 vs
322.5 p=0.004), greater inspiratory and expiratory strength (116.3 vs 81.6; p= 0.003 and 109.7
vs 67.1; p<0.001) respectively, in addition to greater strength in dynamometry (32,4 vs 25.5;
p=0.005).

The present study also found a significant linear association between functionality and
level of physical activity (p= 0.036).

In the survival analysis, it was observed that for the 6MWT, death occurred
approximately 10 times faster in those who walked less than 388.5 meters on the 6MWT (HR:
9.92 95% CI: 1.31-74.89; p= 0.026).The average survival time for patients with distance

covered on the 6MWT > 388.5 meters was 23.6 months vs 20.5 months for those who walked
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a distance below (Figure 1). Regarding the performance obtained in the dynamometry test, in
the studied patients, death occurred 3.03 times faster in those who reached values below the
values and reference (HR: 3.03 95% CI: 1.17-7.88; p= 0.023). The average survival time of
patients with handgrip strength> of reference values was 22.3 months vs 19.8 for those with
values below (Figure 2). The analysis of survival and respiratory muscle strength showed that
patients with decreased MEP have a survival time 3.8 times shorter (HR: 3.8 95% CI: 1.33-
10.80; p = 0.012). The mean survival time of patients with MEP> 70% predicted was 22.6
months vs 20.2 months for those with values below the predicted (figure 3).

The other results of the survival analysis showed no significant difference for Sex (HR:
0.8 95% CI: 0.32 - 2.15; p = 0.703), MIP (HR: 0.9 95% CI: 0.34-2 , 80 p = 0.983), and STS
(HR: 0.95 95% CI: 0.85-1.08; p = 0.492).

In the multivariate analysis, it showed a significant difference for MEP when adjusted
by Dynamometry and 6MWT (HR: 3.3 Cl 95%: 1.18-9.64; p = 0.023).

Discussion

The main result of this study was the demonstration that functional capacity, handgrip
muscle strength and expiratory muscle strength are related to the survival of patients with HD-
CKD.

During the follow-up period, there were 17 deaths (28.8%) and the study showed that
patients who obtained performance below 388.5 meters on the 6MWT, have a shorter survival
time than those with superior performance on the test (HR: 9.92 CI 95%: 1.31 - 74.89; p=
0.026). A previous study by our research group has already shown that the distance covered in
the 6MWT is reduced in these patients and interferes with mortality, therefore, the shorter the
distance covered in the test, the greater the probability of death in CKD (13). Also, with regard
to handgrip strength through dynamometry, this study found that patients with values below the
reference values, death occurred 3.03 times faster (HR: 3.0 95% CI: 1.17-7,88; p = 0.023).
Hellberg et al (25), through a retrospective study, evaluated 112 patients and concluded that a
50% reduction in handgrip strength, compared to that predicted by sex and age, is associated
with an almost 3-fold increase in mortality. Similar results can also be observed in patients who
undergo only conservative treatment, demonstrating that the muscular evaluation of upper
limbs through dynamometry can be incorporated into clinical practice as a prognostic factor

also for CKD under conservative treatment (15).
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The analysis of survival and respiratory muscle strength showed that patients with
decreased MEP have a survival time 3.8 times shorter (HR: 3.8 95% ClI: 1.33-10.80; p = 0.012).
Several studies report respiratory muscle weakness in CKD (26-28), however, as far as we
know, this is the first study that describes the relationship between respiratory muscle strength
and survival time in this population.

From the values obtained in the physical tests, it was observed that the 6MWT,
dynamometry and MEP presented values below the predicted, these results corroborate the
results of previous studies that demonstrate a decrease in the strength and functional capacity
of CKD inHD (7, 10, 13, 29). These results can be explained in part by the muscle abnormalities
that these patients have as a result of anemia, malnutrition, low level of physical activity, high
serum calcium levels, presence of metabolic acidosis, uremic myopathy, sarcopenia, uremic
neuropathy and decreased oxidative capacity muscle fibers (30, 31).

Besides the respiratory muscle weakness, complications such as pleural effusion,
pulmonary hypertension, pulmonary parenchyma calcification, respiratory failure may be
present leading to one of the main symptoms of CKD, which is dyspnea and further limiting
exercise tolerance (32, 33).

In this study, biochemical tests also showed altered values for hemoglobin (10.32 + 1.71
g/ dL), potassium (5.03 £ 0.37 mEg/L) and phosphorus (5.40 + 1.31 mg/dL). In another study
published by our research group, we found that serum phosphorus levels may be associated
with low physical-functional performance in this population (26). When assessing the
associations between the values obtained in the physical tests, we found significant values of
positive associations for practically all physical tests with each other and with the quality of
life. These results demonstrate that the worsening of the function of distal skeletal muscles and
those related to balance may be signs of uremic sarcopenia (25) in addition, they may cause
greater functional impairment for patients both in the early stages of the disease and for those
in more advanced stages of the CKD (12, 34).

Muscle weakness and fatigue are frequently reported by patients (35) and, among the
mechanisms that can explain these changes, we can mention hormonal imbalance, malnutrition,
depletion of ATP and glycogen, inadequate oxygen transport due to anemia, acidosis metabolic
and electrolyte disturbance, loss of muscle mass, chronic inflammation and decrease in vitamin
D that is associated with poorer performance in muscle function tests (30, 34, 36, 37).
Therefore, tests to assess functional capacity and muscle strength are easily applicable and have
been shown to be effective for monitoring patients with CKD (38).
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In the life quality analysis, the score obtained in the EQ-5D domains as well as the
EVA score (0.798 = 0.185 and 80.6 = 10.4) showed that patients have a good perception of
health. Similar data were found by Sakthong et al (39) who assessed the quality of life through
the EQ-5D of patients with CKD and found good scores for the domains and scores on the VAS
(0.65 £ 0.23 and 0.65 + 0.26 respectively). However, there are studies that report worsening
quality of life during dialysis treatment (40, 41). It is important to highlight that the way each
patient lives and relates is always unique and personal, depending on several factors, ranging
from environmental and social conditions, family support to the attendance of health services,
and the hemodialysis treatment may have meaning different for each patient (42). In addition,
76.3% of the sample was classified as independente a factor that may have influenced the
questionnaire's good score.

The sample consisted of 59 patients, 55.9% men, with a mean age of 58.1 + 14.5
years. These results are in line with the results demonstrated by the Brazilian Dialysis Survey
(6) where of the number of patients in the 309 units of Renal Therapy evaluated, about 57% of
the patients were men with a predominant average age of 65% of the sample from 20 to 64
years.

When hospitalizations were analyzed, we observed that 71% of the sample
hospitalized at least once in two years, the main cause of hospitalization being musculoskeletal
diseases (27.3%), followed by respiratory diseases (17.2%) and vascular access (12.1%). A
finding similar to ours was presented by Iwagami et al (43) through a cohort of patients with
CKD between stages 3 and 5 who showed that in addition to cardiovascular diseases, hip
fracture and pneumonia were among the main causes of hospitalization. In addition, it is
important to give due attention to the reasons that lead to the hospitalization of these patients,
because in addition to having a higher number of hospitalizations compared to those without
CKD, they also have a higher risk of treatment-related complications (44).

However, this study had some limitations, such as the small sample size, the lack of data
records in the analyzed files and the short follow-up period for patients.

We concluded, therefore, in this study that functional capacity, handgrip strength and
expiratory muscle strength influenced the survival time of patients with CKD on HD. Tests for
assessing functional capacity and muscle strength, in addition to being easy to apply and low
cost, have a good correlation with each other, which shows the importance of their use in
rehabilitation and follow-up protocols for these patients and thus demonstrates their external

validity.
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Clinical Message

e Functional capacity assessed by the 6MWT, handgrip strength measured through
dynamometry and maximum expiratory pressure analyzed by manovacuometira

influence the survival time of CKD in HD.
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Table 1. Characteristics of the 59 patients included in the study

Variables Mean + DP N (%)
Gender

Female 26 (44.1)

Male 33 (55.9)
Deaths 17 (28.8)
City

Cruz Alta 37 (62.7)
Nearby city 22 (37.3)
Schooling
Elementary School 28 (47.5)
High school 10 (16.9)
University education 10 (16.9)

Not informed 11 (18.6)
marital status

Married 33 (55.9)

Single 15 (25.4)

Divorced 4 (6.8)

Others 7 (11.8)
Income

1 salary 23 (39)

2- 3 salaries 17 (28.8)

Not informed 19 (32.2)
Hospitalized patients 41 (71)
Causes of hospitalization

Osteomioarticular Diseases 27 (27.3)

Respiratory diseases 17 (17.2)

Vascular Access 12 (12.1)

Cardiovascular diseases 9(9.1)

Clinical treatment 9(9.1)

Gastrointestinal diseases 8(8.1)

Infectious diseases 8(8.1)

HD complications 8(8.1)

Not informed 4 (4.0)
Biochemical Tests

Creatinine (mg/dL) 9.52 +3.83

Albumin (g/dL) 3.71+£0.29

Hemoglobin (g/dL) 10.32+1.71

Potassium (mEg/L) 5.03+0.37

Calcium (mg/dL) 9.72+1.29

Phosphor (mg/dL) 540+1.31

Glucose (mg/dL) 106.68 + 48.09

Data as mean = SD and frequency and percentage (%)



Table 2. Performance of 59 patients on physical tests

Physical Tests Mean + SD
6MWT obtained (meters) 3459 £ 123.7
6MWT predicted (meters) 540.8 + 97.2
6MWT predicted (%) 64.4+21.2
STS obtained (repetition) 1194
STS predicted (repetition) 122+15
STS predicted (%) 97.8+30.5
MIP obtained (cmH-O) 93.2+40.8
MIP predicted (cmH20) 100.2 +£18
MIP predicted (%) 929+ 37.6
MEP obtained (cmH-0) 84.6 +45.2
MEP predicted (cmH:0) 104.9+19.5
MEP predicted (%0) 78.8 £36.9
Dynamometry obtained (Kg/f) 28 +8.7
Dynamometry predicted (Kg/f) 37+5.38
Dynamometry%opredicted (Kg/f) 749+17.6

69

Data in mean + SD, 6MWT: six-minute walk test, STS: sit and stand test, MIP: maximum inspiratory

pressure, MEP: maximum expiratory pressure



Table 3. Associations between physical tests

Variable r p value
EQ-5D x 6MWT 0.395 0.005
EQ-5D x PImax 0.372 0.009
EQ-5D x PEmax 0.338 0.01
EQ-5D x Dynamometry 0.432 0.002
STSXx6MWT 0.611 <0.001
STSx MIP 0.269 0.03
STS x MEP 0.272 0.03
STS x Dynamometry 0.408 0.001
6MWT x MIP 0.349 0.007
6MWT x MEP 0.332 0.01
6MWT x Dynamometry 0.479 <0.001
MIP x MEP 0.403 0.002
MIP x Dynamometry 0.470 <0.001
MEP x Dynamometry 0.605 <0.001

Spearman correlation p<0.05 6MWT: six-minute walk test, STS: sit-and-stand test, MIP:
maximal inspiratory pressure, MEP: maximal expiratory pressure
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Figure 1. Kaplan-Meier survival curve according to the 6SMWT
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Effects of aerobic exercise in patients with pre-dialysis chronic kidney

disease: a systematic review of randomized controlled trials

Abstract

Purpose: reviewing systematically the randomized controlled trials (RCTs) that evaluated
aerobic exercise alone versus usual care in exercise tolerance, functional capacity and quality
of life (QOL) in patients with pre-dialysis CKD. Methods: searches in the MEDLINE,
Cochrane CENTRAL, EMBASE, PEDro and LILACS databases until November 2019.
Included RCTs that evaluated the effects of aerobic exercise on peak VO, functional capacity,
lower limb muscle strength and QoL. The random effect meta-analysis model was used and
reported as mean difference (MD) and 95% confidence interval (Cl), risk of bias through
RoB2.0 and the quality of evidence by GRADE. Results: 11 RCTs, with 365 patients. Aerobic
exercise increased 2.07 ml/kg/min (95% CI = 1.16 to 2.98; 1°= 24%, QoE moderate) at peak
VOg; 77.78m (95% Cl= 33.27 to 122.30; 1= 44.5%, QoE moderate) in the 6MWT and 7.65
repetitions (95% Cl=5.73 t0 9.58; 1>=0 %; QOoE moderate) in STS-30 "versus usual care. In
QOL, studies reported improvements in the questionnaire scores. Conclusion: aerobic exercise
increases VO2 peak, functional capacity and lower limb muscle strength in patients with pre-

dialysis CKD. Effects on QOL appear to be beneficial.

Keywords: kidney disease, exercise, sarcopenia, quality of life.

Implications for rehabilitation:

e Aerobic exercise should be encouraged in the rehabilitation of patients at any stage of

CKD.

e Isolated and chronically, aerobic exercise promotes improved exercise tolerance,
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functional capacity and muscle strength of lower limbs.
e It seems to be beneficial for quality of life, but studies with more homogeneous

methodologies should be carried out.

Introduction

Chronic Kidney Disease (CKD) is defined as an abnormality of the structure or function
of the kidneys, present for a period longer than three months [1]. The disease is classified into
five stages according to the Glomerular Filtration Rate (GFR), and stage five is called the end
stage of renal disease where a form of renal replacement therapy is needed [2]. It is estimated
that there are more than 850 million people with CKD worldwide, exceeding the number of
people with Diabetes, Cancer or HIV, and this shows its seriousness as a public health problem
[3].

Even in the early stages of the disease, in which renal replacement therapy is not yet
necessary, physical inactivity is a common condition observed in patients, which is associated
with low functional and cardiopulmonary capacity [4] and a worse prognosis and independent
factor of morbidity and mortality in this population [5]. The loss of muscle mass in patients
who have not yet started dialysis is already present and varies between 5 and 9% [6] and is
associated with the presence of some inflammatory markers such as interleukin-6 (IL-6),
protein C- reactive (CRP) and tumor necrosis factor (TNF), which highlights the importance
of early identification of sarcopenia and assessment of modifiable risk factors [7]. For this
reason, physical exercise is encouraged by current guidelines at all stages of the disease [8, 9].

One of the exercise modalities used is aerobic exercise, which generally covers exercise
durations ranging from a few minutes to several hours at varying intensities, using large muscle
groups and repetitive exercises such as running, cycling, swimming and walking [10]. Positive

effects of aerobic exercise on estimated GFR, exercise tolerance, cardiorespiratory function and
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quality of life have been shown by two recent systematic reviews [11, 12]. Vanden et al. [12].,
Observed a small beneficial effect of aerobic training on the estimated GFR and exercise
tolerance. However, when assessing the effect on exercise tolerance, the authors involved
modalities of resistance exercise associated with aerobic training. Still, Pei et al. [11] observed
an increase in cardiorespiratory function and an improvement in the quality of life of patients
with pre-dialysis and dialysis CKD.

In summary, none of the studies evaluated the isolated effect of aerobic exercise in pre-
dialysis patients (phase 2-4). Thus, this study aims to systematically review randomized clinical
trials (RCT) that evaluated aerobic physical exercise alone, in comparison with usual care in
exercise tolerance, functional capacity and quality of life of patients with CKD in the pre-
dialysis stages (phase 2-4), to verify its effectiveness and differences according to the

characteristics of the protocols through meta-analysis.

Methods

Guidelines and protocol registration

The present systematic review and meta-analysis was conducted following the
recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines [13]. The systematic review protocol was prospectively registered with
the International Prospective Register of Systematic Reviews (PROSPERO; identification

number, XXXXXX).

Eligibility criteria

Randomized clinical trials (RCTs) that assessed the effects of aerobic exercise alone of
CKEF patients (stages 2 to 4). We excluded studies performed with children or animals, trials in

which the treatment time was less than one month, study protocols, and studies not published
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in peer-reviewed journals (i.e., conference abstracts, commentaries, and reviews). We did not
apply any language restrictions.

The following primary outcomes were considered in the evaluation of the studies: VO
peak. The secondary endpoints were functional capacity, lower limb muscle strength and
quality of life (QoL).

Search strategy

We searched MEDLINE, Cochrane CENTRAL, EMBASE, PEDro, and LILACS
databases from inception to November 2019 using a preplanned, systematic, comprehensive,
reproducible search strategy (Supplementary table 1). Additionally, the reference lists of the

retrieved articles were hand searched to detect other potentially eligible studies.

Study selection

Eligibility assessment was performed in a standardized manner. Two independent
reviewers (GN and NR) screened titles and abstracts, and full-text articles separately and
independently. Disagreements between the two reviewers were resolved by consensus or by

involving a third reviewer (CS) for arbitration.

Data extraction and Quality Assessment

A specific form was developed for data extraction. The following data were extracted
independently by two reviewers (GN and NR): author details, year of publication, country,
study design, number and characteristics of participants, follow-up, description of the
intervention and control group, results of evaluated outcomes.

Regarding methodological guality, again, two reviewers (GN and NR) independently
assessed the risk of bias of the included studies. The tool of Cochrane Group RoB 2.0 for RCTs
was used [14]. To disagreements a third reviewer (CS) was requested. The overall quality of

evidence was assessed using the GRADE system [15, 16].
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Data synthesis and analysis

The data were combined using the random-efect meta-analysis model, with
DerSimonian-Laird estimator as variance estimator. We estimated the treatment efect using the
mean diference (MD) as summary measure for continuous outcomes. Data were presented with
95% confdence intervals (Cl). All analyzes were performed using software R, version
3.3.2, meta packages version 4.8-4. Statistical heterogeneity was assessed in each meta analysis
using the statistics 12. Heterogeneity was considered substantial if the 12 was greater than
50%. Heterogeneity was explored through subgroup analysis. We assessed publication bias

using funnel plot and the Egger test.
Results
Description of the studies

Initially, 3,267 studies were found, of which 11 were included [17], [18], [19], [20],
[21], [22], [23], [24], [25], [26] (figure 1- flow chart). The sample consisted of 365 adult
individuals with CKD in stages 2 to 4 (66% men), with a mean age of 57.41 + 12.86 years, a
mean BMI of 31.73 + 5.86 kg/m? and a mean GFR 38.89 + 13.7 mL/min. In all studies included,
the AEG consisted of isolated aerobic exercise, table 1 presents in detail the characteristics of
the interventions performed in the studies. VO, peak was assessed in all studies using the
cardiopulmonary test. Functional capacity was measured in three studies [17-19], using the six-
minute walk test (6MWT), as well as the strength of the lower limbs [17-19] by the sit and stand
test in 30 seconds (STS-30 ). Quality of life was assessed in five studies using SF-36 [17, 20,
24], EQ-5D [24], KDQoL-SF [26] and using a numerical value scale between 0 and 10 [25].
The follow-up of interventions ranged from 12 to 52 weeks between studies, with an average

of 8.7% of losses.
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Quantitative synthesis/Meta-analyses
VO:2 peak

The eleven included studies evaluated VO2 peak (n= AEG: 204 / CG: 160). The meta-
analysis showed that aerobic exercise promoted an increase of 2.46 ml/kg /min (95% Cl=1.20
to 3.72; p <0.01; 1>= 65%; moderate quality of evidence) compared to CG (figure 2a). A
sensitivity analysis was performed, removing the study by Van Craenenbroeck [26] because it
is a study performed with high training intensity 90% of the Maximum Heart Rate (HR max).
The result after the sensitivity analysis, showed an increase of 2.07 ml/kg/min (95% Cl=1.16
to 2.98; p <0.0001; 1>= 24%) in the AEG, figure 2b. In the subgroup analysis (> 3 months and
<3 months of training) there was no difference between them (p=0.885), however the subgroup
with time over 3 months showed better effects (DM= 2.38 ml/kg/min; 95% CI =1.23 to 3.52;
12= 34%) compared to the group below 3 months of training (DM= 2.62 ml/kg/min; 95% Cl=
-0.46 to 5,70; 1>= 84%) figure 2c. No publication bias was detected (p= 0.11) (Supplementary
figure 1).

Functional capacity

Functional capacity was assessed in three studies [17-19] (n = AEG: 63/ CG: 40). There
was an increase of 77.78m (95% Cl= 33.27 to 122.30; p<0.01; 1°= 44.5%) in the distance

covered in the 6MWT in the AEG compared to the CG (figure 3a).
Lower limb muscle strength

Three studies [17-19] measured the muscular strength of the lower limbs (n= AEG: 63
/ CG: 40). The AEG obtained an increase of 7.65 repetitions (95% CIl=5.73 to 9.58; p <0.01,;

12 = 0%) compared to the CG (figure 3b).
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Qualitative synthesis

Quality of life

Five studies (n= 180 patients) evaluated the effect of aerobic exercise on the quality of
life of patients with CKD. Aoike et al [17], used the SF-36 questionnaire and found
improvements in quality of life scores after 24 weeks of training for both the home exercise
group and the group that performed exercise at the rehabilitation center 89.62 + 7.2 vs 90.94 +
8.06) respectively, compared to the control group. Headley et al [20], observed improvements
in the intervention group compared to the control group in the physical aspects of the
questionnaire (67.67 £ 25.27 vs 79.67 + 19.50; p = 0.02), vitality (55.33 + 12.60 vs 81.60 *
15.55; p=0.05), body pain (67.33 + 25.55 vs 77.17 £ 20.46; p= 0.02) of the SF-36. Mustata et
al. [24] used two tools, the SF-36 and the EQ-5D. However, there were no differences between
the intervention and control groups. Van Craenenbroeck et al. [26], evaluated the quality of
life through the KDQoL-SF and found a difference between the intervention and control groups
in the sleep domains (71.72 + 19.25 vs 77.97 £ 13.29; p= 0.01), and energy / fatigue aspects
(68.93 £ 15.95vs 77.14 vs 11.04; p=0.03). Pechter et al. [25], measured quality of life through
a scale of numerical values between 0 and 10 categorizing responses from 10-8 as good health,

7-4 medium health and 3-1 poor health. However, the description of the results is inconsistent.

Risk of Bias and Quality of Evidence

Most studies were classified as “some concerns”, however, two studies [17, 18] were
classified as “High”, due to the fact that the allocation is not blinded. Further details of the risk
of bias assessment are shown in table 2. The quality of the evidence for each effect estimate is

shown in table 3.
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Discussion

This meta-analysis demonstrated that aerobic exercise when performed in isolation
promotes an increase in VO peak, in the distance covered by the 6MWT and in the number of
repetitions in the STS-30” compared to the usual care in patients with CKD in the pre-dialysis
phase. Itis known that physical exercise is able to help improve many of the morbidities related
to CKD, such as hypertension, cachexia and low functional capacity [27]. In a patient who is
not yet undergoing renal replacement therapy, aerobic exercise decreases microalbuminuria,
protects from oxidative stress and can increase the estimated GFR [12, 28].

Regarding to VO: peak, its measurement is considered the gold standard in the
assessment of cardiorespiratory capacity, being the most used parameter, and in patients with
CKD, it is considered an independent predictor of mortality [29, 30]. However, in the absence
of a cardiopulmonary test, the 6MWT can be used as an initial tool to assess functional capacity,
as it has a good correlation with peak VO2 [31]. The reduction in functional capacity frequently
found in patients with CKD is a consequence of cardiovascular, respiratory and muscular
problems, among which the ability to extract, transport and use O> may be impaired [32]. It is
known that the mitochondrial metabolism of skeletal muscle characterized by oxidative stress,
insulin resistance and lipid metabolism are compromised [33, 34]. This mitochondrial oxidative
stress mechanism is involved in the process of muscular atrophy in uremic patients and these
factors are associated with a low level of physical activity leading to fatigue and less tolerance
to exercise with a consequent decrease in functional capacity [35, 36]. Aerobic exercise,
however, promotes an increase in mitochondrial number and volume as well as changes in the
composition of organelles, such changes lead to an improvement in the oxidative capacity of
the muscle and in the use of energetic substrates, thus improving the increase in exercise

tolerance [37-39].
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Previous systematic reviews [11, 12] have already demonstrated the benefits of exercise
on peak VO and functional capacity; however, this is the first to evaluate the effects of aerobic
exercise in isolation. Pei et al [11] performed an analysis dividing the total training time
between above and below six months for the 6MWT where they found no difference between
the groups, however for the variable VO> peak they found an increase in both groups. However,
caution is necessary regarding the total exercise time, as the subgroup analysis performed in
our study showed that training for less than three months did not have an effect on VO peak
compared to the control group in pre-dialysis patients.

The increase in the number of repetitions in the STS-30” can be explained by the
improvement in functional capacity through the mechanisms mentioned above. A study
published by our research group found a positive association in performance in the STS-30”
and the 6MWT (r= 0.561; p= 0.001) which demonstrates the probable involvement of the
strength of the proximal muscles of the lower limbs in performance during walking [40]. A
previous review [11] analyzed this variable, however, using the STS in 60 seconds, which had
no effect. It is also important to highlight that, in patients with CKD in the pre-dialysis phase,
one repetition performed in the STS is considered as a Clinically Important Measure (MCI)
[41], and this meta-analysis found an effect measure of seven repetitions in the test after aerobic
training. To the best of our knowledge, this is the first review with an analysis of the STS-30".

The studies that assessed quality of life (QOL), reported improvements in the assessed
domains. It is known that even in the initial stages, patients experience a series of negative
perceptions that can influence their actions to cope with the disease [42]. However, physical
exercise, in addition to producing beneficial effects on the burden of symptoms of kidney
disease, improves patients' mental health [43], the level of motivation, in addition to promoting

greater adherence to treatment, seeking healthier lifestyle habits, decreased fatigue and
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improved sleep quality [44-46]. However, the analysis tools for this variable were different
between studies, and it was impossible to perform the meta-analysis.

Regarding the assessment of the risk of bias in the studies, two were classified as having
a high risk of bias [17, 18], due to the lack of allocation concealment, since the participants
chose right after randomization whether the intervention would be carried out at home or in the
center. The rest of the studies were classified as an uncertain risk, which highlights the need for
greater clarity in the methodological report. The quality of the evidence was moderate for peak
VO,, functional capacity, lower limb muscle strength and quality of life, reinforcing that aerobic
exercise can be recommended for this population.

Strengths of this review should be considered. We conducted a comprehensive search
of the literature with explicit criteria and eligibility and without language or date restrictions.
In addition, we systematically assess the risk of bias in the studies included with RoB 2.0 and
apply GRADE to determine the quality of the evidence. The study has some limitations, among
them the small number of studies included in each outcome assessed, in addition, the absence
of blinding study participants is a point that can influence the results, since they were compared
with a group that did not perform another type of intervention. Despite these limitations, the
effect estimates and small confidence intervals demonstrate a beneficial effect of isolated
aerobic exercise on the variables studied, which reinforces its importance as part of the

rehabilitation of patients with CKD even in its early stages.

Conclusion

Aerobic exercise performed in isolation increases VO2 peak, functional capacity and
muscle strength of lower limbs in patients with pre-dialysis CKD. The effects on QoL seem to
be beneficial, but studies with more homogeneous methodologies are needed so that they can

be included in a meta-analysis.
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Table 1. Characteristics of the studies inclued

90

. Age eGFR AEG Mean
Study, Year Subjects and mean mean CG Follow-up Outcomes
groups (SD)  (SD) Intervention Frequency Time Intensity (weeks)
AE'G home: Walklng at 30 min with VO, peak,
CKD stages 3 -4 locations near the patient’s increments of 10 Functional
Aoike et al. AEG home (n=12); 555 26.8 home, such as a backyard, 3 times per min every 4 40- Usual care 24 capacity, Lower
(2018) AEG center (n=13); (7.9) (11.7) park or street; week . 60% VO, max limb muscle
" . . weeks until week
CG (n=15) AEG center: walking on eight strength and
treadmill Quality of life
30 min with VO, peak,
Aocike et al. CKD stages ?i 4 551 268 Walkipg a’t locations near 3 times per incrgments of 10 40- Func_tional
(2015) AEG home (n=14); 8.1) (12.3) the patient’s home, such as week min every 4 60% VO, max Usual care 12 capacny_and
CG (n=15) a backyard, park or street weeks until week Lower limb
eight muscle strength
AEG home: walking at
CKD stages 3-4 locations near the patient’s 30 min with VO, peak,
Baria et al. AEG home (n=9); 52.1 27.5 home, such as a backyard, 3 times per increments of 10 40- No 12 Functional
(2014) AEG center (n=10); (9.5) (11.6) park or street; week min every 4 60% VO, max exercise capacity and
CG (n=10) AEG center: walking on weeks Quality of life
treadmill
Headley et al. CKD stage_3 576 476 C(_)ntlnqo_u? aeroblc_ 3 times per .15 0 39 min, 50- No VO, peak and
(2014) AEG center (n=25); (8.4) (12.2) exercise utilizing ?Vaﬂety week ncreasing up 60% VO, max exercise 16 Quality of life
CG (n=21) of apparati until 55 min



CKD stages 3 - 4

AL with the use of a treadmill,
IKizler et al. AEG +CR (n_—30)_, 58.2  36.1 anelliptical crosstrainer,a 3 times per .
UA + CR (n=28); . 30 to 45 min
(2018) —.2v (11.7)  (14.4) Nu-Step crosstrainer, and a week
AEG +UD (n=27); recumbent stationar
UA + UD (n=26) \ y
bicycle
. . 30 min with
CKD stages 2 - 4 Walkln_g on treadmill, . increments of 5
Leehey et al. . 66 45.1 outside (weather 3 times per .
(2009) ABG center (=7);  19.3)  (28.4) ermitting) or in the week min every 2
CG (n=6) ' ' P d) . weeks until 40
research building corridors min
15 to 30 min,
CKD stage 3 gradually
Miele et al. AEG center (n=25); ©°7.6 476 . . 3times per  increased to a
(2017) 84) (12.2) Aerobic exercise week total of 55 min
CG (n=21) per session for
most participants
CKD stages 3-4 Centre sessions: treadmill, min iig?eisoe db
Mustata et al. AEG center and 68.2 275 stationary cycle and 3 times per 5_’100/ weekl y
(2011) home (n=10); (15.4) (12.3) elliptical trainer; week o Weekly
CG (n=10) Home training: walkin (to a maximum
- g g of 60 min)
Moderate Aerobic exercise vertically
Pechter etal.  chronic renal failure  50.6 65.3 (9) in the pool with total 2 times per 30 min
(2003) AEG center (n=17); (27) ' immersion to the shoulder week
CG (n=9)

Alternated aerobic exercise

(24°C)

60-80% VO2

Usual
max activity
25-84% VO, No
peak exercise
-609
50-60% V02 g al care
peak
-600,
40-60% V02 - yq jal care

peak

Low NO_

exercise

16

24

16

52

12

91

VO, peak

VO, peak

VO, peak

VO, peak and
Quality of life

VO, peak and
Quality of life
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90% of the HR

Van CKD stages fi 4 532 386 _ 4 daily _ achieved at the VO, peak and
Craenenbroec ~ AEG home (n=25); (129) (12.9) Cycling sessions 10 min anaerobic Usual care 12 Quality of life
k et al. (2015) CG (n=23) ' ' threshold on y

baseline testing

CKD: chronic kidney disease; AEG: aerobic exercise group; CG: control group; CR: caloric restriction; UA: usual activity; UD: usual diet; n: sample size; eGFR: estimated glomerular filtration rate;
SD: standard deviation; min: minutes; VO, max: maximal oxygen uptake; VO, peak: peak oxygen uptake; HR: heart rate.



Table 2. Risk of bias of RCT’s included and evaluated through Rob 2.0

Randomization

Deviations from

Mising

Measurement of

Selection of the

Study and Outcomes process . mtendgd outcome data the outcome reported result Overall
interventions
Aoike et al. (2018)
VO: peak, Functional High Low Low Some concerns Low High
capacity, Lower limb muscle
strength and Quality of life
Aoike et al. (2015)
V0. 'peak, FunCt'On.al High Some concerns Low Some concerns Some concerns High
capacity and Lower limb
muscle strength
Baria et al. (2014)
VO, peak, Functional Some concerns  Some concerns Low Low Some concerns  Some concerns
capacity and Quality of life
Headley et al. (2014)
. . Some concerns  Some concerns Low Some concerns Some concerns  Some concerns
VO, peak and Quality of life
IKizler et al. (2018)
VO, peak Some concerns  Some concerns Low Some concerns Low Some concerns
Leehey et al. (2009
3// o peal(< ) Some concerns  Some concerns Low Some concerns Some concerns  Some concerns
2
Miele et al. (2017)
VO, peak Some concerns  Some concerns Low Some concerns Some concerns  Some concerns
2
Mustata et al. (2011)
Some concerns Low Low Low Some concerns  Some concerns

VO, peak and Quality of life
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Pechter et al. (2003)

. . Some concerns  Some concerns Low Some concerns Some concerns  Some concerns
VO, peak and Quality of life
Van Craenenbroeck et al.
(2015)
Low Some concerns Low Some concerns Some concerns  Some concerns

VO, peak and Quality of life

VO, peak: peak oxygen uptake; Low: low risk of bias; High: high risk of bias; Some concerns: no information or uncertainty over the potential for bias.
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Table 3. Quality of evidence (GRADE)

Certainty assessment Ne of patients “
Absolute

Ne of . . .
studies Study design Risk of bias

Inconsistency

Indirectness

Imprecision

Other considerations

Exercicio aerébico

Relative
(95% CI)

(95% CI)

Certainty

95

Importance

VO2 peak
10 randomised serious @ not serious not serious not serious none 179 137 - MD 2.07 CRITICAL
e more (1.16 @@@O
more to 2.89 MODERATE
more)
TC6'
3 randomised serious @ not serious not serious not serious none 63 40 - MD 77.78 IMPORTANT
e more (33.27 @@@O
more to 122.3 MODERATE
more)
STS 30"
3 randomised serious @ not serious not serious not serious none 63 40 - MD 7.65 IMPORTANT
e more (5.73 @@@O
more to 9.58 MODERATE
more)

Quality of life




Certainty assessme

Inconsistency

Other considerations

e “

Relative Absolute

Exercicio aerébico (95% CI) (95% CI)

96

Ne of ; n 0
studies Study design Risk of bias

5 randomised
trials

serious @

not serious

Indirectness Imprecision

not serious

not serious

none

Five studies (n = 180 patients) evaluated the effect of aerobic exercise on the quality
of life of patients with CKD. Aoike et al., Used the SF-36 scale and found an
improvement in quality of life scores after 24 weeks of training for both the home
exercise group and the center group (89.62 + 7.2 vs 90.94 + 8 , 06) respectively,
compared to the control group. Headley et al., Observed improvements in the
intervention group compared to the control group in physical aspects (67.67 + 25.27
vs 79.67 £ 19.50; p = 0.02), vitality (55.33 + 12, 60 vs 81.60 + 15.55; p = 0.05), body
pain (67.33 + 25.55 vs 77.17 % 20.46; p = 0.02) of the SF-36. Mustata et al. used two
tools, the SF-36 and the EQ-5D. However, there were no differences between the
intervention and control groups. Van Craenenbroeck et al., Assessed quality of life
using the KDQoL-SF and found a difference between the intervention and control
groups in the sleep domains (71.72 + 19.25 vs 77.97 + 13.29; p = 0, 01), and energy
| fatigue aspects (68.93 + 15.95 vs 77.14 vs 11.04; p = 0.03). Petcher et al.,
Measured quality of life through a numerical value scale between 0 and 10,
categorizing responses from 10-8 as good health, 7-4 medium health and 3-1 poor
health. However, the description of the data is inconsistent.
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IMPORTANT

CI: Confidence interval; MD: Mean difference

Explanations

a. In two studies, the randomization process presented a high risk of bias.
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Figure 2. Effects of aerobic exercise on VO peak
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Figure 3. Effects of aerobic exercise in functional capacity and lower limb strength
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Supplementary table 1. Systematic review search strategy

Numbers

Combiners

Terms

PubMed/MEDLINE

#1

#2

#3

#H4

#1

#2
#3

Population

Intervention

Study desing

EMBASE
Population

Intervention

LILACS

PeDro

"Renal Insufficiency, Chronic"[Mesh] OR "Renal Insufficiency, Chronic" OR
“Chronic Renal Insufficiencies” OR “Renal Insufficiencies, Chronic” OR “Chronic
Renal Insufficiency” OR “Kidney Insufficiency, Chronic” OR “Chronic Kidney
Insufficiency” OR “Chronic Kidney Insufficiencies” OR “Kidney Insufficiencies,
Chronic” OR “Chronic Kidney Diseases” OR “Chronic Kidney Disease” OR
“Disease, Chronic Kidney” OR “Diseases, Chronic Kidney” OR “Kidney Disease,
Chronic” OR “Kidney Diseases, Chronic” OR “Chronic Renal Diseases” OR
“Chronic Renal Disease” OR “Disease, Chronic Renal” OR “Diseases, Chronic
Renal” OR “Renal Disease, Chronic” OR “Renal Diseases, Chronic” OR "Kidney
Failure, Chronic"[Mesh] OR "Kidney Failure, Chronic" OR "Proteinuria”"[Mesh] OR
"Proteinuria” OR "Glomerular Filtration Rate"[Mesh] OR "Glomerular Filtration
Rate" OR “CKD”

"Exercise"[Mesh] OR “Exercise” OR “Exercises” OR “Physical Activity” OR
“Activities, Physical” OR “Activity, Physical” OR “Physical Activities” OR
“Exercise, Physical” OR “Exercises, Physical” OR “Physical Exercise” OR “Physical
Exercises” OR “Exercise, Aerobic” OR “Aerobic Exercise” OR “Aerobic Exercises”
OR “Exercises, Aerobic” OR “Exercise Training” OR “Exercise Trainings” OR
“Training, Exercise” OR “Trainings, Exercise” OR “intermittent training”

(randomized controlled trial [pt] OR controlled clinical trial [pt] OR randomized
controlled trials [mh] OR random allocation [mh] OR double-blind method [mh] OR
single-blind method [mh] OR clinical trial [pt] OR clinical trials [mh] OR (“clinical
trial [tw]) OR ((singl*[tw] OR doubl* [tw] OR trebl*[tw] OR tripl*[tw] AND (mask*
[tw] OR blind*[tw])) OR (“latin square” [tw]) OR placebos [mh] OR placebo* [tw]
OR random*[tw] OR research desing [mh:noexp] OR comparative study [mh]
evaluation studies [mh] OR follow-up studies [mh] OR prospective studies [mh] OR
cross-over studies [mh] Or control* [tw] OR prospectiv* [tw] Or volunteer [tw]) NOT
(animal [mh] NOT human [mh])

#1 AND #2 AND #3

Renal Insufficiency, Chronic OR Kidney Failure, Chronic OR Proteinuria OR
Glomerular Filtration Rate

Exercise
#1 AND #2

tw:((tw:(kidney disease)) AND (tw:(exercise)) AND (tw:(randomized clinical trial)))

Kidney disease AND Exercise




Supplementary table 2. Baseline values of outcomes
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Lower limb muscle strength

VO, peak Functional capacity —
Study, Year (ml/kg/min) 6MWT (meters) STS 30" (r_epetitions)
AEG CG AEG CG AEG CG

Aoike et al. (2018) 23.1+54 23.6+82 527.7+889 5465+749 17.1+3.8 18+4.3
Aoike et al. (2015) 241+71 23.6%+82 5296+839 5465+749 17.2+53 18+4.3
Baria et al. (2014) 256+48 264+72 5564+817 577+65.4 176+4 18.3+3.1
Headley et al. (2014) 19.6 £6.7 18+6 _ _ _ _
IKizler et al. (2018) 19.8+4.1 193+46 _ _ _ _
Ikizler et al. (2018)* 19.4+6.1 19.7+5 _ _ _ _
Leehey et al. (2009) 149+1.1 109+1 _ _ _ _
Miele et al. (2017) 19.6 +6.7 18+6 _ _ _ _
Mustata et al. (2011) 158+52 15+5.08 _ _ _ _
Pechter et al. (2003) 18.8+0.9 21+29 _ _ _ _
Van Craenenbroeck et al. (2015) 26.5+54 248%6.5

Values are mean = standard deviation; *Groups with caloric restriction; AEG: aerobic exercise group; CG: control group; VO p_eak:
peak oxygen uptake; 6MWT: 6-min walk test; STS 30": Sit-to-stand test
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Supplementary figure 1. Funnel plot (VO2 peak)
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4. CONCLUSAO

A DRC promove alteracfes de diversos sistemas como o respiratorio, o enddcrino e
cardiovascular. Por isso, os pacientes tendem a adotar um estilo de vida mais sedentério o que
leva a diminuicdo da capacidade funcional, forca muscular periférica e respiratdria. Portanto,
programas de exercicios fisicos como o exercicio aerobico devem ser incentivados até mesmo
para pacientes que estdo nos estagios iniciais da doenca (fase pré-dialitica).

Ferramentas de avaliacdo da qualidade de vida, capacidade funcional e forga muscular séo
de facil aplicabilidade e baixo custo. Os resultados deste estudo demonstram a associacdo entre
0 questionario de qualidade de vida (EQ-5D), o TC6’, a manovacuometria, o TSL e a
dinamometria. Além disso, a diminuicdo na distancia percorrida no TC6’, na forg¢a de preensdo
manual e na forga muscular expiratéria estdo relacionadas com menor tempo de sobrevida em

pacientes com DRC em HD.
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Summary of manuscript structure:

A title page with names and contact details for all authors;

A structured abstract of no more than 250 words (the website checks this);

The text (usually Introduction, Methods, Results, Discussion);

Clinical Messages (2-4 bullet points, 50 words or less);

Acknowledgements, author contributions, competing interests and funding support;
References (Vancouver style);

Tables, each starting on a new page;

Figures, each starting on a new page;

Appendix (if any0
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Please note that short reports follow a different format:

The main text of a short report will usually be between 1000 and 1500 words inlength.

A short report should have sufficient key references to cover all important points, but no more and
usually there will be a maximum of 15 references.

Tables and figures can be very efficient and effective ways of presenting data. A short report will
usually have no more than three tables and figures (in total) and most will be restricted to two.

Further information on short reports can be found here.
Writing your paper

The SAGE Author Gateway has some general advice and on how to get published, plus links to further
resources.

Make your article discoverable

When writing up your paper, think about how you can make it discoverable. The title, keywords and
abstract are key to ensuring readers find your article through search engines such as Google. For
information and guidance on how best to title your article, write your abstract and select your
keywords, have a look at this page on the Gateway: How to Help Readers Find Your Article Online.

Back to top
Editorial policies
Peer review policy

The journal's policy is to obtain at least two independent reviews of each article. It operates a single-

blind reviewing policy in which the reviewer’s name is always concealed from the submitting author.
Referees will be encouraged to provide substantive, constructive reviews that provide suggestions for
improving the work and distinguish between mandatory and non-mandatory recommendations.

All manuscripts accepted for publication are subject to editing for presentation, style and grammar.
Any major redrafting is agreed with the author but the Editor's decision on the text is final.

Clinical Rehabilitation is committed to delivering high quality, fast peer-review for your paper, and as
such has partnered with Publons. Publons is a third party service that seeks to track, verify and give
credit for peer review. Reviewers for Clinical Rehabilitation can opt in to Publons in order to claim
their reviews or have them automatically verified and added to their reviewer profile. Reviewers
claiming credit for their review will be associated with the relevant journal, but the article name,
reviewer’s decision and the content of their review is not published on the site. For more information
visit the Publons website.

Authorship

Papers should only be submitted for consideration once consent is given by all contributing authors.
Those submitting papers should carefully check that all those whose work contributed to the paper are
acknowledged as contributing authors.

The list of authors should include all those who can legitimately claim authorship. This is all those
who:

Made a substantial contribution to the concept or design of the work; or acquisition, analysis or
interpretation of data,
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Drafted the article or revised it critically for important intellectual content,
Approved the version to be published,

Each author should have participated sufficiently in the work to take public responsibility for
appropriate portions of the content.

Authors should meet the conditions of all of the points above. When a large, multicentre group has
conducted the work, the group should identify the individuals who accept direct responsibility for the
manuscript. These individuals should fully meet the criteria for authorship.

Acquisition of funding, collection of data, or general supervision of the research group alone does not
constitute authorship, although all contributors who do not meet the criteria for authorship should be
listed in the Acknowledgments section. Please refer to

the International Committee of Medical Journal Editors (ICMJE) authorship quidelines for more
information on authorship.

Acknowledgements

All contributors who do not meet the criteria for authorship should be listed in an Acknowledgements
section. Examples of those who might be acknowledged include a person who provided purely
technical help, or a department chair who provided only general support.

Any acknowledgements should appear first at the end of your article prior to your Declaration of
Conflicting Interests (if applicable), any notes and your References.

Funding

Clinical Rehabilitation requires all authors to acknowledge their funding in a consistent fashion under
a separate heading. Please visit the Funding Acknowledgements page on the SAGE Journal Author
Gateway to confirm the format of the acknowledgment text in the event of funding, or state that: This
research received no specific grant from any funding agency in the public, commercial, or not-for-
profit sectors.

Declaration of conflicting interests

It is the policy of Clinical Rehabilitation to require a declaration of conflicting interests from all
authors enabling a statement to be carried within the paginated pages of all published articles.

Please ensure that a ‘Declaration of Conflicting Interests’ statement is included at the end of your
manuscript, after any acknowledgements and prior to the references, under a heading ‘Conflict of
Interest Statement’. If no conflict exists, please state that ‘The Author(s) declare(s) that there is no
conflict of interest’. For guidance on conflict of interest statements, please see the ICMJE
recommendations here.

When making a declaration, the disclosure information must be specific and include any financial
relationship that all authors of the article have with any sponsoring organization and the for-profit
interests that the organisation represents, and with any for-profit product discussed or implied in the
text of the article.

Any commercial or financial involvements that might represent an appearance of a conflict of interest
need to be additionally disclosed in the covering letter accompanying your article to assist the Editor in
evaluating whether sufficient disclosure has been made within the Conflict of Interest statement
provided in the article.

Research ethics and patient consent
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Medical research involving human subjects must be conducted according to the World Medical
Association Declaration of Helsinki

Submitted manuscripts should conform to the ICMJE Recommendations for the Conduct, Reporting,
Editing, and Publication of Scholarly Work in Medical Journals, and all papers reporting animal and/or
human studies must state in the methods section that the relevant Ethics Committee or Institutional
Review Board provided (or waived) approval. Please ensure that you have provided the full name and
institution of the review committee, in addition to the approval number.

For research articles, authors are also required to state in the methods section whether participants
provided informed consent and whether the consent was written or verbal.

Information on informed consent to report individual cases or case series should be included in the
manuscript text. A statement is required regarding whether written informed consent for patient
information and images to be published was provided by the patient(s) or a legally authorized
representative.

Please also refer to the ICMJE Recommendations for the Protection of Research Participants

Reporting guidelines

The relevant EQUATOR Network reporting guidelines should be followed depending on the type of
study. For example, all randomized controlled trials submitted for publication should include a
completed CONSORT flow chart as a cited figure and the completed CONSORT checklist should be
uploaded with your submission as a supplementary file. Systematic reviews and meta-analyses should
include the completed PRISMA flow chart as a cited figure and the completed PRISMA checklist
should be uploaded with your submission as a supplementary file. The EQUATOR wizard can help
you identify the appropriate guideline. Clinical Rehabilitation expects all clinical trials to be registered
with a recognised registry, and the name of the registry and the registration number to be given in the
paper, usually in the first paragraph in the methods section.

Other resources can be found at NLM’s Research Reporting Guidelines and Initiatives Back to top

Publishing Policies
Publication ethics

SAGE is committed to upholding the integrity of the academic record. We encourage authors to refer
to the Committee on Publication Ethics’ International Standards for Authors and view the Publication
Ethics page on the SAGE Author Gateway.

Plagiarism

Clinical Rehabilitation and SAGE take issues of copyright infringement, plagiarism or other breaches
of best practice in publication very seriously. We seek to protect the rights of our authors and we
always investigate claims of plagiarism or misuse of published articles.

Equally, we seek to protect the reputation of the journal against malpractice. Submitted articles may be
checked with duplication-checking software. Where an article, for example, is found to have
plagiarised other work or included third-party copyright material without permission or with
insufficient acknowledgement, or where the authorship of the article is contested, we reserve the right
to take action including, but not limited to: publishing an erratum or corrigendum (correction);
retracting the article; taking up the matter with the head of department or dean of the author's
institution and/or relevant academic bodies or societies; or taking appropriate legal action.
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Prior publication

If material has been previously published it is not generally acceptable for publication in a SAGE
journal. However, there are certain circumstances where previously published material can be
considered for publication. Please refer to the guidance on the SAGE Author Gateway or if in doubt,
contact the Editor at the address given below.

Contributor's publishing agreement

Before publication, SAGE requires the author as the rights holder to sign a Journal Contributor’s
Publishing Agreement. SAGE’s Journal Contributor’s Publishing Agreement is an exclusive licence
agreement which means that the author retains copyright in the work but grants SAGE the sole and
exclusive right and licence to publish for the full legal term of copyright. Exceptions may exist where
an assignment of copyright is required or preferred by a proprietor other than SAGE. In this case
copyright in the work will be assigned from the author to the society. For more information please visit
the SAGE Author Gateway.

Open access and author archiving

Clinical Rehabilitation offers optional open access publishing via the SAGE Choice programme. For
more information please visit the SAGE Choice website. For information on funding body compliance,
and depositing your article in repositories, please visit SAGE Publishing Policies on our Journal
Author Gateway.

Back to top

Preparing your manuscript for submission

Formatting

The preferred format for your manuscript is Word. LaTeX files are also accepted.
Artwork, figures and other graphics

For guidance on the preparation of illustrations, pictures and graphs in electronic format, please visit
SAGE’s Manuscript Submission Guidelines.

Figures supplied in colour will appear in colour online regardless of whether or not these illustrations
are reproduced in colour in the printed version. For specifically requested colour reproduction in print,
you will receive information regarding the costs from SAGE after receipt of your accepted article.

Supplementary material

This journal is able to host additional materials online (e.g. datasets, podcasts, videos, images etc)
alongside the full-text of the article. For more information please refer to our guidelines on submitting
supplementary files.

Reference style

Clinical Rehabilitation adheres to the SAGE Vancouver reference style. View the SAGE Vancouver
guidelines to ensure your manuscript conforms to this reference style.

If you use EndNote to manage references, you can download the SAGE Vancouver EndNote output
file.

English language editing services

Authors seeking assistance with English language editing, translation, or figure and manuscript
formatting to fit the journal’s specifications should consider using SAGE
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Language Services. Visit SAGE Language Services on our Journal Author Gateway for further
information.

Back to top

Submitting your manuscript

Clinical Rehabilitation is hosted on SAGE Track, a web based online submission and peer review
system powered by ScholarOne™ Manuscripts. Visit Clinical Rehabilitation to login and submit your
article online.

IMPORTANT: Please check whether you already have an account in the system before trying to create
a new one. If you have reviewed or authored for the journal in the past year it is likely that you will
have had an account created. For further guidance on submitting your manuscript online please visit
ScholarOne Online Help.

ORCID

As part of our commitment to ensuring an ethical, transparent and fair peer review process SAGE is a
supporting member of ORCID, the Open Researcher and Contributor ID. ORCID provides a unique
and persistent digital identifier that distinguishes researchers from every other researcher, even those
who share the same name, and, through integration in key research workflows such as manuscript and
grant submission, supports automated linkages between researchers and their professional activities,
ensuring that their work is recognized.

The collection of ORCID iDs from corresponding authors is now part of the submission process of this
journal. If you already have an ORCID iD you will be asked to associate that to your submission
during the online submission process. We also strongly encourage all co-authors to link their ORCID
ID to their accounts in our online peer review platforms. It takes seconds to do: click the link when
prompted, sign into your ORCID account and our systems are automatically updated. Your ORCID iD
will become part of your accepted publication’s metadata, making your work attributable to you and
only you. Your ORCID iD is published with your article so that fellow researchers reading your work
can link to your ORCID profile and from there link to your other publications.

If you do not already have an ORCID iD please follow this link to create one or visit our ORCID
homepage to learn more.

Information required for completing your submission

You will be asked to provide contact details and academic affiliations for all co-authors via the
submission system and identify who is to be the corresponding author. These details must match what
appears on your manuscript. At this stage please ensure you have included all the required statements
and declarations and uploaded any additional supplementary files (including reporting guidelines
where relevant).

Publication of twitter handles:

As a way of encouraging ongoing discussion within the field, Clinical Rehabilitation authors are
offered the option of providing their Twitter handle to be published alongside their name and email
address within their article. This

way, Clinical Rehabilitation readers who have questions or thoughts regarding your paper can tweet
you directly. Providing a Twitter handle for publication is entirely optional, if you are not comfortable
with Clinical Rehabilitation promoting your article along with your personal Twitter handle then
please do not supply it.

By providing your personal twitter handle you agree to let Clinical Rehabilitation and SAGE
Publications use it in any posts related to your journal article. You may also be


http://languageservices.sagepub.com/en/
https://us.sagepub.com/en-us/sam/journal/clinical-rehabilitation#top
http://orcid.org/
http://orcid.org/register
https://us.sagepub.com/en-us/sam/orcid
https://us.sagepub.com/en-us/sam/orcid
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contacted by other Twitter users. Clinical Rehabilitation and SAGE Publications will have no control
over you or your tweets at any time. If you would like guidance on how to promote your article
yourself on Twitter or other Social Media channels please

visit http://www.uk.sagepub.com/journalgateway/files/using social media to promot e.doc.

To include your Twitter handle within your article please provide this within the SAGE Track
Submission form when prompted and within your title page.

Joe Bloggs, Department of Clinical Rehabilitation, Clinical Rehabilitation Hospital, Town, ST1 345,
UK.

Email: JoeBloggs@email.com Twitter: @drjoebloggs

Permissions

Please also ensure that you have obtained any necessary permission from copyright holders for
reproducing any illustrations, tables, figures or lengthy quotations previously published elsewhere. For
further information including guidance on fair dealing for criticism and review, please see the
Copyright and Permissions page on the SAGE Author Gateway.

Back to top

On acceptance and publication
SAGE Production

Your SAGE Production Editor will keep you informed as to your article’s progress throughout the
production process. Proofs will be sent by PDF to the corresponding author and should be returned
promptly. Authors are reminded to check their proofs carefully to confirm that all author information,
including names, affiliations, sequence and contact details are correct, and that Funding and Conflict
of Interest statements, if any, are accurate. Please note that if there are any changes to the author list at
this stage all authors will be required to complete and sign a form authorising the change.

Online First publication

Online First allows final articles (completed and approved articles awaiting assignment to a future
issue) to be published online prior to their inclusion in a journal issue, which significantly reduces the
lead time between submission and publication. Visit the SAGE Journals help page for more details,
including how to cite Online First articles.

Access to your published article
SAGE provides authors with online access to their final article.
Promoting your article

Publication is not the end of the process! You can help disseminate your paper and ensure it is as
widely read and cited as possible. The SAGE Author Gateway has humerous resources to help you
promote your work. Visit the Promote Your Article page on the Gateway for tips and advice. In
addition, SAGE is partnered with Kudos, a free service that allows authors to explain, enrich, share,
and measure the impact of their article. Find out how to maximise your article’s impact with Kudos.

Back to top

Further information
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Important ‘Instructions to Authors’ — from the Editor

Further specific advice on editorial aspects of the journal and of writing for the journal are also
available.



http://www.sagepub.co.uk/repository/binaries/pdf/Authorship.pdf
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Anexo Il — Normas da Revista Disabilty and Rehabilitation

Thank you for choosing to submit your paper to us. These instructions will ensure we have
everything required so your paper can move through peer review, production and publication
smoothly. Please take the time to read and follow them as closely as possible, as doing so will
ensure your paper matches the journal’s requirements.

AUTHORSERVICES

Supporting Taylor & Francis authors
For general guidance on every stage of the publication process, please visit our Author
Services website.

EDITINGSERVICES

Supporting Taylor & Francis authors

For editing support, including translation and language polishing, explore our Editing
Services website

This journal uses ScholarOne Manuscripts (previously Manuscript Central) to peer review
manuscript submissions. Please read the guide for ScholarOne authors before making a
submission. Complete guidelines for preparing and submitting your manuscript to this journal
are provided below.

Contents list

About the journal
Peer review
Preparing your paper

Structure
Word count

Style quidelines

Formatting and templates

References
Editing Services

Checklist

Using third-party material in your paper
Declaration of interest statement

Clinical Trials Registry

Complying with ethics of experimentation

Consent
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Atrticle reprints

About the journal

Disability and Rehabilitation is an international, peer reviewed journal, publishing high-
quality, original research. Please see the journal’s Aims & Scope for information about its
focus and peer-review policy.

From 2018, this journal will be online only, and will no longer provide print copies. Please
note that this journal only publishes manuscripts in English. Disability and

Rehabilitation accepts the following types of article: Reviews, Research Papers, Case Studies,
Perspectives on Rehabilitation, Reports on Rehabilitation in Practice, Education and Training,
and Correspondence. Systematic Reviews should be submitted as “Review” and Narrative
Reviews should be submitted as “Perspectives in Rehabilitation”.

Special Issues and specific sections on contemporary themes of interest to the Journal’s
readership are published. Please contact the Editor for more information.

Peer review

Taylor & Francis is committed to peer-review integrity and upholding the highest standards of
review. For submissions to Disability and Rehabilitation authors are given the option to
remain anonymous during the peer-review process. Authors will be able to indicate whether
their paper is ‘Anonymous’ or ‘Not Anonymous’ during submission, and should pay
particular attention to the below:

Authors who wish to remain anonymous should prepare a complete text with information
identifying the author(s) removed. This should be uploaded as the “Main Document™ and will
be sent to the referees. A separate title page should be included providing the full affiliations
of all authors. Any acknowledgements and the Declaration of Interest statement must be
included but should be worded mindful that these sections will be made available to referees.

Authors who wish to be identified should include the name(s) and affiliation(s) of author(s)
on the first page of the manuscript. The complete text should be uploaded as the “Main
Document”.

Once your paper has been assessed for suitability by the editor, it will be peer-reviewed by
independent, anonymous expert referees. Find out more about what to expect during peer
review and read our guidance on publishing ethics.

Preparing your paper
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All authors submitting to medicine, biomedicine, health sciences, allied and public health
journals should conform to the Uniform Requirements for Manuscripts Submitted to
Biomedical Journals, prepared by the International Committee of Medical Journal Editors
(ICMJE).

We also refer authors to the community standards explicit in the American Psychological
Association's (APA) Ethical Principles of Psychologists and Code of Conduct.

We encourage authors to be aware of standardised reporting guidelines below when preparing
their manuscripts:

Case reports - CARE

Diagnostic accuracy - STARD

Observational studies - STROBE
Randomized controlled trial - CONSORT
Systematic reviews, meta-analyses - PRISMA

Whilst the use of such guidelines is supported, due to the multi-disciplinary nature of the
Journal, it is not compulsory.

Structure

Your paper should be compiled in the following order: title page; abstract; keywords; main
text, introduction, materials and methods, results, discussion; acknowledgments; declaration
of interest statement; references; appendices (as appropriate); table(s) with caption(s); figures;
figure captions (as a list).

In the main text, an introductory section should state the purpose of the paper and give a brief
account of previous work. New techniques and modifications should be described concisely
but in sufficient detail to permit their evaluation. Standard methods should simply be
referenced. Experimental results should be presented in the most appropriate form, with
sufficient explanation to assist their interpretation; their discussion should form a distinct
section.

Tables and figures should be referred to in text as follows: figure 1, table 1, i.e. lower case.
The place at which a table or figure is to be inserted in the printed text should be indicated
clearly on a manuscript. Each table and/or figure must have a title that explains its purpose
without reference to the text.

The title page should include the full names and affiliations of all authors involved in the
preparation of the manuscript. The corresponding author should be clearly designated, with
full contact information provided for this person.

Word count

Please include a word count for your paper. There is no word limit for papers submitted to
this journal, but succinct and well-constructed papers are preferred.

Style guidelines
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Please refer to these style guidelines when preparing your paper, rather than any published
articles or a sample copy.

Please use any spelling consistently throughout your manuscript.

Please use double quotation marks, except where "a quotation is 'within' a quotation”. Please
note that long quotations should be indented without quotation marks.

For tables and figures, the usual statistical conventions should be used.

Drugs should be referred to by generic names. Trade names of substances, their sources, and
details of manufacturers of scientific instruments should be given only if the information is
important to the evaluation of the experimental data.

Formatting and templates

Papers may be submitted in any standard format, including Word and LaTeX. Figures should
be saved separately from the text. To assist you in preparing your paper, we provide
formatting template(s).

Word templates are available for this journal. Please save the template to your hard drive,
ready for use.

A LaTeX template is available for this journal. Please save the template to your hard drive,
ready for use.

If you are not able to use the templates via the links (or if you have any other template
queries) please contact us here.

References

Please use this reference guide when preparing your paper. An EndNote output style is also
available to assist you.

Taylor & Francis Editing Services

To help you improve your manuscript and prepare it for submission, Taylor & Francis
provides a range of editing services. Choose from options such as English Language Editing,
which will ensure that your article is free of spelling and grammar errors, Translation, and
Artwork Preparation. For more information, including pricing, visit this website.

Checklist: what to include

Author details. Please ensure everyone meeting the International Committee of Medical
Journal Editors (ICJME) requirements for authorship is included as an author of your paper.
All authors of a manuscript should include their full name and affiliation on the cover page of
the manuscript. Where available, please also include ORCiDs and social media handles
(Facebook, Twitter or LinkedIn). One author will need to be identified as the corresponding
author, with their email address normally displayed in the article PDF (depending on the
journal) and the online article. Authors’ affiliations are the affiliations where the research was
conducted. If any of the named co-authors moves affiliation during the peer-review process,
the new affiliation can be given as a footnote. Please note that no changes to affiliation can be
made after your paper is accepted. Read more on authorship.
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A structured abstract of no more than 200 words. A structured abstract should cover (in the
following order): the purpose of the article, its materials and methods (the design and
methodological procedures used), the results and conclusions (including their relevance to the
study of disability and rehabilitation). Read tips on writing your abstract.

You can opt to include a video abstract with your article. Find out how these can help your
work reach a wider audience, and what to think about when filming.

5-8 keywords. Read making your article more discoverable, including information on
choosing a title and search engine optimization.

A feature of this journal is a boxed insert on Implications for Rehabilitation. This should
include between two to four main bullet points drawing out the implications for rehabilitation
for your paper. This should be uploaded as a separate document. Below are examples:
Example 1: Leprosy

Leprosy is a disabling disease which not only impacts physically but restricts quality of life
often through stigmatisation.

Reconstructive surgery is a technique available to this group.

In a relatively small sample this study shows participation and social functioning improved
after surgery.

Example 2: Multiple Sclerosis

Exercise is an effective means of improving health and well-being experienced by people with
multiple sclerosis (MS).

People with MS have complex reasons for choosing to exercise or not.

Individual structured programmes are most likely to be successful in encouraging exercise in
this cohort.

Acknowledgement. Please supply all details required by your funding and grant-awarding
bodies as follows: For single agency grants: This work was supported by the under Grant

. For multiple agency grants: This work was supported by the under Grant ; under Grant ; and
under Grant .

Declaration of Interest. This is to acknowledge any financial interest or benefit that has
arisen from the direct applications of your research. Further guidance on what is a declaration
of interest and how to disclose it.

Data availability statement. If there is a data set associated with the paper, please provide
information about where the data supporting the results or analyses presented in the paper can
be found. Where applicable, this should include the hyperlink, DOI or other persistent
identifier associated with the data set(s). Templates are also available to support authors.

Data deposition. If you choose to share or make the data underlying the study open, please
deposit your data in a recognized data repository prior to or at the time of submission. You
will be asked to provide the DOI, pre-reserved DOI, or other persistent identifier for the data
set.
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Supplemental online material. Supplemental material can be a video, dataset, fileset, sound
file or anything which supports (and is pertinent to) your paper. We publish supplemental
material online via Figshare. Find out more about supplemental material and how to submit it
with your article.

Figures. Figures should be high quality (1200 dpi for line art, 600 dpi for grayscale and 300
dpi for colour). Figures should be saved as TIFF, PostScript or EPS files.

Tables. Tables should present new information rather than duplicating what is in the text.
Readers should be able to interpret the table without reference to the text. Please supply
editable files.

Equations. If you are submitting your manuscript as a Word document, please ensure that
equations are editable. More information about mathematical symbols and equations.

Units. Please use Sl units (non-italicized).
Using third-party material in your paper

You must obtain the necessary permission to reuse third-party material in your article. The
use of short extracts of text and some other types of material is usually permitted, on a limited
basis, for the purposes of criticism and review without securing formal permission. If you
wish to include any material in your paper for which you do not hold copyright, and which is
not covered by this informal agreement, you will need to obtain written permission from the
copyright owner prior to submission. More information on requesting permission to reproduce
work(s) under copyright.

Declaration of Interest Statement

Please include a declaration of interest statement, using the subheading "Declaration of
interest." If you have no interests to declare, please state this (suggested wording: The authors
report no conflicts of interest). For all NIH/Wellcome-funded papers, the grant number(s)
must be included in the disclosure of interest statement. Read more on declaring conflicts of
interest.

Clinical Trials Registry

In order to be published in a Taylor & Francis journal, all clinical trials must have been
registered in a public repository at the beginning of the research process (prior to patient
enrolment). Trial registration numbers should be included in the abstract, with full details in
the methods section. The registry should be publicly accessible (at no charge), open to all
prospective registrants, and managed by a not-for-profit organization. For a list of registries
that meet these requirements, please visit the WHO International Clinical Trials Reqistry
Platform (ICTRP). The registration of all clinical trials facilitates the sharing of information
among clinicians, researchers, and patients, enhances public confidence in research, and is in
accordance with the ICMJE guidelines.

Complying with ethics of experimentation

Please ensure that all research reported in submitted papers has been conducted in an ethical
and responsible manner, and is in full compliance with all relevant codes of experimentation
and legislation. All papers which report in vivo experiments or clinical trials on humans or
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animals must include a written statement in the Methods section. This should explain that all
work was conducted with the formal approval of the local human subject or animal care
committees (institutional and national), and that clinical trials have been registered as
legislation requires. Authors who do not have formal ethics review committees should include
a statement that their study follows the principles of the Declaration of Helsinki.

Consent

All authors are required to follow the ICMJE requirements on privacy and informed consent
from patients and study participants. Please confirm that any patient, service user, or
participant (or that person’s parent or legal guardian) in any research, experiment, or clinical
trial described in your paper has given written consent to the inclusion of material pertaining
to themselves, that they acknowledge that they cannot be identified via the paper; and that you
have fully anonymized them. Where someone is deceased, please ensure you have written
consent from the family or estate. Authors may use this Patient Consent Form, which should
be completed, saved, and sent to the journal if requested.

Health and safety

Please confirm that all mandatory laboratory health and safety procedures have been complied
with in the course of conducting any experimental work reported in your paper. Please ensure

your paper contains all appropriate warnings on any hazards that may be involved in carrying

out the experiments or procedures you have described, or that may be involved in instructions,
materials, or formulae.

Please include all relevant safety precautions; and cite any accepted standard or code of
practice. Authors working in animal science may find it useful to consult the International
Association of Veterinary Editors’ Consensus Author Guidelines on Animal Ethics and
Welfare and Guidelines for the Treatment of Animals in Behavioural Research and Teaching.
When a product has not yet been approved by an appropriate regulatory body for the use
described in your paper, please specify this, or that the product is still investigational.

Submitting your paper

This journal uses ScholarOne to manage the peer-review process. If you haven't submitted a
paper to this journal before, you will need to create an account in the submission centre.
Please read the guidelines above and then submit your paper in the relevant Author Centre,
where you will find user guides and a helpdesk. By submitting your paper to Disability and
Rehabilitation you are agreeing to originality checks during the peer-review and production
processes.

The Editor of Disability and Rehabilitation will respond to appeals from authors relating to
papers which have been rejected. The author(s) should email the Editor outlining their
concerns and making a case for why their paper should not have been rejected. The Editor
may choose to accept the appeal and secure a further review, or to not uphold the appeal. In
case of the latter, the Editor of Disability and Rehabilitation: Assistive Technology will be
consulted.

On acceptance, we recommend that you keep a copy of your Accepted Manuscript. Find out
more about sharing your work.
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Data Sharing Policy

This journal applies the Taylor & Francis Basic Data Sharing Policy. Authors are encouraged
to share or make open the data supporting the results or analyses presented in their paper
where this does not violate the protection of human subjects or other valid privacy or security
concerns.

Authors are encouraged to deposit the dataset(s) in a recognized data repository that can mint
a persistent digital identifier, preferably a digital object identifier (DOI) and recognizes a
long-term preservation plan. If you are uncertain about where to deposit your data, please
see this information regarding repositories.

Authors are further encouraged to cite any data sets referenced in the article and provide
a Data Availability Statement.

At the point of submission, you will be asked if there is a data set associated with the paper. If
you reply yes, you will be asked to provide the DOI, pre-registered DOI, hyperlink, or other
persistent identifier associated with the data set(s). If you have selected to provide a pre-
registered DOI, please be prepared to share the reviewer URL associated with your data
deposit, upon request by reviewers.

Where one or multiple data sets are associated with a manuscript, these are not formally peer
reviewed as a part of the journal submission process. It is the author’s responsibility to ensure
the soundness of data. Any errors in the data rest solely with the producers of the data set(s).

Publication charges

There are no submission fees, publication fees or page charges for this journal.
Color figures will be reproduced in color in your online article free of charge.
Copyright options

Copyright allows you to protect your original material, and stop others from using your work
without your permission. Taylor & Francis offers a number of different license and reuse
options, including Creative Commons licenses when publishing open access. Read more on
publishing agreements.

Complying with funding agencies

We will deposit all National Institutes of Health or Wellcome Trust-funded papers into
PubMedCentral on behalf of authors, meeting the requirements of their respective open access
(OA) policies. If this applies to you, please tell our production team when you receive your
article proofs, so we can do this for you. Check funders” OA policy mandates here. Find out
more about sharing your work.

Open access

This journal gives authors the option to publish open access via our Open Select publishing
program, making it free to access online immediately on publication. Many funders mandate
publishing your research open access; you can check open access funder policies and
mandates here.
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Taylor & Francis Open Select gives you, your institution or funder the option of paying an
article publishing charge (APC) to make an article open access. Please

contact openaccess@tandf.co.uk if you would like to find out more, or go to our Author
Services website.

For more information on license options, embargo periods and APCs for this journal please
go here.

My Authored Works

On publication, you will be able to view, download and check your article’s metrics
(downloads, citations and Altmetric data) via My Authored Works on Taylor & Francis
Online. This is where you can access every article you have published with us, as well as
your free eprints link, so you can quickly and easily share your work with friends and
colleagues.

We are committed to promoting and increasing the visibility of your article. Here are some
tips and ideas on how you can work with us to promote your research.

Article reprints

For enquiries about reprints, please contact the Taylor & Francis Author Services team
at reprints@tandf.co.uk.
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