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Resumo

ANDRADE, Luana Siqueira. Treinamento aer6bio no meio aquatico: efeitos
crénicos na aptidao fisica e parametros de intensidade utilizados na prescricao
de adultos e idosos. Orientadora: Cristine Lima Alberton. 2023. 204 f. Tese
(Doutorado em Educacgéo Fisica) - Programa de Pés-Graduagdo em Educacgao Fisica,
Escola Superior de Educacgao Fisica, Universidade Federal de Pelotas, Pelotas.

A presente tese de doutorado teve como objetivo revisar a literatura disponivel sobre 1)
os efeitos de programas de treinamento aerdébio no meio aquatico sobre os
componentes da aptidao fisica relacionada a saude (capacidade cardiorrespiratéria,
forca muscular, equilibrio e flexibilidade) de adultos jovens e idosos, €; 2) comparar 0s
parametros de consumo de oxigénio (VOgz), frequéncia cardiaca (FC) e indice de
esforco percebido (IEP) nas intensidades maxima e associada ao limiar anaerdbio
entre 0s ambientes aquatico e terrestre em individuos saudaveis. Em relacdo ao
primeiro estudo, trés bases de dados (PubMed, LILACS e EMBASE) foram
pesquisadas em abril de 2022. Os critérios de elegibilidade incluiram ensaios
randomizados e ndo randomizados com programas de treinamento aerébio realizados
por adultos jovens e idosos analisando componentes de aptiddo fisica (capacidade
cardiorrespiratoria, forca muscular, equilibrio e flexibilidade). Foram realizadas meta-
analises de efeitos aleatérios comparando programas de treinamento aerdbio no meio
aquatico e 1) grupos de controle, 2) programas de treinamento aerébio no meio
terrestre e 3) programas de treinamento combinado no meio aquatico. Foram
apresentadas a diferenca média (DM) e intervalo de confianca (IC) de 95% quando os
estudos incluidos relataram as variaveis utilizando a mesma escala de medida ou a
diferenca média padronizada (DMP) e IC de 95% para variaveis que utilizaram medidas
distintas. A qualidade metodologica dos estudos foi medida pela Tool for the
Assessment of Study Quality and Reporting in Exercise (TESTEX). Vinte e um estudos
foram incluidos na revisédo e 15 na meta-analise. Todos os estudos incluidos na meta-
analise tiveram a amostra composta por idosos. Em compara¢do com o controle, os
resultados mostraram um aumento significativo na capacidade cardiorrespiratoria (DM
= 3,32 ml.kgt.min; IC 95% 2,48 a 4,16) apds programas de treinamento de 8 a 24
semanas. Na forga muscular maxima foram observados incrementos (DM = 3,03 kg; IC
95% 1,62 a 4,44) apos programas de 10 a 12 semanas, enquanto na forca muscular
medida por testes funcionais foram observadas melhorias (DMP = 1,68; IC 95% 0,80 a
2,56) em programas de até 8 meses. Nenhuma diferenca foi observada para
agilidade/equilibrio dinamico (DMP = 0,34; IC 95% -0,04 a 0,72) e flexibilidade (DM =
3,39 cm; 95% IC -1,22 a 8,00). Além disso, ndo foram observadas diferencas nos
ganhos de capacidade cardiorrespiratOria entre os programas de treinamento aerobio
aquatico e terrestre (DM = 3,23 ml.kgt.min?t; IC 95% -2,45 a 8,91). Ainda, o
treinamento aerobio foi superior ao treinamento combinado na melhora das respostas
cardiorrespiratérias (DMP = 0,58; IC 95% 0,15 a 1,01) com incrementos semelhantes
na forca muscular (DMP = -0,04; IC 95% -0,38 a 0,30) e agilidade/equilibrio dinamico
(DMP =0,17; IC 95% -0,18 a 0,51). Em relagéo ao segundo estudo, quatro bancos de
dados (PubMed, LILACS, EMBASE e SPORTDiscus) foram pesquisados em setembro
de 2020. Os critérios de elegibilidade incluiram estudos com design cruzado
comparando testes incrementais aquaticos e terrestres realizados por individuos



saudaveis e parametros cardiorrespiratorios analisados no esforco maximo (ou seja,
VO2max, FCmax, |IEPmax) ou associado ao limiar anaerobio (ou seja, VOazian, FCran,
IEPLAn). A meta-analise de efeitos aleatoérios incluiu a DM e IC de 95% para o VO2 e a
FC ou DMP para o IEP. A qualidade metodoldgica dos estudos foi avaliada por meio de
uma versdo adaptada da Joanna Briggs Institute (JBI) Critical Appraisal tool for
Analytical Cross-Sectional Studies. Vinte e oito estudos foram elegiveis e incluidos na
meta-analise. Os resultados demonstraram que 0s protocolos aquaticos apresentaram
valores inferiores aos terrestres para VOzmax (DM = -7,07 ml.kgt.min; 95% IC -8,43 a -
5,70), VOzLan (DM = -6,19 ml.kgt.min?; 95% IC - 7,66 a -4,73), FCmax (DM = -11,71
bpm; 95% IC -13,84 a -9,58) e FCrLan (DM = -15,29 bpm; 95% IC -19,05 a -11,53). Os
valores de IEPmax (DMP = 0,01; 95% IC -0,16 a 0,18) e IEPLan (DMP = -0,67; 95% IC -
1,35 a 0,02) foram semelhantes entre os protocolos aquatico e terrestre. Em sintese, os
resultados desta tese indicam que, além de melhorias nos parametros
cardiorrespiratorios, o treinamento exclusivamente aerébico no meio aquético também
pode aumentar a forca muscular em idosos. Por sua vez, para que os beneficios dos
programas de treinamento aerdbico sejam alcancados de forma eficaz e segura, a
prescricdo baseada em parametros fisiologicos (VO2 e FC) deve levar em consideracéo
a especificidade do ambiente. Por outro lado, o IEP parece ser uma medida
intercambiavel da intensidade do exercicio entre os ambientes aquatico e terrestre.

Palavras-chave: Consumo de oxigénio. Forca muscular. Equilibrio. Flexibilidade. indice
de esfor¢o percebido.



Abstract

ANDRADE, Luana Sigueira. Aerobic training in the aquatic environment: chronic
effects on physical fitness and intensity parameters used in the prescription of
young and older adults. Advisor: Cristine Lima Alberton. 2023. 204 p. Thesis (PhD in
Physical Education) - Postgraduate Program of Physical Education, Superior School of
Physical Education, Federal University of Pelotas, Pelotas.

This doctoral thesis aimed to review the available literature on 1) the effects of aerobic
training programs in the aquatic environment on components of physical fithess related
to health (cardiorespiratory capacity, muscle strength, balance, and flexibility) of young
and older adults, and; 2) compare the parameters of oxygen consumption (VO2), heart
rate (HR) and rating perceived exertion (RPE) at maximum intensities and the anaerobic
threshold between aquatic and land environments by healthy individuals. Regarding the
first study, three databases (PubMed, LILACS, and EMBASE) were searched in April
2022. Eligibility criteria included randomized and non-randomized trials with aerobic
training programs performed by young and older adults analyzing components of
physical fithess (cardiorespiratory capacity, muscle strength, balance, and flexibility).
Random effects meta-analyses were performed comparing aquatic aerobic training
programs and 1) control groups, 2) land aerobic training programs, and 3) aquatic
combined training programs. The mean difference (MD) and 95% confidence interval
(Cl) were presented when the included studies showed the variables using the same
measurement scale or the standardized mean difference (SMD) and 95% CI for
variables that used different measures. The methodological quality of the studies was
assessed by the Tool for the Assessment of Study Quality and Reporting in Exercise
(TESTEX). Twenty-one studies were included in the review and 15 in the meta-analysis.
All studies included in the meta-analysis had a sample of older adults. Compared with
the control, the results showed a significant increase in cardiorespiratory capacity (MD =
3.32 ml.kgt.min?; 95% CI; 2.48 to 4.16) after training programs of 8 to 24 weeks. In the
maximum muscular strength, increments were observed (MD = 3.03 kg; 95% CI 1.62 to
4.44) in programs of 10 to 12 weeks, while in the muscle strength measured by
functional tests, improvements were observed (SMD = 1.68; 95% CI 0.80 to 2.56) in
programs of up to 8 months. No difference was observed for agility/dynamic balance
(SMD = 0.34; Cl 95% -0.04 to 0.72) and flexibility (MD = 3.39 cm; 95% CI -1.22 to 8.00).
In addition, no differences were observed in gains in cardiorespiratory capacity between
aquatic and land aerobic training programs (MD = 3.23 ml.kg*.min; 95% CI -2.45 to
8.91). Furthermore, aerobic training was superior to combined training in improving
cardiorespiratory responses (SMD = 0.58; 95% CI 0.15 to 1.01) with similar increments
in muscle strength (SMD = -0.04; 95% CI -0.38 to 0.30) and agility/dynamic balance
(SMD = 0.17; CI 95% -0.18 to 0.51). Regarding the second study, four databases
(PubMed, LILACS, EMBASE, and SPORTDiscus) were searched in September 2020.
Eligibility criteria included studies with crossover design comparing aquatic and land
incremental tests performed by healthy individuals and analyzed cardiorespiratory
parameters at maximal effort (i.e., VO2max, HRmax, RPEmax) Or associated at anaerobic
threshold (i.e., VO2ar, HRat, RPEAT). The random-effects meta-analysis included MD
and 95% CI for VO2 and HR or SMD for RPE. The methodological quality of the studies



was assessed using an adapted version of the Joanna Briggs Institute (JBI) Critical
Appraisal tool for Analytical Cross-Sectional Studies. Twenty-eight studies were eligible
and included in the meta-analysis. The results demonstrated that the aquatic protocols
presented lower values than land protocols for VO2max (MD = -7.07 ml.kgt.min't; 95% CI
-8.43 to -5.70), VOz2at (MD = -6.19 ml.kgt.mint; 95% CI -7.66 to -4.73), HRmax (MD = -
11.71 bpm; 95% CI -13.84 to -9.58) and HRat (MD = -15.29 bpm; 95% CI -19.05 to -
11.53). The RPEmax (SMD = 0.01; 95% CI -0.16 to 0.18) and RPEar (SMD = -0.67; 95%
Cl -1.35 to 0.02) values were similar between the aquatic and land protocols. In
summary, the results of this thesis indicate that, in addition to improvements in
cardiorespiratory parameters, exclusively aerobic training in the aquatic environment can
also increase muscle strength in older adults. In turn, for the benefits of aerobic training
programs to be achieved effectively and safely, the prescription based on physiological
parameters (VO2 and HR) must take into account the specificity of the environment. On
the other hand, RPE appears to be an interchangeable measure of exercise intensity
between aquatic and land environments.

Keywords: Oxygen uptake. Muscle strength. Balance. Flexibility. Rating of perceived
exertion.
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A presente tese de doutorado, exigéncia para obtencdo do titulo de Doutora pelo
Curso de Doutorado em Educacdo Fisica do Programa de PO4s-Graduagdo em

Educacao Fisica € composta pelos seguintes itens:

1) Projeto de Pesquisa modificado de acordo com as sugestdes da banca avaliadora,
Prof. Dra. Ana Carolina Kanitz e Prof. Dr. Rodrigo Sudatti Delevatti, defendido em 28 de
marco de 2022.

2) Relatorio de atividades desenvolvidas durante o curso de Doutorado.

3) Artigo 1 intitulado “Effects of aquatic aerobic training on physical fithess in young and

older adults: a systematic review and meta-analysis”.
4) Artigo 2 intitulado “Cardiorespiratory parameters comparison between incremental
protocols performed in aquatic and land environments by healthy individuals: a

systematic review and meta-analysis”.

5) Anexos do trabalho.
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Resumo

ANDRADE, Luana Siqueira. Treinamento aer6bio no meio aquatico: efeitos
crénicos na aptidao fisica e parametros de intensidade utilizados na prescri¢cao
de adultos e idosos. Orientadora: Cristine Lima Alberton. 2022. Projeto de Pesquisa
(doutorado) — Programa de Pds-Graduacdo em Educacéo Fisica, Universidade Federal
de Pelotas, Pelotas/RS.

O presente trabalho tem como objetivo revisar a literatura disponivel sobre efeitos
crbnicos de programas de treinamento aerébio no meio aquético na aptidéo fisica de
adultos e idosos e sobre parametros de prescricdo utilizados na prescricdo. Serdo
apresentados dois estudos que pretendem: 1) investigar os efeitos de programas de
treinamento aerébio no meio aquéatico em componentes da aptidao fisica relacionados
a saude (capacidade cardiorrespiratéria, forca muscular, flexibilidade e equilibrio) de
adultos e idosos e; 2) comparar os parametros de consumo de oxigénio (VO3),
frequéncia cardiaca (FC) e indice de esfor¢co percebido (IEP) nas intensidades maxima
e no limiar anaerébio entre os meios aquatico e terrestre por individuos saudaveis.
Ressalta-se que o estudo 1 ainda ndo foi iniciado e o estudo 2 ja estd em andamento,
em fase de andlise dados. Com relacdo ao primeiro estudo serdo pesquisadas as
seguintes bases de dados: PubMed, LILACS e EMBASE. Os critérios de elegibilidade
incluirdo ensaios randomizados e nao randomizados que investigaram efeitos de
programas de treinamento exclusivamente aerobios em diferentes modalidades
aguaticas realizados na posicéo vertical sobre variaveis relacionadas a aptidao fisica
de adultos e idosos. A qualidade dos estudos foi avaliada pela Tool for the assessment
of study quality and reporting in exercise (TESTEX). Com rela¢do ao segundo estudo,
quatro bases de dados (PubMed, LILACS, EMBASE e SPORTDiscus) foram
pesquisadas. Os critérios de elegibilidade incluiram estudos com desenho cruzado
comparando testes incrementais aquaticos e terrestres realizados por individuos
saudaveis que analisaram parametros cardiorrespiratérios no esforco maximo (VO2max,
FCmax, IEPmax) ou no limiar anaerébio (VOzian, FCiLan, IEPLAR). A qualidade metodoldgica
dos estudos foi avaliada por uma versdo adaptada da Joanna Briggs Institute (JBI)
Critical Appraisal tool for Analytical Cross-Sectional Studies. Serdo apresentadas a
diferenca média e intervalo de confianca (IC) de 95% quando os estudos incluidos
relatarem os resultados das variaveis utilizando a mesma escala de medida ou a
diferengca média padronizada e IC de 95% para varidveis que utilizarem medidas
distintas. Para ambos os trabalhos, seréo realizadas meta-analises de efeitos aleatérios
guando dois ou mais estudos relatarem a mesma variavel.

Palavras-chave: Consumo de oxigénio. Frequéncia cardiaca. Indice de esforco
percebido. Capacidade cardiorrespiratoria. Forca muscular. Flexibilidade. Equilibrio.
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1. Introducéo

Exercicios realizados no meio aquatico na posicdo vertical tém ganhado
popularidade, como alternativa aos exercicios fisicos convencionais realizados no meio
terrestre (por exemplo, caminhada/corrida, ciclismo ou danga), provavelmente por
algumas vantagens proporcionadas pelas propriedades fisicas da agua. Como
consequéncia da forca de empuxo, 0S exercicios aquaticos sao tradicionalmente
recomendados por proporcionarem um baixo impacto nas articulacbes dos membros
inferiores de seus praticantes (ALBERTON et al., 2015, 2019a). Nesse sentido, o0 meio
aquéatico fornece um ambiente com seguranca osteoarticular para seus participantes e
essa caracteristica favorece a aderéncia em programas de exercicios aquaticos de
individuos que apresentam alguma dificuldade para realizar exercicios no meio
terrestre.

Com relagéo aos efeitos crénicos da realizacdo de exercicios no meio aquético,
parece que programas de treinamento aerdbio podem apresentar como vantagem
adicional caracteristicas e adaptacbes de treinamento multicomponente (ou seja,
adaptacdes em trés ou mais componentes da aptidao fisica) (COSTA et al., 2018).
Estudos tém demonstrado que o treinamento aerébio no meio aquatico € capaz de
gerar, além de melhorias nos parametros cardiorrespiratérios, incrementos em outros
componentes da aptiddo fisica como na forca muscular (ANDRADE et al., 2020a;
BOCALINI et al., 2008; COSTA et al., 2018; HAFELE et al., 2022a, 2022c; KANITZ et
al., 2015; RICA et al., 2013; SILVA et al., 2018), na flexibilidade (BOCALINI et al., 2008;
REICHERT et al., 2016) e no equilibrio dindmico (BOCALINI et al., 2008; REICHERT et
al.,, 2016; SILVA et al.,, 2018). Tais adaptacGes adicionais podem ser atribuidas
especialmente a sobrecarga imposta pelo proprio meio, devido a forca de arrasto
gerada pelo movimento na agua, e a0 empuxo que proporciona instabilidade durante os
exercicios (TORRES-RONDA; SCHELLING | DEL ALCAZAR, 2014). Além disso, €é
importante mencionar que o treinamento aerdbio parece ser mais eficiente que o0s
programas de treinamento combinado (KANITZ et al., 2015) e de forca (COSTA et al.,
2018) para melhorar as respostas cardiorrespiratorias, com incrementos semelhantes

nas respostas de forca muscular.
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Nos ultimos anos, revisfes sistematicas com meta-anélises tém apresentado a
comunidade cientifica evidéncias mais consistentes sobre os efeitos de programas de
treinamento realizados no meio aquatico sobre componentes da aptiddo fisica de
adultos e idosos (FAIL et al., 2022; KIM et al., 2020; KWOK et al., 2022; PRADO et al.,
2016; REICHERT et al., 2015; WALLER et al., 2016). Reichert et al. (2015)
demonstraram que programas de hidroginastica proporcionam incrementos na
capacidade funcional de individuos idosos. Da mesma forma, Waller et al. (2016)
demonstraram que programas de treinamento no meio aquatico parecem ser eficazes
na melhora de diversas variaveis da aptidao fisica (forca muscular maxima, resisténcia
muscular, agilidade, flexibilidade, habilidade de caminhar e capacidade aerébia) e no
funcionamento fisico autorreferido. E importante mencionar que as conclusdes desses
estudos foram baseadas no agrupamento de diferentes modelos de treinamento (ou
seja, aerdbios, de forca ou combinados), sem analises de subgrupos por tipo de
exercicio, logo, informacdes sobre adaptacbes especificas de cada modelo ndo foram
apresentadas.

Destaca-se que o0s exercicios aerobios sdo bastante preconizados nas
recomendacdes de exercicios (CHODZKO-ZAJKO et al., 2009; GARBER et al., 2011;
PESCATELLO et al., 2004), principalmente pelos beneficios proporcionados na saude
cardiovascular dos praticantes, uma vez que uma baixa aptiddo cardiorrespiratoria é
preditor de mortalidade por todas as causas e eventos cardiovasculares (KODAMA et
al., 2009). Sendo assim, as pesquisas sobre as adaptacBes cardiorrespiratorias e
neuromusculares do treinamento aquatico exclusivamente aerébio ganharam destaque
principalmente na Gltima década (ANDRADE et al., 2020a, 2020b; COSTA et al., 2018;
HAFELE et al., 2022a, 2022c; KANITZ et al., 2015, PASETTI; GONCALVES;
PADOVANI, 2012; REICHERT et al., 2016; RICA et al., 2013; SILVA et al., 2018) e
provavelmente por ser uma tematica explorada recentemente, ndo foi encontrada
nenhuma revisdo sistematica da literatura atual sobre esse topico. Sintetizar o0s
resultados de programas de treinamento exclusivamente aerébios no meio aquatico
pode fornecer uma melhor resposta acerca da efetividade desse modelo sobre

diferentes parametros da aptidao fisica relacionados a saude de adultos e idosos.
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Em adicdo as vantagens de carater biomecanico proporcionadas pelo meio
aquatico (ou seja, empuxo e forca de arrasto), diversos parametros fisiologicos séo
alterados em decorréncia de algumas caracteristicas da agua, especialmente pela acéo
da pressdo hidrostatica e da termocondutividade diferenciada (PENDERGAST;
LUNDGREN, 2009; PENDERGAST et al., 2015). Essas altera¢cbes tém implicacdes em
parametros cardiorrespiratorios, sendo assim a prescricdo e 0 monitoramento da
intensidade de exercicios no meio aquatico requerem atencdo, visto que estdo
diretamente relacionadas a seguranca e efetividade de programas de treinamento. O
consumo de oxigénio (VO2) e a frequéncia cardiaca (FC) sao indicadores de
intensidade amplamente utilizados no meio aquatico (HAFELE et al., 2022a, 2022b,
2022c; JONES; MEREDITH-JONES; LEGGE, 2009; KANITZ et al., 2015; PINTO et al.,
2015b; SILVA et al., 2018; TSOURLOU et al., 2006) e afetados pela imersao. Portanto,
a prescricAo por esses parametros nao pode levar em consideracdo apenas o
comportamento fisiolégico do corpo humano em meio terrestre. Além disso, o indice de
esforco percebido (IEP) também é amplamente utilizado no controle da intensidade em
programas de exercicios no meio aquatico (ANDRADE et al., 2020a; REICHERT et al.,
2016), mas possiveis diferencas com o meio terrestre ainda precisam ser elucidadas.

Embora estudos comparando o0 comportamento de  parametros
cardiorrespiratérios (VO2, FC e I|IEP) durante testes incrementais entre 0s meios
aguatico e terrestre sejam desenvolvidos desde a década de 1990 (ALBERTON et al.,
2013a, 2014; BROWN et al., 1996a; BUTTS; TUCKER; GREENING, 1991;
FRANGOLIAS; RHODES, 1995; KANITZ et al., 2014; KRUEL et al., 2013; MERCER,
JENSEN, 1998; TIGGEMANN et al., 2007; YAZIGI et al., 2013), ndo foi encontrada
nenhuma revisdo sistematica e sintese da literatura sobre esse tema. Resumir essas
diferencas pode fornecer uma melhor orientacéo sobre as respostas em cada ambiente.
Assim, esses achados ajudardo a entender a necessidade de testes incrementais
especificos no meio aquatico, a fim de auxiliar na prescricdo e monitoramento da
intensidade adequada durante a pratica de exercicio nesse meio.

Portanto, o presente trabalho abordara parametros de intensidade e efeitos
cronicos da realizacdo de exercicios aerébios no meio aquatico. Serdo apresentados

dois estudos que buscam sumarizar (1) os efeitos cronicos de programas de
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treinamento aerébio no meio aquatico em componentes da aptidao fisica relacionados a
saude de adultos e idosos, assim como (2) os achados sobre parametros
cardiorrespiratorios empregados na prescricdo da intensidade de programas de
treinamento aerdbio comparando as respostas maximas e associadas ao limiar

anaerobio entre os meios aquético e terrestre.
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1.1 Objetivo Geral

Revisar a literatura disponivel sobre os efeitos cronicos de programas de
treinamento aerébio no meio aquatico na aptidao fisica, assim como os parametros de

intensidade utilizados na prescrigdo dos programas de treinamento de adultos e idosos.

1.2 Objetivos Especificos

Artigo 1: Investigar os efeitos de programas de treinamento aerébio no meio aquatico
em componentes da aptiddo fisica relacionados a saude (capacidade
cardiorrespiratoria, forca muscular, flexibilidade e equilibrio) de adultos e idosos,

revisando ensaios randomizados e ndo randomizados.

Artigo 2: Comparar os parametros de VO2, FC e IEP nas intensidades maxima e no
limiar anaerdbio entre os meios aquatico e terrestre, revisando estudos transversais
cruzados que compararam protocolos de testes maximos nessas duas condicOes

realizadas por individuos saudaveis.
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2. Revisao de Literatura

2.1 Propriedades fisicas da dgua e seus efeitos no corpo imerso

A imersdo no meio aquético oferece condi¢des distintas comparadas ao meio
terrestre. Sendo assim, os beneficios e vantagens proporcionados pela realizagdo de
exercicios no meio aquatico estdo relacionados as propriedades fisicas da agua.
Coletivamente, as caracteristicas da agua provocam efeitos biolégicos Unicos que
podem favorecer algumas adaptacdes fisiolégicas ao exercicio. Assim, compreender
essas caracteristicas € fundamental para uma prescricao de exercicios segura e eficaz
nesse meio.

Inicialmente é importante considerar que a densidade é a relacdo entre a massa
e 0 volume de uma substancia. No caso de um fluido, quanto maior sua densidade
maior a for¢ca que ele exerce sobre os objetos que flutuam ou estdo imersos nele.
Destaca-se que a densidade da dgua doce a 4°C é 1,0 g/cm?, enquanto a densidade do
ar é 0,001 g/cm3. A partir da densidade especifica poderemos saber se algum corpo
flutuara ou afundard quando imerso em agua (ou seja, densidade especifica =
densidade da substancia/densidade da agua), sendo assim, corpos com densidades
inferiores a da éagua flutuardo e corpos com densidades superiores a da agua
afundar&o. E importante notar que a densidade do corpo humano é ligeiramente menor
que a da agua, apresentando uma densidade média de 0,97 g/cm?3, embora esse valor
varie de acordo com o sexo, 0 somatoétipo e a idade (BECKER, 2009). Nesse sentido, a
massa magra, que inclui ossos, musculos, tecido conjuntivo e 6rgdos, tem uma
densidade proxima de 1,1 g/cm3, enquanto a massa gorda tem uma densidade préxima
de 0,9 g/cm? (BLOOMFIELD; FRICKER; FITCH, 1992).

Com relagédo ao empuxo, deve-se considerar que ele é uma forca, unidirecional
de baixo para cima, que um fluido exerce sobre um corpo submerso. Quando se trata
da forca de empuxo € imprescindivel falar do Principio de Arquimedes, que afirma que
“Todo corpo, parcial ou totalmente, imerso em um fluido sofre uma forca igual ao peso
do volume de liquido deslocado por esse fluido, com sentido contrario a forca

gravitacional da terra”. Sendo assim, um corpo imerso esta submetido a duas for¢cas em
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oposicao, a forca da gravidade e a forca de empuxo, fazendo com que 0s corpos
imersos apresentem um peso hidrostatico, ou peso aparente, inferior ao apresentado
em terra. Nesse contexto, € importante considerar que a profundidade de imersao
exerce influéncia na reducdo do peso hidrostatico, sendo que quanto maior a
profundidade de imersdo, maior a reducdo do peso hidrostatico (FINKELSTEIN et al.,
2004; HARRISON; HILLMAN; BULSTRODE, 1992; KRUEL, 1994).

Com relacdo a reducdo do peso hidrostatico na profundidade do processo
xifoide, estudos demonstraram reducfes de aproximadamente 70% em adultos jovens
eutréficos (ALBERTON et al., 2013b, 2015; HARRISON; HILLMAN; BULSTRODE,
1992). Além disso, foram observadas reducdes de 68% em pacientes com diabetes tipo
2 (DELEVATTI et al., 2015), 72% em criancas com obesidade (GOMES et al., 2021),
75% em mulheres pds-menopausicas (ALBERTON et al., 2021a), 79,5% em idosas
(ALBERTON et al., 2019a), 81% em mulheres com obesidade (ALBERTON et al.,
2021b) e 83% na 322 semana gestacional (ALBERTON et al., 2019b). Tais diferencas
na magnitude da reducdo do peso hidrostatico entre os estudos citados podem ser
explicadas pelas diferencas na composicdo corporal (massa muscular, massa gorda e
densidade 6ssea) dos participantes (TORRES-RONDA; SCHELLING | DEL ALCAZAR,
2014).

Consequentemente, a reducao do peso hidrostético resulta em uma menor forca
de reacao vertical do solo (Fz) conforme evidenciado durante diferentes formas de
exercicio no meio aquatico, como caminhada aquatica (BARELA; DUARTE, 2008;
BARELA; STOLF; DUARTE, 2006; MIYOSHI et al., 2004; NAKAZAWA; YANO;
MIYASHITA, 1994; NUNES et al., 2020), saltos (COLADO et al., 2010; TRIPLETT et al.,
2009) e exercicios de hidroginastica (ALBERTON et al., 2013b, 2015; DE BRITO
FONTANA et al., 2015, 2012; DELEVATTI et al., 2015; HAUPENTHAL et al., 2010), em
comparagcado com 0S mesmos exercicios realizados no meio terrestre. Em virtude dessa
menor sobrecarga mecéanica nas articulacées dos membros inferiores, 0 meio aquatico
apresenta como vantagem uma maior seguranca osteoarticular, na qual favorece a
aderéncia de individuos que apresentam alguma dificuldade para realizar exercicios no

meio terrestre em programas de exercicios aquaticos.
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Outra vantagem para as atividades aquaticas de carater biomecéanico fornecida
pelo ambiente aquatico esta relacionada a resisténcia imposta pela agua em todos os
sentidos de movimento. Conforme observamos anteriormente, a densidade da agua é
muito maior que do ar fazendo com que a resisténcia imposta pela agua durante a
realizacdo de exercicios no meio aquético seja maior (DI PRAMPERO, 1986; DOWZER;
REILLY; CABLE, 1998). Além da densidade (p) outros fatores também influenciam na
forca de arrasto, sendo eles o coeficiente de arrasto (Cd), a area projetada (A) e a
velocidade (V), conforme pode ser observado pela equagao geral dos fluidos Fd = 0,5 «
Cd+p+ A« V2 (ALEXANDER, 1977).

O coeficiente de arrasto é relacionado ao formato do objeto que é deslocado, por
exemplo o coeficiente de arrasto de um de um cubo € maior que o de uma esfera,
sendo que quanto menor o coeficiente, melhor a “hidrodindmica”, ou seja, menor sera a
resisténcia ao movimento. Com relacdo a area projetada, podemos observar que
quanto maior a area de superficie projetada maior é a resisténcia imposta pela agua e,
portanto, a forca necessaria para mover o item através da agua. Essa variavel pode ser
manipulada utilizando diferentes exercicios, com maiores ou menores areas projetadas
ou com a utilizacdo de equipamentos aquaticos. Nesse sentido, estudos observaram
maiores respostas cardiorrespiratérias durante a execucdo de exercicios de
hidroginastica com a utilizacdo de equipamentos resistidos em comparacdo com a
execucao sem equipamento (PINTO et al., 2006, 2008, 2011).

Com base na equacéo, € importante observar que a forca de arrasto fornecida
pela 4gua é fortemente influenciada pela velocidade do movimento, uma vez que €
elevada ao quadrado e diretamente proporcional a ela. Como reflexo disso, alguns
estudos tém sugerido que as associa¢fes entre 0 aumento da intensidade e parametros
cardiorrespiratérios durante testes incrementais nem sempre sao lineares e podem
apresentar relacbes polinomiais (ANDRADE et al., 2020c; BRESSEL et al., 2012;
DAVID et al., 2017). Especificamente, relagdes polinomiais foram observadas entre VO
e carga da esteira aquatica (BRESSEL et al., 2012), assim como entre %VO2pico,
%FCmax € IEP com o aumento da cadéncia (ANDRADE et al., 2020c; DAVID et al.,
2017) em diferentes protocolos aquaticos incrementais até a exaustdo. Portanto, iSso

deve ser levado em consideracdo para a prescricdo da intensidade do exercicio no
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meio aquatico e também para determinar a progressdo da carga de treinamento,
principalmente em intensidades elevadas. Além disso, é importante notar que a
velocidade de execucdo tem grandes implicacbes em programas de treinamento de
forca, na qual se propde a utilizacdo da velocidade maxima para a execucdo dos
movimentos e o0 controle do tempo de execucdo da série para enfatizar as vias
metabolicas desejadas como uma forma de controlar a intensidade dos exercicios
(SOUZA et al., 2010).

Além disso, a forca de arrasto apresenta consequéncias no tipo de contracéo
muscular no ambiente aquatico. Durante repeticbes multiplas de flexdo e extensdo de
joelho no meio aquatico, Péyhonen et al. (2001) observaram uma diminui¢cdo precoce
da atividade concéntrica dos musculos agonistas com ativacdo concomitante dos
muasculos antagonistas. Por outro lado, durante a realizacdo do exercicio com
repeticbes simples (apenas em um sentido do movimento), a atividade neuromuscular
antagonista foi baixa com atividade prolongada dos musculos agonistas durante toda a
amplitude de movimento. As velocidades angulares mostraram valores semelhantes
entre os exercicios simples e de mdltiplas repeticbes demonstrando que a alteracdo no
padrdo de atividade neuromuscular € decorrente da continuidade das repeticdes e nao
de possiveis alteragdes na velocidade de execucao.

Adicionalmente, algumas propriedades fisicas da agua apresentam implicacdes
de carater fisiolégico. Quando imerso, um corpo sofre a acdo da pressao hidrostatica
em toda a superficie corporal que esta imersa e consequentemente os efeitos
fisiolégicos comecam imediatamente apds a imersdo. A Lei de Pascal indica que a
pressao do liquido é exercida igualmente sobre todas as areas da superficie de um
corpo imerso e em repouso a uma determinada profundidade e essa pressdo aumenta
proporcionalmente a profundidade e a densidade desse liquido (SKINNER; THOMSON,
1985). Assim, a pressdo hidrostatica facilita o retorno venoso, fazendo com que um
grande volume de sangue seja deslocado das regifes periféricas para as centrais do
corpo, aumentando o volume sanguineo intratoracico (ARBORELIUS et al., 1972).

Além disso, a maior termocondutividade da agua também contribui para o
aumento do volume sanguineo central (PENDERGAST; LUNDGREN, 2009;
PENDERGAST et al., 2015). Os mecanismos de transferéncia de calor na agua e da
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terra s&o distintos, visto que no meio terrestre a transferéncia de calor ocorre por meio
da evaporacédo, enquanto em situacao de imersao a transferéncia de calor acontece por
conducado e conveccdao, fazendo com que a agua seja considerada um condutor mais
eficiente de calor, transferindo calor 25 vezes mais rapido que o ar. Assim, a
necessidade de distribuir sangue da regido central (térax e abdémen) para a periferia €
diminuida. Além disso, em contraste com 0 que ocorre em exercicio no meio terrestre,
cuja a evaporacao e consequente perda hidrica pode levar a uma reducédo do volume
sanguineo, a transferéncia de calor por meio da conducéo e conveccédo faz com que
ocorra uma eficiente troca de calor com o meio externo com minima perda hidrica,
levando a um aumento no volume plasmatico, que conjuntamente com a acdo da
pressdo hidrostatica acaba repercutindo em um aumento de volume sanguineo central
(JOHANSEN et al., 1998).

Assim, a associacdo desses dois mecanismos (isto é, pressao hidrostética e
termocondutividade) é responsavel pela hipervolemia central, tornando necessarios
ajustes fisioldgicos em decorréncia dessa hemodinamica diferenciada. Com o aumento
do volume plasmatico na regido central, o coracao e 0s vasos da circulacdo central sdo
distendidos, gerando estimulacdo nos receptores de volume e pressédo desses tecidos.
Isso conduz a uma readaptacdo no sistema cardiovascular, aumentando a pressao
venosa central, volume sistélico e o débito cardiaco, levando a uma diminuicdo da FC
gue pode ser entendida como compensatdria (ARBORELIUS et al., 1972). Com relacéo
a magnitude da reducdo da FC em imersao cabe destacar que ela é influenciada por
alguns fatores, como a temperatura da dgua (CRAIG; DVORAK, 1966; GRAEF et al.,
2005; SRAMEK et al., 2000), a profundidade de imersdo (FINKELSTEIN et al., 2004
KRUEL, 1994; KRUEL et al., 2014) e a FC inicial (KRUEL, 1994; KRUEL et al., 2014) de
cada individuo.

Consequentemente, o VO2, que € o produto do débito cardiaco e da diferenca
arteriovenosa, também sofre os efeitos da imersdo. Em repouso, como consequéncia
do aumento do débito cardiaco em imersdo, alguns estudos observaram valores
semelhantes de VO:2 entre ambientes aquaticos e terrestres (CHRISTIE et al., 1990;
PARK et al.,, 1999; SCHMID et al., 2007), enquanto outros encontraram um leve
aumento (ALBERTON et al., 2013c; KRUEL et al., 2006; MEKJAVIC; BLIGH, 1989). A
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redistribuicdo sanguinea com aumento da concentragcdo do volume sanguineo na
regido central repercute em um aumento da passagem de sangue pelo coracdo e
pulmbes levando a uma maior captacdo de oxigénio pelo sangue, proporcionando
aumento do VO2 (MEKJAVIC; BLIGH, 1989).

Com relagdo a realizacdo de exercicios, no meio terrestre o débito cardiaco
aumenta devido & maior demanda metabdlica. No entanto, os exercicios realizados em
meio aquatico revelam um débito cardiaco maior do que em terra, para uma carga de
trabalho equivalente (PARK et al., 1999; PENDERGAST; LUNDGREN, 2009). Tal
aumento do débito cardiaco nao implica em VO2 proporcional como em terra, pois a
diferenca arteriovenosa € menor na agua. Portanto, independentemente da ocorréncia
de redistribuicdo sanguinea para os musculos ativos, esse aumento do débito cardiaco
nao seria direcionado de forma expressiva para esses grupos musculares. Nesse
sentido, alguns estudos tém demonstrado que o VO2 maximo e submaximo (ou seja, ha
intensidade associada ao LANn) € significativamente menor no ambiente aquatico em
relacdo ao terrestre (ALBERTON et al., 2013a, 2014; BROWN et al., 1996a; BUTTS;
TUCKER; GREENING, 1991; FRANGOLIAS; RHODES, 1995; KANITZ et al., 2014;
KRUEL et al., 2013; MERCER; JENSEN, 1998; TIGGEMANN et al., 2007).

Tendo em vista as alteragdes proporcionadas pelas propriedades fisicas da
agua, observa-se que a prescricao de exercicios no meio aquatico ndo deve levar em
consideracdo apenas o comportamento do organismo no meio terrestre. No proximo
toépico serdo apresentados parametros utilizados para a prescricdo de exercicios

aquaticos considerando as caracteristicas do meio.
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2.2 Prescricao de exercicios aerébios no meio aquatico

A estruturacdo de um programa de exercicios aerébios envolve a manipulacdo
de diversas variaveis; uma delas é a intensidade, que merece uma consideracdo
fundamental na hora de adequar a prescricdo de exercicios aerobios, visto que o
controle esta diretamente relacionado a eficacia do programa de exercicios (GARBER
et al., 2011). Os exercicios aerébios sdo prescritos de acordo com a intensidade
relativa, projetados para produzir cargas de estresse equivalentes em individuos com
diferentes capacidades fisicas absolutas e permitir respostas adaptativas mais
previsiveis (MANN; LAMBERTS; LAMBERT, 2013).

Dentre varios parametros para monitorar a intensidade, as abordagens
tradicionais tém sido prescrever a intensidade do exercicio como percentual do VO2max
ou da FCmax (MANN; LAMBERTS; LAMBERT, 2013), devido a sua relagéo linear com a
intensidade durante testes incrementais (FRANKLIN; HODGSON; BUSKIRK, 1980;
KATCH et al, 1978; SWAIN et al, 1994). Além disso, 0s parametros
cardiorrespiratérios associados ao limiar anaerébio (LAn) podem ser utilizados como
uma forma mais precisa e individualizada de prescrever a intensidade dos exercicios
aerébios, uma vez que o LAn é o ponto de transi¢cao entre a predominancia do sistema
aerébio para o anaerébio (MANN; LAMBERTS; LAMBERT, 2013; WASSERMAN et al.,
1973). Além disso, o IEP é uma possibilidade pratica para o controle da intensidade,
que esta diretamente relacionada ao %VO2max € %FCmax (ANDRADE et al., 2020c;
CHEN; FAN; MOE, 2002; DUNBAR et al., 1992; ROBERTSON et al., 2000) e ao LAn
em diversas modalidades exercicio (ALBERTON et al., 2016; HETZLER et al., 1991;
SCHERR et al., 2013). No entanto, para esses parametros mencionados, os valores de
referéncia podem ser influenciados por diversos fatores, como o ambiente e o0s
equipamentos utilizados. Assim, para evitar valores percentuais subestimados ou
superestimados, a referéncia deve ser alcancada em um protocolo de teste maximo que
considere a especificidade do exercicio na pratica real.

O ambiente aquatico oferece uma possibilidade alternativa para o treinamento
fisico. Dentre as modalidades de exercicio aquatico, podem ser destacadas aquelas

realizadas em piscina rasa ou funda (por exemplo, exercicios de hidroginastica,
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caminhada/corrida em piscina rasa, corrida em piscina funda) ou em ergbmetros
aquéaticos (por exemplo, esteiras ou cicloergbmetros), ambos em posicao vertical. No
entanto, como visto anteriormente, a imersdo na agua expde o corpo humano a
condicBes distintas comparadas ao meio terrestre, causando alteracdes fisioldgicas
devido a acdo de propriedades fisicas especificas da agua (PENDERGAST,;
LUNDGREN, 2009; PENDERGAST et al., 2015).

Nesse sentido, diferentes parametros podem ser utilizados para a prescricdo de
exercicios aerébios no meio aquatico, todavia, torna-se indispensavel considerar as
caracteristicas do ambiente para que a escolha seja adequada. Por exemplo, embora o
VO: seja considerado o parametro padrdo-ouro para a prescricdo de exercicios
aerobios, sua aplicacdo é restrita a pesquisa, visto que a utilizacdo desse parametro &
inviavel na pratica de clubes e academias. Assim, outros parametros podem ser
utilizados durante a prescri¢éo e controle da intensidade de exercicios aerdébios, como a
FC, o IEP ou a cadéncia de execucdo. Neste topico serdo apresentadas as
caracteristicas, assim como as vantagens e desvantagens dos diferentes parametros

gue podem ser utilizados durante a prescricdo de exercicios no meio aquatico.

Consumo de oxigénio e frequéncia cardiaca

O VO2 e a FC no esforco maximo e na intensidade associada ao LAn séo
indicadores de intensidade amplamente utilizados no meio aquatico (KANITZ et al.,
2015; MEREDITH-JONES; LEGGE; JONES, 2009; PINTO et al., 2015b; SILVA et al.,
2018; TSOURLOU et al., 2006). Todavia, a imersdo no meio aquatico influéncia as
respostas cardiorrespiratorias durante o exercicio. Para demonstrar as diferencas entre
terra e agua, desde a década de 1990, estudos com corrida em piscina funda
compararam o comportamento de parametros cardiorrespiratérios no esforco maximo e
no LAn entre os dois ambientes (BUTTS; TUCKER; GREENING, 1991; FRANGOLIAS;
RHODES, 1995). Mais recentemente, esses parametros também foram investigados em
ergbmetros aquaticos (SCHAAL; COLLINS; ASHLEY, 2012; YAZIGI et al., 2013) e em
exercicios em piscina rasa (ALBERTON et al., 2013a, 2014; NAGLE et al., 2017) para
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entender os efeitos da imerséo durante testes incrementais em diferentes modalidades
de exercicio.

Assim, a literatura relacionada as diferencas entre os meios indica que as
respostas cardiorrespiratorias durante o exercicio, seja em intensidade de esforco
maximo ou submaximo, séo significativamente menores no meio aquéatico comparado
ao terrestre (ALBERTON et al., 2013a, 2014; BROWN et al., 1996a; BUTTS; TUCKER,;
GREENING, 1991; FRANGOLIAS; RHODES, 1995; KANITZ et al., 2014; KRUEL et al.,
2013; MERCER; JENSEN, 1998; TIGGEMANN et al., 2007). E importante notar que a
utilizacdo dos valores de VO2 e FC medidos no meio terrestre na prescricdo de
exercicios aquaticos pode colocar os praticantes em maior risco cardiovascular, uma
vez que superestima a intensidade do treinamento. Assim, é indicado que os valores de
referéncia para a adaptacdo de uma zona alvo de treinamento devem ser alcancados
em um protocolo de teste maximo que considere a especificidade do exercicio na
pratica real para evitar valores percentuais subestimados ou superestimados.

Em uma revisdo sistematica, Ogonowska-Slodownik et al. (2020) descreveram
propriedades especificas de protocolos de testes cardiorrespiratorios empregados no
ambiente aquatico. Os autores observaram que os protocolos revisados foram
altamente diversificados e nao existe um protocolo aquéatico amplamente aceito para
avaliar a aptiddo cardiorrespiratéria. Além disso, com base nos protocolos analisados,
sugeriram trés propriedades-chave de testes para uso clinico: (1) temperatura da agua
de 28 a 30°C com diferenca maxima de 1°C entre os participantes e/ou sessbes de
teste, (2) profundidade da agua adaptada para experiéncias e habilidades aquaticas
dos patrticipantes e (3) incrementos na intensidade de 10 a 15 batidas por minuto. No
entanto, esse estudo ndo buscou comparar as respostas cardiorrespiratorias maximas e
submaximas entre os protocolos de testes maximos aquaticos e protocolos padrdo em
meio terrestre. Dessa forma, reside a lacuna na literatura quanto a magnitude da

diferenca das respostas cardiorrespiratorias entre meios aquatico e terrestre.
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Ponto de deflexdo da frequéncia cardiaca

Considerando a relevancia do LAn na prescricdo de exercicios aerébios como
uma alternativa mais precisa e individualizada, € importante notar que as formas
padrdo-ouro de determinagdo do LAn utilizam os métodos ventilatorios (LV) ou de
lactato (LL). Esses métodos séo considerados métodos inviaveis na pratica de clubes e
academias, pois necessitam de equipamentos sofisticados, além da determinacédo do
lactato ser um procedimento invasivo. Como forma alternativa, o ponto de deflexdo da
FC (PDFC) pode ser considerado como um método de determinacdo de LAn mais
pratico, menos custoso e nao invasivo, visto que se baseia na relacdo curvilinea entre
FC e intensidade de esforco (CONCONI et al., 1982).

O PDFC foi validado utilizando a modalidade de corrida no meio terrestre
(CONCONI et al.,, 1982) e nos ultimos anos a aplicagcdo desse método para a
determinacdo do LAn tem sido investigada em exercicios no meio aquatico
(ALBERTON et al.,, 2013d, 2021c; ANDRADE et al., 2020d; KANITZ et al., 2014;
KRUEL et al., 2013; PINTO et al., 2016). Baseado nesses estudos, a FC
correspondente ao PDFC tém mostrado ser semelhante aquela determinada pelo
segundo limiar ventilatério em exercicios de hidroginastica (ALBERTON et al., 2013d;
KRUEL et al., 2013) e na modalidade de corrida em piscina funda (KANITZ et al., 2014)
em protocolos realizados por mulheres jovens.

De maneira consecutiva, os estudos mais recentes (ALBERTON et al., 2021c;
ANDRADE et al., 2020d; PINTO et al., 2016) tém investigado a concordancia entre os
métodos utilizando a andlise de Bland-Altman, que € o método indicado para determinar
se as duas medidas sdo equivalentes e se uma pode substituir a outra (MARTIN
BLAND; ALTMAN, 1986). Sendo assim, foram observados valores semelhantes e
concordancia dos valores de FC correspondentes ao LAn entre os métodos LV e PDFC
durante testes incrementais maximos em cicloergdmetro aquatico realizado por homens
jovens (PINTO et al., 2016) e com exercicio de corrida estacionaria realizado por
mulheres idosas (ANDRADE et al., 2020d). Adicionalmente, também foram observados

valores semelhantes e concordancia no valor de FC correspondente ao LAn entre os
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métodos LL e PDFC em testes com o exercicio de corrida estacionéria realizado por
homens jovens (ALBERTON et al., 2021c).

O uso da FC associada ao LAn determinada pelo PDFC como parametro de
prescricdo da intensidade de exercicios no meio aquatico € uma estratégia eficaz para
atender o principio da individualidade bioldgica, visto que com base no PDFC € possivel
calcular porcentagens abaixo ou acima do LAn para prescrever a intensidade da zona
de treinamento desejada. Além disso, destaca-se que estudos ja verificaram beneficios
do treinamento aerdbio no meio aquéatico prescrito pelo PDFC em parametros de saude
em idosos e individuos diabéticos (COSTA et al., 2018; DELEVATTI et al., 2016, 2018;
HAFELE et al., 2022a, 2022b, 2022c; KANITZ et al., 2015; SILVA et al., 2018). E
importante destacar que o PDFC pode ser determinado a partir de um teste simples,
barato e ndo invasivo, utilizando apenas um monitor de FC e um metrénomo ao longo

de um teste incremental maximo estruturado para o meio aquéatico.

indice de esforco percebido

O IEP é definido como a intensidade subjetiva de esforco, tenséo, desconforto
e/ou fadiga sentido ou experimentado durante exercicios aerdbicos e resistidos
(ROBERTSON; NOBLE, 1997), e, é uma possibilidade préatica para o controle da
intensidade que estd diretamente relacionada a parametros fisiologicos (VO2 e FC)
conforme demonstrado em diferentes modalidades e exercicios aquaticos (ALBERTON
et al., 2016; ANDRADE et al., 2020c; BROWN et al., 1996b; DAVID et al., 2017;
SHONO et al.,, 2000). Adicionalmente, considerando a relevancia dos limiares na
prescricdo de exercicios, a literatura tem demonstrado valores proximos a 16 como
correspondentes a intensidade associada ao LAn em exercicios de hidroginastica para
mulheres jovens e idosas (ALBERTON et al., 2013a, 2016; ANDRADE et al., 2020d).

Com relacdo a comparagdo entre 0S meios, 0s estudos nado apresentam
diferenca nos valores de IEP entre os meios aquatico e terrestre (ALBERTON et al.,
2013a; BROWN et al., 1996a; FRANGOLIAS; RHODES, 1995; GREENE et al., 2011,
MASUMOTO et al.,, 2018), assim o IEP pode ser considerado um parametro de

prescricao intercambiavel entre os meios. Tal caracteristica pode ser considerada uma
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vantagem do uso do IEP para prescrever intensidade no meio aquatico, justamente
porque com essa ferramenta parece ser possivel evitar a influéncia direta dos efeitos
fisiolégicos da imersdo e garantir uma prescricdo de intensidade adequada, sem a
necessidade de testes especificos.

A utilizacdo do IEP como parametro de prescricdo em programas de exercicio
aquatico apresenta como vantagem a maior validade externa, uma vez que € uma
alternativa para a prescricdo da intensidade de sessdes de treinamento realizadas por
populacdes especiais como idosos, que frequentemente fazem uso de medicamentos
(por exemplo, betabloqueadores) que influenciam nas respostas cardiovasculares
(ESTON; CONNOLLY, 1996). Além disso, sua aplicacdo pode ser facilmente
implementada para prescricdo de exercicios no meio aquatico, por ser uma ferramenta
de baixo custo, simples e de facil aplicabilidade para aulas em grupo.

E importante destacar que estudos comprovam a efetividade da prescricdo de
exercicios pelo IEP, demonstrando incrementos apés programas de exercicios de 12-28
semanas em parametros cardiorrespiratorios, neuromusculares, funcionais, de
qualidade de vida e presséo arterial (ANDRADE et al., 2020a, 2020b; REICHERT et al.,
2016). Por outro lado, para que o método seja valido e adequado para atingir a
intensidade desejada e garantir os beneficios potencias de programas de exercicio no
meio aquatico dois pontos devem ser observados: 1) a escala deve ser posicionada de
maneira visivel para todos os alunos durante todas as aulas; 2) é indispensavel
despender tempo nas primeiras sessdes do programa de treinamento para que sejam
fornecidas informacdes suficientes sobre a aplicacdo desse método, ou seja, 0S
individuos devem ser familiarizados e para isso devem experimentar todas as ancoras

numéricas da escala.

Cadéncia musical

A cadéncia musical é uma das ferramentas empregadas no controle da
intensidade durante sessfes de exercicios aquaticos por alguns treinadores. Essa
forma de prescricao € geralmente escolhida com o objetivo de: 1) motivar os praticantes

durante a sessao; 2) manter a sincronizacdo dos praticantes durante as sessoes e; (3)
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atingir uma determinada intensidade de esforco (BARBOSA et al., 2009). Seguindo
essa forma de prescricdo, musicas que possuem as cadéncias pretendidas sao
escolhidas, a fim de atingir uma intensidade de esfor¢o pré-determinada, e o tempo da
batida musical € sincronizado com a execucdo da acdo segmentar do exercicio
aquético (BARBOSA et al., 2009).

Incrementos na cadéncia da musica provocam aumentos nas respostas
cardiorrespiratorias (ALBERTON et al., 2021a; RAFFAELLI et al., 2010). No entanto,
embora seja possivel modular a carga de exercicio a partir do uso da cadéncia, seu uso
ndo leva em consideracao as diferencas interindividuais nas respostas fisioldgicas ao
exercicio, uma vez que determinada cadéncia musical pode representar diferentes
percentuais de esforco maximo para diferentes individuos (ALBERTON et al., 2016).
Observando os valores encontrados por Alberton et al. (2013b) de média e desvio
padrdo da corrida estacionaria no segundo limiar ventilatério (134,4 + 13,1 bpm), pode-
se observar que algumas participantes da amostra atingiram o segundo limiar em
aproximadamente 121 bpm, enquanto outras em 147 bpm. Assim, ao prescrevermos
um exercicio em uma cadéncia de 130 bpm, provavelmente aquelas que atingiram o
limiar na cadéncia de 121 estdo em uma zona de treinamento anaerdbia, enquanto
aguelas que atingiram o segundo limiar em 147 bpm estardo em uma zona
predominantemente aerébia.

Outra limitacdo desse método para controlar a intensidade do exercicio é que ele
ndo leva em consideracdo as diferencas entre exercicios. Alguns estudos
demonstraram que diferentes exercicios em diferentes cadéncias pré-estabelecidas,
apresentam valores distintos em varidveis cardiorrespiratorias (VO2, FC e IEP) em
mulheres jovens (RAFFAELLI et al., 2010), pés-menopausicas (ALBERTON et al.,
2007) e idosas (NEVES; HAFELE; ALBERTON, 2021). Os resultados desses estudos
indicam que exercicios com maiores areas projetadas, tanto de membros inferiores
guanto de membros superiores, levam a maiores respostas cardiorrespiratorias agudas,
em comparacao aos exercicios com menores areas projetadas quando realizados em
diferentes cadéncias fixas (60 - 140 b.min!) (ALBERTON et al., 2007; NEVES;
HAFELE; ALBERTON, 2021; RAFFAELLI et al., 2010). Assim, observa-se que uma

cadéncia musical especifica pode corresponder a diferentes intensidades quando
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diferentes exercicios envolvendo diferentes amplitudes de movimento e grupos
musculares sao usados ao longo da sessao.

E importante mencionar que dentre os parametros abordados para a prescricio
de exercicios aerébios, a cadéncia € o parametro com menor evidéncias cientificas
sobre o0 seu uso. As evidéncias encontradas foram principalmente associando a
cadéncia a outros parametros de controle da intensidade de exercicios aerébios (ou
seja, VO2, FC e IEP) (ANDRADE et al., 2020c; DAVID et al., 2017; BARBOSA et al.,
2010). Com relacéo aos efeitos de programas de treinamento aerdbio no meio aquatico
prescritos por cadéncia, Raffaelli et al. (2016) observaram melhoras significativas na
aptidao cardiorrespiratéria, forca muscular, bem como no equilibrio e em alguns
aspectos da composicdo corporal de mulheres jovens. Todavia, destaca-se que 0
estudo de Raffaelli et al. (2016) apresenta como limitacdo ter um delineamento pré-
experimental de grupo Unico sem grupo controle e por isso é necessario ter cautela na
interpretacdo e generalizacdo dos resultados, uma vez que trabalhos pré-experimentais
podem ter sua validade interna questionada. Além disso, a cadéncia é um marcador de
carga externa, fazendo com que a escolha por esse parametro suceda em um “chute”
na intensidade, assim, além desse marcador ndo ter precisdo para gerar efeito,
assume-se uma falta de seguranga na prescri¢ao.

A partir do exposto, podemos perceber que a cadéncia é o parametro menos
recomendado quando o objetivo é condicionamento cardiorrespiratério, principalmente
em turmas heterogéneas, por ndo levar em consideracdo o principio da individualidade
biologica. Por outro lado, a utilizacdo de musicas durante as sessdes de exercicio no
meio aquatico pode ser pertinente com o objetivo de coordenacdo ou cognicdo em

aulas coreografadas ou de motivacédo durante as sessoes.

Considerac0es finais sobre os parametros de prescri¢cao de exercicios aerobios

Diferentes parametros podem ser utilizados para a prescricdo de exercicios
aerdébios no meio aquatico, sejam fisiolégicos (VO2 e FC), subjetivos (IEP) ou
mecanicos (cadéncia). Por sua vez, cada método apresenta suas vantagens e

desvantagens, sendo que a escolha deve considerar a populacdo envolvida, assim
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como a preferéncia e disponibilidade de recursos. Além disso, a cadéncia parece nao
ser recomendavel com objetivo de condicionamento cardiorrespiratério pela falta de
individualizac&o de carga.

Observa-se que embora os estudos comparando as respostas de VO3, FC e IEP
durante testes incrementais entre 0os meios aquatico e terrestre sejam desenvolvidos
desde a década de 1990, néo foi encontrada nenhuma reviséo sistematica e sintese da
literatura sobre esse tema. Além disso, destaca-se que 0 objetivo de uma meta-analise
€ compilar os resultados de varios estudos para aumentar o tamanho da amostra e
fortalecer as evidéncias sobre determinado tema. Assim, resumir os resultados da
comparacado de parametros cardiorrespiratérios entre os meios pode fornecer uma
melhor orientacdo sobre as respostas em cada ambiente. A comunidade cientifica que
trabalha com exercicios aquaticos necessita de evidéncias mais consistentes e essa
comparagdo em uma revisdo sistematica com meta-analise pode ajudar muitos
profissionais a prescreverem programas de exercicios aquaticos de forma mais

adequada.
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2.3 Efeitos de programas de exercicio aerébio realizados no meio aquéatico em
componentes da aptidao fisica de adultos e idosos

Os efeitos de programas de treinamento no meio aquatico sdo investigados
desde a década de 90, tendo sido encontrado na literatura como precursor o estudo de
Taunton et al. (1996). Desde enté&o a literatura relacionada aos efeitos de programas de
treinamento no meio aquatico vém sendo expandida. No entanto, a maioria dos estudos
que investigaram os efeitos da realizacdo de exercicios no meio aquatico foram
realizados utilizando programas de treinamento combinado ou multicomponente
(ALVES et al., 2004; BRAVO et al., 1997; BENTO et al., 2012; GRAEF et al., 2010;
KANITZ et al., 2015; KATSURA et al., 2010; MEREDITH-JONES; LEGGE; JONES,
2009; MOREIRA et al., 2013; PINTO et al., 2013, 2015a, 2015b; SANDERS et al., 2013;
TAKESHIMA et al., 2002; TAUNTON et al., 1996; TSOURLOU et al., 2006). Assim, as
adaptacdes proporcionadas por esses modelos de treinamento sdo derivadas nao
apenas dos exercicios aerdbios, como também de outros exercicios aplicados (por
exemplo, exercicios de forc¢a, equilibrio e flexibilidade).

As pesquisas sobre as adapta¢cBes cardiorrespiratérias e neuromusculares do
treinamento aquatico exclusivamente aerobio ganharam destaque principalmente na
ultima década (ANDRADE et al., 2020a, 2020b; COSTA et al., 2018; HAFELE et al.,
2022a, 2022c; KANITZ et al.,, 2015; PASETTI; GONCALVES; PADOVANI, 2012;
REICHERT et al., 2016; RICA et al., 2013; SILVA et al., 2018). O estudo de Rica et al.
(2013) verificou os efeitos de um programa de treinamento aerdbio de 12 semanas
realizado por mulheres idosas obesas, comparado a um grupo controle. O treinamento
era realizado trés vezes na semana com sessfes de 60 min e a parte principal da aula
realizada em uma intensidade correspondente a 70% da FC maxima predita pela idade.
Os resultados demonstraram que apenas 0 grupo experimental apresentou incrementos
no desempenho de testes funcionais (tempo para caminhar 800 m, arm curl e 30-s chair
stand). Em um estudo anterior, Bocalini et al. (2008) ja haviam verificado os efeitos do
mesmo programa de treinamento apresentado por Rica et al. (2013) comparado a um
programa de caminhada no meio terrestre e a um grupo controle. Apés 12 semanas,

ambos o0s grupos de treinamento foram capazes de aumentar 0 VO2max das
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participantes, no entanto, o aumento do grupo que realizou exercicios no meio aquético
foi maior comparado ao grupo que realizou caminhada no meio terrestre, e apenas no
grupo que realizou os exercicios no meio aquatico reduziu os valores de FC de
repouso. Além disso, ap0s o treinamento no meio aquatico foi observada melhora no
desempenho de todos os testes funcionais avaliados (isto €, arm curl, 30-s chair stand,
8-foot up and go, sit and reach, back scratch), enquanto o treinamento no meio terrestre
apresentou incremento nos testes 30-s chair stand, 8-foot up and go e sit and reach.
Cabe destacar os valores poés-treinamento do grupo de treinamento no meio aquatico
foram maiores que do grupo de treinamento no meio terrestre em todos os testes, com
excecdo do teste de levantar ir e voltar que ambos os meios apresentaram valores
semelhantes.

Se tratando de exercicios em alta intensidade, Broman et al. (2006) investigaram
os efeitos de um programa de oito semanas, com duas sessdes semanas de
aproximadamente 45 min, de treinamento em piscina funda de alta intensidade em
idosos. A FC alvo foi de 75-85% da FC méaxima (atingida durante um teste maximo em
cicloergbmetro no meio terrestre) e o treinamento consistiu em varios periodos curtos
de trabalho e intervalos de descanso. Os resultados demonstraram reducéo nos valores
FC de repouso e aumento nos valores de VO2max € de ventilagdo do grupo
experimental, sem alteracdes nas variaveis analisadas no grupo controle.

Martinez et al. (2015) tiveram como objetivo verificar os efeitos do treinamento
aerdbio no meio aquéatico sobre a autonomia funcional de mulheres idosas comparado a
um grupo controle. O treinamento teve duragdo de 12 semanas com cinco sessdes
semanais de 30 minutos. A intensidade dos exercicios foi prescrita por percentuais da
FC de reserva, com incremento de 40-50% da FC de reserva nas primeiras seis
semanas para 50-60% da FC de reserva nas ultimas seis semanas. A FC de reserva foi
estimada com a equacdo FC maxima = 208 - 0,7 x idade. A autonomia funcional foi
determinada pelo protocolo do Grupo de Desenvolvimento Latino-Americano para a
Maturidade que consiste em teste de caminhada de 10 m, levantar-se de uma posi¢ao
sentada, levantar-se da posicdo deitada, levantar-se de uma cadeira e movimentar-se

pela casa e vestir e tirar uma camisa. Os resultados demonstraram incrementos no
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teste de caminhada de 10 m e no indice geral da bateria de teste ap0s a intervencao

apenas para o grupo de exercicio.

Programas de treinamento aerdbio versus outros modelos de treinamento

Alguns estudos compararam os efeitos de programas de treinamento aerdbio
com outros métodos de treinamento, como programas de treinamento de forca (COSTA
et al., 2018) ou combinado (HAFELE et al., 2022a, 2022c; KANITZ et al., 2015; SILVA
et al., 2018) sobre parametros cardiorrespiratorios e neuromusculares de idosos. Os
achados de Kanitz et al. (2015) demonstraram que 12 semanas, com trés sessdes
semanais, na modalidade de corrida em piscina funda promoveram adaptacdes
positivas em parametros cardiorrespiratorios (isto é, FC de repouso, VO2zpico, VO2Lv2) €
de forca muscular (isto €, 1RM de extensores de joelho e resisténcia muscular
localizada de flexores e extensores de joelho) de idosos como resposta aos programas
aerébio e combinado. E importante mencionar que o treinamento aerébio apresentou
incrementos superiores nas respostas cardiorrespiratorias, com similares respostas de
forca, comparado ao treinamento combinado.

Por outro lado, estudos realizados com exercicios em piscina rasa,
demonstraram que 12 semanas de treinamento aerébio e combinado realizados duas
vezes na semana foram igualmente eficazes na melhora da aptidao cardiorrespiratéria
(isto é, VOzpico, VO2Lv1 € VO2Lv2) e da forca de membros inferiores (isto €, 1 RM de
extensores de joelho) (HAFELE et al., 2022a), assim como na melhora da capacidade
funcional (isto é, no desempenho dos testes 30-s chair stand, 6-min walk e 8-foot up
and go) (SILVA et al., 2018). Em um estudo subsequente, Haféle et al. (2022c)
buscaram verificar os efeitos de 16 semanas de treinamento aerdébio comparado a 8
semanas de treino aerobio seguido de 8 semanas de treinamento combinado, assim
como de um grupo controle de exercicios terapéuticos. Os resultados demonstraram
que os trés grupos melhoraram de forma semelhante o desempenho nos testes
funcionais 6-min walk, 30-s chair stand e 8-foot up and go com dupla tarefa, sem

alteracdes no desempenho do teste chair sit-and-reach.



40

Comparando as adaptacBes proporcionadas por programas de forca e aerébio,
Costa et al. (2018) observaram que o treinamento aerobio parece ser mais eficiente em
comparacao ao treinamento de forca para melhora das respostas cardiorrespiratérias
(isto €, VOzico, VO2Lv2 € tempo de exaustdo), enquanto ambos os modelos de
treinamento apresentaram incrementos semelhantes na forca muscular (isto é, 1 RM de
extensdo e flexao de joelhos). Destaca-se que o componente aerdbio dos programas de
treinamento nos estudos citados acima (COSTA et al., 2018; HAFELE et al., 2022a,
2022c; KANITZ et al., 2015; SILVA et al., 2018) foram todos prescritos por percentuais
da FC associada ao LAN.

Continuo versus Intervalado

Com relacdo a diferentes modelos de treino aerébio, alguns estudos compararam
programas de treinamento continuo e intervalado na modalidade de corrida em piscina
funda (PASETTI; GONCALVES; PADOVANI, 2012; REICHERT et al., 2016) e na
hidroginastica (ANDRADE et al., 2020a, 2020b). Os achados de Pasetti et al. (2012)
demonstraram que 12 semanas de ambos os programas de treinamento aerébio,
prescritos por percentuais da FC de reserva, apresentaram melhora na aptidao
cardiorrespiratéria de mulheres obesas, a partir do aumento na duragcdo e no ritmo
(nimero de elevacdes da perna direita/min) de um teste especifico de corrida em
piscina, todavia, apenas o treinamento intervalado apresentou reducdo nos valores de
FC de repouso. Reichert et al. (2016) demonstraram que 28 semanas de corrida em
piscina funda realizada de forma continua e intervalada e prescrita por IEP promoveram
melhorias em diversos parametros da aptiddo fisica medidos por testes funcionais
(agilidade e equilibrio dindmico, flexibilidade de membros inferiores, forca de membros
superiores e inferiores e capacidade cardiorrespiratoria) de idosos. Além disso, ambos
0s modelos de treinamento (continuo e intervalado) também promoveram redugdo nos
valores de PAS e PAD, sem diferenga entre 0os grupos.

Na modalidade de hidroginastica, Andrade et al. (2020a) observaram que 0sS
programas de treinamento continuo e intervalado, também prescritos por IEP,

promoveram ganhos similares ap6s 12 semanas em parametros cardiorrespiratorios
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(isto €, FC de repouso, VOzpico € tempo de exaustdo em teste progressivo em esteira) e
neuromusculares (isto €, 1RM e resisténcia muscular localizada de extensores de
joelho, atividade neuromuscular maxima do vasto lateral, espessura e qualidade
muscular do quadriceps femoral) de idosas. Os desfechos secundarios desse estudo
foram publicados em um segundo artigo (ANDRADE et al., 2020b) e demonstraram que
ambos os grupos de treinamento (continuo e intervalado) apresentaram melhora no
desempenho nos testes 30-s chair stand e 6-min walk, assim como na velocidade
habitual da marcha, sem diferenca entre os grupos.

Em suma, a literatura tém demonstrado que o treinamento aerdbio no meio
aquatico € capaz de gerar, além melhorias nos paradmetros cardiorrespiratorios,
incrementos em outros parametros da aptiddo fisica como na forca muscular
(ANDRADE et al., 2020a; BOCALINI et al., 2008; COSTA et al., 2018; HAFELE et al.,
2022a, 2022c; KANITZ et al., 2015; RICA et al.,, 2013; SILVA et al.,, 2018), na
flexibilidade (BOCALINI et al., 2008; REICHERT et al., 2016) e no equilibrio dindmico
(BOCALINI et al., 2008; REICHERT et al., 2016; SILVA et al., 2018). Todavia, nao foi
encontrado na literatura nenhum estudo que sintetize os achados sobre os efeitos do

treinamento exclusivamente aerébio no meio aquatico.

Revisdes sistematicas com meta-analises

Nos ultimos anos, revisdes sistematicas com meta-analises tém apresentado a
comunidade cientifica evidéncias mais consistentes sobre os efeitos de programas de
treinamento realizados no meio aquatico sobre componentes da aptiddo fisica de
adultos e idosos (FAIL et al., 2022; IGARASHI; NOGAMI, 2018; KIM et al., 2020; KWOK
et al., 2022; PRADO et al., 2022; REICHERT et al., 2015, 2018; SIMAS et al., 2017;
WALLER et al., 2016).

Nesse sentido, Reichert et al. (2015) demonstraram que programas de
hidroginastica podem ser indicados como uma forma de melhorar a capacidade
funcional de idosos. Especificamente, os resultados das meta-analises demonstraram
que a pratica de hidroginastica promove incrementos na forca muscular resistente e na

flexibilidade de membros superiores e inferiores, assim como no equilibrio dinamico, a
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partir do desempenho de testes funcionais. Por outro lado, os resultados n&o foram
capazes de demonstrar efeito significativo do desfecho de capacidade
cardiorrespiratéria, medido pelo teste de caminhada de seis minutos.

Por sua vez, Waller et al. (2016) objetivaram investigar os efeitos do exercicio
aquatico em parametros da aptidao fisica de idosos saudaveis em comparacdo a
grupos controle e a programas de exercicio no meio terrestre. Os resultados
demonstraram que o0s programas de treinamento no meio aquatico comparado ao
controle apresentaram efeito significativo na melhora da forgca muscular maxima,
resisténcia muscular, agilidade, flexibilidade, habilidade de caminhar, capacidade
aerdbia, assim como do funcionamento fisico autorreferido, sem diferenca para as
variaveis de poténcia muscular e estabilidade postural. Na comparacdo entre
programas aquaticos e terrestres, os resultados demonstraram que 0S exercicios
aquéaticos parecem ser tao eficazes quanto programas de treinamento no meio terrestre
na forca muscular maxima, resisténcia muscular, agilidade, flexibilidade, habilidade de
caminhar e capacidade aerdbia. Adicionalmente, foi observado efeito a favor dos
exercicios aquaticos para o funcionamento fisico autorreferido.

Alguns estudos se concentraram em adaptacdes de componentes especificos da
aptidao fisica. Em variaveis de forca muscular, Prado et al. (2022) verificaram os efeitos
de programas de treinamento no meio aquatico realizados por adultos e idosos. Os
resultados mostraram melhora significativa na forca de preensdo manual, no pico de
torque isométrico da flexdo e extensao unilateral do joelho e nos valores de 1 RM de
flexdo de cotovelo apos a realizacdo de exercicios aquaticos quando comparado aos
grupos controles. Para o pico de torque isocinético (60°.s') da extensao unilateral do
joelho, os resultados ndo mostraram efeito positivo significativo do treinamento aquatico
em comparacdo ao grupo controle. Além disso, as meta-andlises comparando
exercicios terrestres e aquaticos demonstraram que programas de treinamento no meio
aguatico parecem levar a ganhos de forca muscular semelhantes que programas no
meio terrestre na forca de preensdo manual e nimero maximo de apoios sobre o solo
com o joelhos no chdo. Em relagcdo a variaveis de equilibrio, Kim et al. (2020)
demonstraram melhorias comparaveis no equilibrio dindmico (por exemplo, teste de

caminhada de 5 m, teste de caminhada de 10 m, caminhada em tandem para tras),
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equilibrio proativo (por exemplo, Functional Reach Test, Timed Up and Go Test, 8-Foot
Up and Go Test) e baterias de teste de equilibrio (por exemplo, Balance Berg Scale e
Balance Outcome Measure for Elder Rehabilitation) apds programas de exercicios
aguaticos em comparacao a programas de exercicios realizados no meio terrestre em
idosos com 65 anos ou mais.

Fail et al. (2022) tiveram como objetivo analisar os resultados da pesquisa sobre
os efeitos do treinamento aquatico no estado de saude e aptidao fisica em adultos com
e sem doenca cronica. No grupo saudavel, foram observados efeitos positivos a favor
do treinamento aquético no equilibrio, na capacidade cardiorrespiratdria, flexibilidade,
qualidade de vida e na forca muscular. Por outro lado, as varidveis antropométricas e
de pressdo arterial ndo apresentaram efeitos positivos significativos a favor do
treinamento aquatico. Entre os adultos com doencas, foram observadas melhoras em
pacientes com fibromialgia (no equilibrio e aptiddo cardiorrespiratéria), doencas ésseas
(dor, equilibrio, flexibilidade e forca), doenca arterial coronariana (forca e
antropometria), hipertensao (qualidade de vida), acidente vascular cerebral (qualidade
de vida), diabetes (equilibrio e qualidade de vida), esclerose multipla (qualidade de vida
e equilibrio) e doenca de Parkinson (dor, marcha, aptiddo cardiorrespiratoria e
qualidade de vida). Destaca-se que inumeras revisbes tém sido desenvolvidas
verificando os efeitos dos exercicios aquéticos aplicados a populagBes especiais.
Nesses estudos, o enfoque da populacdo e os desfechos clinicos vao além do escopo
da presente pesquisa que se remete exclusivamente a individuos saudaveis e
componentes da aptidao fisica.

Recentemente, Kwok et al. (2022) realizaram meta-analises de ensaios clinicos
randomizados avaliando o efeito do treinamento aqudtico intervalado de alta
intensidade em marcadores de saude cardiometabodlica e fisica de mulheres. Os
resultados revelaram efeito significativo para um tamanho do efeito moderado a favor
do treinamento aquatico intervalado de alta intensidade em comparacéo com o controle
no aumento do VOzpico, Na redugédo da FC de repouso, e na melhora de forca de
membros inferiores, a partir do desempenho no teste chair to stand. As demais

variaveis investigadas (isto €, pressado artéria sistdlica e diastélica, percentual de
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gordura corporal, lipoproteinas de baixa e alta densidade, densidade mineral éssea total
e do fémur, forca de extenséao e flexao de joelho) ndo apresentaram efeito significante.
E importante mencionar que as conclusdes destes estudos foram baseadas no
agrupamento de diferentes modelos de treinamento (ou seja, aerobios, de forca,
combinados ou multicomponentes), sem analises de subgrupos por tipo de exercicio,
logo, informacBes sobre adaptacdes especificas de cada modelo ndo foram
apresentadas. Assim, ndo foi encontrada nenhuma revisdo sistematica da literatura
atual sobre as adaptacOes cardiorrespiratérias e neuromusculares de programas de
treinamento exclusivamente aerdbio no meio aquatico. Sintetizar os resultados sobre
essa tematica pode fornecer uma melhor resposta acerca da efetividade desse modelo
sobre diferentes componentes da aptiddo fisica relacionados a saude de adultos e
idosos, a fim de confirmar se programas aquaticos tem caracteristicas e adaptacdes de

treinamento multicomponente.
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3. Metodologia

Os métodos de cada estudo serdo apresentados de maneira separada. Ressalta-
se que no momento da qualificacdo do projeto, o estudo 1 ainda ndo havia iniciado,

enquanto o estudo 2 ja estava em fase de analise dos dados.

3.1 Estudo 1: Efeitos do treinamento aerdbio aquético na aptidéo fisica de adultos

jovens e idosos: umarevisdo sistematica e meta-analise

A revisdo sistematica com meta-analise serd conduzida e relatada de acordo
com as diretrizes do Cochrane Handbook for Systematic Reviews of Interventions
(HIGGINS et al., 2022) e do PRISMA (MOHER et al., 2009; PAGE et al., 2021). O
protocolo da revisao sera registrado no PROSPERO ap6s a qualificacdo do presente

projeto.

3.1.1 Critérios de Elegibilidade

Os critérios de elegibilidade foram definidos adotando a estratégia PICOS (isto €,
participants, intervention, comparator, outcome e study design). Além disso, os estudos
serdo limitados aos idiomas portugués, inglés e espanhol e aos publicados em

periodicos revisados por pares.

Participantes: Serdo incluidos estudos com homens e mulheres com mais de 18 anos
de idade, sem restricdo quanto ao limite superior de idade ou nivel de aptidao fisica.
N&o serdo incluidos estudos que assumissem como critérios de inclusdo doencas
cardiovasculares, osteoarticulares, neuromusculares, canceres, deficiéncias e/ou

recuperacao pos-cirurgica.

Intervencdes: Serdo incluidos estudos que investigaram efeitos de programas de
treinamento exclusivamente aerdbios em diferentes modalidades aquaticas (ex.:
exercicios estacionarios na agua, corrida/caminhada em piscina rasa, corrida em

piscina funda, esteira aquatica ou cicloergdmetro aquatico) realizados na posicao
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vertical, com duracdo minima de oito semanas, sem restricdo ao tempo maximo de

duracdo, assim como, quanto a intensidade, duracédo da sesséao, frequéncia ou volume.

Comparador: Serdo incluidos estudos em que os resultados de programas de
treinamento aerébio no meio aquatico foram comparados com grupos de sujeitos que:
1) nao realizaram nenhum programa de treinamento (grupos controle) ou; 2) realizaram
outra intervencdo aerObia fora do meio aquatico ou; 3) realizaram qualquer outra
intervencdo no meio aquatico. Além disso, estudos sem qualquer um dos grupos
comparadores mencionados anteriormente também serdo incluidos e apresentados

apenas na sintese qualitativa.

Desfechos: Serdo incluidos estudos que tenham avaliado desfechos de capacidade
cardiorrespiratoria, forca muscular, flexibilidade e equilibrio. Como exemplo, as
seguintes variaveis, com suas respectivas unidades de medida, poderdo ser
consideradas: a) consumo maximo de oxigénio (VOzmax; ml.kgt.mint); b) tempo de
exaustdo em testes incrementais (min); ¢) distancia percorrida em testes de caminhada
de 6 min (m); d) forca dindmica maxima em testes de repeticdes maximas (kg); e)
resisténcia muscular localizada (repeticées); f) desempenho nos testes 30-s chair stand
(repeticdes) e g) arm curl (repeticdes); h) desempenho nos testes chair sit-and-reach
(cm) e i) back scratch (cm); j) desempenho nos testes timed up and go (s) e k) 8-foot up

and go (s).

Desenho do estudo: Serdo incluidos estudos com delineamento de ensaio randomizado

e ndo randomizado. Estudos de revisdo, estudos de caso e estudos com delineamento

transversal, serdo excluidos.
3.1.2 Fontes de informacéao
O periodo de buscas esta previsto para ocorrer em Abril de 2022. As buscas

serdo realizadas em trés bases de dados eletrénicas para publicacfes indexadas de
texto completo (ou seja, PubMed, LILACS e EMBASE), desde o inicio da base de
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dados (data mais antiga) até Abril de 2022. Além disso, as listas de referéncia dos
artigos encontrados serdo verificadas manualmente. As estratégias de busca serdo
estruturadas utilizando descritores palavras-chave. Uma estratégia de busca preliminar

por base de dados esta apresentada na Tabela 1.

Tabela 1 — Estratégia de busca completa por banco de dados.

Base de dados Estratégia de busca

*1

#1 “water-based exercis*”[tiab] OR “aquatic exercis*”"[tiab]
OR “head-out water-based’[tiab] OR "water running"[tiab]
OR “water walking’[tiab] OR “water cycling’[tiab] OR
“aquatic cycling’[tiab] OR “deep-water running’[tiab] OR
“‘water-based aerobic exercise”[tiab] OR “water aerobic
exercis*’[tiab] OR  “underwater walking”[tiab] OR
PubMed ‘underwater gait”[tiab] OR “aquajogging”[tiab] OR
“‘hydrogymnastic*’[tiab] OR “water exercise”[tiab]

#2 Review[ti] OR Cohort[t] OR Cross-sectional[tii OR
Observational[ti] OR Case-control[ti] OR "Case report"[ti]
OR Meta-analysis[ti] OR Synthesis|[ti] OR Consensusiti]

#1 NOT #2

“‘water-based exercise” OR “water exercise” OR "water
running” OR “water walking” OR “water cycling” OR “deep-

Lilacs water running” OR “deep water OR “water-based aerobic
exercise” OR “water aerobic exercise” OR *“aquatic
exercise” OR “aquatic cycling” OR “underwater walking”
OR “underwater gait” OR (water AND exercise)

#1 'water based exercise'/exp OR 'deep water running'/exp
OR ‘'aguatic exercise'/exp OR ‘'aquatic exercise' OR
‘exercise, aquatic' OR 'underwater exercise'/exp OR 'water-
based exercis*ti,ab OR 'aquatic exercis*:ti,ab OR 'head-
out water-based'ti,ab OR 'water runningti,ab OR ‘water
walkingitbab OR ‘'water cyclingtiab OR ‘aguatic
cycling:tiab OR ‘'water-based aerobic exercise"ti,ab OR
Embase 'water aerobic exercis*:ti,ab OR 'underwater walking'ti,ab
OR ‘'underwater gait:tiab OR aquajogging:tiab OR
hydrogymnastic*:ti,ab OR 'water exercise':ti,ab

#2 'review'ti OR 'cohort:ti OR ‘cross-sectional:ti OR
‘observational’ti OR 'case-control'iti OR ‘case report'ti OR
'meta analysis':ti OR 'synthesis':ti OR '‘consensus'ti

#1 NOT #2
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3.1.3 Processo de selegéo

Todos os artigos encontrados serdo importados para o0 software de
gerenciamento de referéncia Mendeley Desktop (versao 1.19.8, Londres, Reino Unido).
Inicialmente, as duplicatas serdo removidas. Apos, os titulos e resumos dos potenciais
estudos serdo avaliados independentemente por dois revisores, de acordo com o0s
critérios de elegibilidade citados anteriormente. Sera realizada uma triagem piloto de
100 artigos para padronizacdo do processo de elegibilidade. As divergéncias entre o
par serdo resolvidas por discussdo e em caso de duvidas a opinido de um terceiro
avaliador sera solicitada. Os resumos que ndo fornecerem informacgdes suficientes

sobre os critérios de inclusdo e exclusdo serdo avaliados no texto completo.

3.1.4 Processo de coleta dos dados

Todos os artigos incluidos apds o processo de selecdo pelo texto completo
passarao para o processo de extracdo dos dados. Sera utilizada uma planilha de dados
codificada para extrair os dados de interesse do estudo. Serdo coletados os resultados
de variaveis relacionadas a capacidade cardiorrespiratéria, forca muscular, flexibilidade
e equilibrio, medidos antes e apdés intervengdes com programas de treinamento aerébio
no meio aquatico e de seus respectivos grupos comparadores. Além disso, as
seguintes informacfes serdo coletadas: informacdes da publicacdo (ou seja, autores,
ano de publicacado, periédico, pais), caracteristicas dos participantes (ou seja, tamanho
da amostra, idade, sexo, caracteristicas antropométricas e nivel de treinamento),
caracteristicas dos programas de treinamento (ou seja, modalidade/exercicios, duracao
do programa, frequéncia, parametro de prescricdo da intensidade, intensidade, duragéo
da sesséo). Os dados serdo extraidos por duplicata e as discordancias sobre a
extracdo dos dados serdo discutidas em conjunto, e em caso de ddvidas ou
divergéncias um terceiro avaliador serd consultado. Caso algum dado relevante nao

seja encontrado no texto completo, os autores dos estudos serdo contatados.
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3.1.5 Avaliagdo da qualidade dos estudos

A qualidade metodoldgica dos estudos sera avaliada pela Tool for the
Assessment of Study Quality and Reporting in Exercise (TESTEX) (SMART et al.,
2015), especificamente projetada para uso em estudos de treinamento fisico. A
TESTEX € uma escala de 15 pontos (5 pontos para a qualidade do estudo e 10 pontos
para o relatorio), sendo que cada quesito recebe '1' ou '0' pelos avaliadores. A escala
usa 12 critérios, com alguns critérios marcando mais de um ponto possivel para uma
pontuacdo maxima de 15 pontos. Os critérios de qualidade do estudo séo: 1) critérios
de elegibilidade especificados; 2) randomizacgéo especificada; 3) ocultacdo de alocacao;
4) grupos semelhantes na linha de base; 5) cegamento do avaliador (para pelo menos
um resultado-chave); enquanto os critérios para o relato do estudo sédo: 6) medidas de
desfecho avaliadas em 85% dos pacientes; 7) analise de intencdo de tratar; 8)
comparacdes estatisticas entre grupos relatadas; 9) medidas pontuais e medidas de
variabilidade para todas as medidas de resultado relatadas; 10) monitoramento de
atividades em grupos controle; 11) a intensidade relativa do exercicio permaneceu
constante; 12) volume de exercicio e gasto energético.

A avaliacdo sera feita em duplicata de forma independente. Um teste piloto seré
realizado antes do inicio do processo de avaliacdo para consolidar e esclarecer os
critérios de classificacdo das ferramentas entre a dupla de revisores. As discordancias

serdo resolvidas por discussao entre a dupla ou por consulta com um terceiro avaliador.

3.1.6 Métodos de sintese

Para os desfechos que for possivel, as analises seréo realizadas utilizando o
software Review Manager (verséo 5.4). As meta-analises serdo realizadas por meio do
modelo de efeitos aleatérios, e as medidas de efeito serdo obtidas pela média, desvio
padrdo e tamanho da amostra. Serdo realizadas meta-andalises para cada variavel da
revisdo quando dois ou mais estudos relatarem a mesma variavel. As meta-analises
serdo realizadas comparando programas de treinamento aerobio no meio aquatico com

grupos controle e programas de treinamento aerdbio no meio aquatico com programas
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de treinamento no meio terrestre. Os estudos serdo ponderados individualmente
usando o método da variancia inversa. A diferenca média com intervalos de confianca
(IC) de 95% serdo utilizadas para as meta-analises quando os estudos incluidos
relatarem os resultados das variaveis utilizando a mesma escala de medida, enquanto
que a diferenca padronizada com IC de 95% serd calculada para varidveis que
utilizarem medidas distintas. A heterogeneidade estatistica ser4 medida pelo teste qui-
quadrado e pelo teste de inconsisténcia (12). A heterogeneidade sera considerada
significativa com base no valor p < 0,10 ou o valor 12 > 40%. Para variaveis com alta
heterogeneidade, poderdo ser realizadas andlises de sensibilidade de acordo com
modalidades, caracteristicas da intervenc¢do ou da amostra.
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3.1 Estudo 2: Comparacdo de parametros cardiorrespiratorios entre protocolos
incrementais realizados nos meios aquatico e terrestre por individuos saudaveis:

uma revisao sistematica e meta-analise

A revisdo sistematica com meta-analise foi conduzida e relatada de acordo com
as diretrizes do Cochrane Handbook for Systematic Reviews of Interventions e do
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
(HIGGINS et al., 2022; MOHER et al., 2009; PAGE et al., 2021). O presente estudo foi
registrado no International Prospective Register of Systematic Reviews (PROSPERO;
CRD42020212508).

3.2.1 Critérios de Elegibilidade

Os critérios de elegibilidade sdo mostrados na Tabela 2. A revisdo incluiu
estudos transversais cruzados que investigaram as respostas cardiorrespiratérias
durante protocolos de testes incrementais até o esforco maximo em diferentes
modalidades de exercicio aquatico realizado na posicao vertical (ou seja, exercicios
estacionarios na agua, corrida/caminhada em piscina rasa, corrida em piscina funda,
esteira aquatica ou cicloergbmetro aquatico) em comparacdo com a condicdo de teste
incremental no meio terrestre. Foram incluidos estudos com homens e mulheres
saudaveis com mais de 18 anos. Nao houve restricdo quanto ao limite superior de idade
ou ao nivel de aptidao fisica. Os critérios de exclusdo incluiram estudos com
participantes afetados por doencas cardiovasculares ou metabdlicas (por exemplo,
diabetes, doenca coronariana, dislipidemia), fator de risco de hipertensédo ou disturbios
osteoarticulares. Os estudos foram limitados aos idiomas portugués, inglés e espanhol,

publicados em periédicos revisados por pares.


https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020212508
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Tabela 2 — Critérios de elegibilidade.

Critérios Descricao

Idioma de Inglés, portugués e espanhol

publicacao gies, portug P

Desenho do estudo Transversal Cruzado

Participantes Homens e mulheres saudaveis (= 18 anos)

Teste incremental até o esforco maximo em qualquer
modalidade de exercicio aquético realizado na posi¢do
Exposicao vertical (ou seja, exercicios estacionarios na agua,
corrida/caminhada em piscina rasa, corrida em piscina
funda, esteira aquatica ou cicloergdmetro aquatico)

Comparador Teste incremental até o esforco maximo no meio terrestre
Consumo de oxigénio (VO2max € VOz2La), frequéncia cardiaca

Parametros (FCmax € FCLa) € indice de esfor¢o percebido (IEPmax €
IEPLA)

3.2.2 Fontes de informacao

As buscas foram realizadas em quatro bases de dados eletronicas (ou seja,
PubMed, LILACS, EMBASE e SPORTDiscus) entre 7 e 8 de setembro de 2020. A
busca incluiu estudos que vao desde 1946 (inicio do banco de dados) até setembro de
2020. Além disso, as listas de referéncias dos artigos recuperados foram verificadas
manualmente. As estratégias de busca de literatura foram desenvolvidas usando
Medical Subject Headings (MeSH) e palavras-chave. As estratégias de busca completa

por banco de dados séao apresentadas na Tabela 3.

Tabela 3 - Estratégia completa de busca por base de dados.

Base de dados Estratégia de busca

#1 “water-based exercis*’[tiab] OR “water-based’[tiab] OR
“aquatic exercis*’[tiab] OR aquatic OR *“head-out water-
based”[tiab] OR "water running"[tiab] OR “water walking”[tiab]
OR “water cycling”[tiab] OR “aquatic cycling’[tiab] OR “deep
water” OR “deep-water running”[tiab] OR “water-based aerobic
exercise”’[tiab] OR “water aerobic exercis*’[tiab] OR
‘underwater walking”[tiab] OR “underwater gait’[tiab] OR
“aquajogging”[tiab] OR “hydrogymnastic*’[tiab] OR “water
exercise” OR “water environment” OR “aquatic environment”

#2 “Physical Exertion’[Mesh] OR “Exercise test’[Mesh] OR
“‘Exercise testing” OR “Cardiopulmonary exercise test’[tiab] OR

PubMed




Cardiorespiratory[tiab] OR “Cardiorespiratory respons*’[tiab]
OR “Exercise tolerance’[Mesh] OR “Exercise capacity’[tiab]
OR “Maximal incremental test’[tiab] OR  “Oxygen
Consumption’[Mesh] OR “Oxygen uptake’[tiab] OR “Peak
oxygen uptake”[tiab] OR “Maximal oxygen consumption”[tiab]
OR “Maximal oxygen uptake”tiab] OR “Graded exercise
test’[tiab] OR “Maximal test’[tiab] OR “VO2”[tiab] OR “VO2
max”[tiab] OR “VO2 peak’[tiab]

#3 Review[ti OR Cohort[t] OR Meta-analysis[t]i OR
Synthesis|[ti] OR Consensusti]

#1 AND #2 NOT #3

Lilacs

“‘water-based exercise” OR “water based” OR “water exercise”
OR "water running" OR “water walking” OR “water cycling” OR
‘deep-water running” OR “deep water OR “water-based
aerobic exercise” OR “water aerobic exercise” OR “aquatic
exercise” OR “aquatic cycling” OR aquatic OR “underwater
walking” OR “underwater gait” OR (water AND exercise)

Embase

#1 'water based exercise'/exp OR 'deep water running'/exp OR
‘aguatic exercise'/exp OR ‘aguatic exercise’ OR 'exercise,
aquatic’ OR ‘'underwater exercise'/exp OR ‘water-based
exercis*ti,ab OR 'water based"ti,ab OR 'aquatic exercis*"ti,ab
OR 'head-out water-based'tiab OR ‘'water running'ti,ab OR
'water walking':itiab OR ‘water cyclingtiab OR ‘'aquatic
cycling:itiab OR 'deep watertiab OR ‘water-based aerobic
exercise"ti,ab OR 'water aerobic exercis*:ti,ab OR ‘underwater
walking“ti,ab OR 'underwater gaitti,ab OR aquajogging:ti,ab
OR hydrogymnastic*:tiiab OR 'water exercise'ti,ab OR 'water
environment':ti,ab

#2 'exercise test'/exp OR 'effort test OR 'exercise test' OR
‘exercise testing' OR 'stress test' OR 'test, exercise' OR
‘cardiopulmonary exercise test/exp OR ‘cardiopulmonary
exercise test' OR 'cardiorespiratory response’/exp OR ‘exercise
tolerance'/exp OR 'exercise tolerance' OR 'tolerance, exercise’
OR 'exercise tolerance test'/exp OR 'oxygen consumption'/exp
OR '02 consumption' OR '02 uptake' OR 'oxygen consumption'
OR 'oxygen demand’ OR ‘'oxygen intake' OR ‘'oxygen
requirement’ OR 'oxygen uptake' OR 'oxygen utilization' OR
‘peak  oxygen uptake'/exp OR  'maximal oxygen
consumption'/exp OR 'maximal oxygen uptake'/exp OR 'graded
exercise test/exp OR  ‘exercise testing:tiab OR
‘cardiorespiratory fitness'/exp OR 'cardiorespiratory fithess' OR
‘cardiorespiratory respons*:ti,ab OR ‘'exercise capacity'ti,ab
OR 'maximal incremental test'iti,ab OR 'oxygen uptake'ti,ab
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OR 'maximal test':ti,ab OR vo2:ti,ab
#3 'review":ti OR 'meta analysis":ti OR 'consensus':ti

#1 AND #2 NOT #3

SPORTDiscus

#1 “water-based exercis®™ OR “water-based” OR “head-out
water-based” OR "water running” OR “water walking” OR
‘water cycling” OR “aquatic cycling” OR “deep-water running”
OR “water-based aerobic exercise” OR “underwater walking”
OR “underwater gait” OR “aquajogging” OR “hydrogymnastics”
OR "AQUATIC exercises" OR "WATER aerobics" OR
"AQUATIC exercises -- Therapeutic use” OR aquatic OR “deep
water” OR “water exercise” OR “water environment” OR
“aquatic environment”

#2 “Exercise testing” OR “Cardiopulmonary exercise test” OR
“Cardiorespiratory response” OR “Exercise capacity” OR
“‘Maximal incremental test” OR “Oxygen uptake” OR “Peak
oxygen uptake” OR “Maximal oxygen consumption” OR
“‘Maximal oxygen uptake” OR “Graded exercise test” OR
“‘Maximal test” OR “Maximal incremental test” OR “VO2” OR
“YO2 max” OR “VO2 peak” OR "EXERCISE tests" OR
"EXERCISE tolerance” OR "AEROBIC capacity® OR
"CARDIOPULMONARY fitness measurement" OR
"CARDIOPULMONARY fitness" OR "OXYGEN consumption™

#3 Tl (Review OR Cohort OR Meta-analysis OR Synthesis OR
Consensus)

#1 AND #2 NOT #3

3.2.3 Processo de selegéo

Todos o0s estudos encontrados foram
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importados para o software de

gerenciamento de referéncia Endnote X8 e as duplicatas foram removidas. De acordo

com os critérios de elegibilidade, dois revisores avaliaram independentemente os titulos

e resumos dos estudos potenciais previamente pesquisados. Antes do processo de

elegibilidade, foi realizada uma triagem piloto de 100 artigos para padronizacao.

Divergéncias entre o par de revisores foram resolvidas por discusséo ou decisédo de um

terceiro revisor. Todos os resumos que nao forneceram informacdes suficientes sobre

os critérios de inclusao e exclusao foram avaliados em texto completo.
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3.2.4 Processo de coleta de dados

Todos os estudos que atenderam aos critérios de elegibilidade em nivel de texto
completo foram incluidos no processo de extracdo de dados. Os dados foram extraidos
por um autor e depois confirmados por outro. As discordancias foram resolvidas por
discussdo entre 0s revisores para concordar ou consultar um terceiro revisor
independente. Uma planilha de dados codificada foi usada para extrair os resultados
maximos e associados aos limiares anaerdobios de VO2, FC e IEP (ou seja, VO2max,
VO2zLa, FCmax, FCLa, IEPmax € IEPLA) durante os testes incrementais aquaticos e
terrestres. Além disso, as seguintes informac6es foram coletadas: autor, ano de
publicacdo, periddico, caracteristicas dos participantes (ou seja, tamanho da amostra,
idade, sexo e caracteristicas antropomeétricas) e protocolos de teste em agua e terra (ou
seja, exercicios, intensidade inicial, incrementos, tempo de cada etapa, critérios de
término, profundidade da agua, temperatura ambiente ou temperatura da agua). Os
autores dos estudos incluidos foram contatados quando algum dado n&o foi encontrado

no texto completo.

3.2.5 Avaliacdo da qualidade metodoldgica dos estudos incluidos

A Joanna Briggs Institute (JBI) Critical Appraisal tool for Analytical Cross-
Sectional Studies (MOOLA et al.,, 2017) foi adaptada para avaliar a qualidade
metodoldgica dos estudos incluidos. A ferramenta é composta por oito perguntas com
as seguintes respostas possiveis: Sim, Nao, Ndo estd claro ou Nao/Aplicavel. Os
estudos foram classificados com base nos critérios fornecidos pela diretriz JBI (MOOLA
et al., 2017). As questdes 5 (isto €, os fatores de confusédo foram identificados?) e 6
(isto é, as estratégias para lidar com os fatores de confusdo foram declaradas?) nao
foram incluidas em nossa analise porque ndo sdo aplicadas ao desenho dos estudos
incluidos. Como 0s mesmos participantes realizaram os protocolos, assumimos que nao
houve fatores de confusdo intersujeitos. Além disso, foram incluidos dois itens

considerados relevantes para a avaliacdo da qualidade dos estudos: (1) "O método de
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randomizacao foi descrito em detalhes?" e (2) "Foi descrito o tempo de intervalo entre
0s protocolos?".

A avaliacao foi feita por pares de revisores de forma independente e com base
nas informacdes relatadas no artigo publicado. Foi feito um teste piloto para consolidar
os critérios de avaliagdo da equipe de revisores. As discrepancias foram resolvidas por
discussdo entre os pares ou por consulta a todas as autoras. Nao sera gerado uma
pontuacéao total para estudos, assim, a apresentacdo e discussao da classificacdo dos

estudos serdo baseadas nos itens individuais da ferramenta.

3.2.6 Métodos de sintese

Serdo realizadas meta-andlises de efeitos aleatdrios para cada variavel da
revisdo usando o software Review Manager (versao 5.4) quando dois ou mais estudos
relatarem a mesma variavel. Os dados brutos (ou seja, médias, desvio padrdo e
tamanho da amostra) serdo extraidos e os estudos serdo ponderados individualmente
usando o método de variancia inversa. A diferenca média bruta (DM), com intervalo de
confianca (IC) de 95%, sera utilizada para meta-analise quando a mesma unidade de
medida tiver sido utilizada entre estudos para um parametro individual. Quando
diferentes unidades de medidas entre estudos tiverem sido utilizadas para um mesmo
parametro individual, sera utiliza a DM padronizada, com IC de 95%.

A heterogeneidade estatistica sera medida pelo teste qui-quadrado e pelo teste
de inconsisténcia (I?). A heterogeneidade sera considerada significativa com base no
valor p < 0,10 ou o valor 12 > 40%. Para variaveis com alta heterogeneidade, poderdo
ser realizadas analises de subgrupos de acordo com modalidades, caracteristicas dos

protocolos ou caracteristicas dos participantes.



4. Cronograma

Ano 2021 2022

Atividades/Més J [F J F M
Elaboracéo do projeto X X X X X
Reviséo de literatura X X X X X
Qualificacao do projeto X
Elaboracdo do manuscrito | X X X | X X

Submissdo do manuscrito |

Registro da RS no PROSPERO

Buscas nas bases de dados

Selecéo dos artigos

Extracdo dos dados

Analise do risco de viés

Analise dos dados

Discussao dos resultados

Elaboracdo do manuscrito |l

Defesa da tese

Entrega da versao final
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5. Divulgagéo dos resultados

Os resultados obtidos a partir do presente trabalho serdo divulgados a partir da
apresentacao da tese necessaria a obtencao do titulo de Doutora em Educacao Fisica
pelo Programa de Pés-Graduacdo em Educacdo Fisica da Universidade Federal de
Pelotas, assim como da publicacdo de dois artigos a serem submetidos em periddicos

de impacto internacional.

1) Effects of aquatic aerobic training on physical fithess in young and older adults: a
systematic review and meta-analysis, a ser submetida ao Journal of Strength and
Conditioning Research.

2) Cardiorespiratory parameters comparison between incremental protocols
performed in aquatic and land environments by healthy individuals: a systematic

review and meta-analysis, a ser submetida ao Sports Medicine.

Além disso, os resultados serdo apresentados em postagens em redes sociais

com interpretacdes dos resultados em linguagem acessivel para o publico leigo.
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O presente relatério apresentard as atividades realizadas durante o curso de
doutorado realizado na linha de pesquisa de Exercicio fisico para a promocédo da saude
do Programa de PoOs-Graduacdo em Educacdo Fisica da Universidade Federal de
Pelotas.

O ingresso no curso de doutorado foi realizado com o projeto de pesquisa
intitulado “Efeitos do treinamento aerdbio realizados em diferentes meios sobre a
percepcdo de fadiga, aptidao fisica, salude mental e qualidade de vida de mulheres
sobreviventes do cancer de mama: um ensaio clinico randomizado”. No entanto, devido
a pandemia de COVID-19, o desenvolvimento desse projeto foi comprometido. O
objetivo era manter a ideia original do projeto uma vez que o mesmo foi agraciado no
Edital Universal do CNPg e a prorrogacdo de seis meses do prazo do curso de
doutorado foi aprovado pelo colegiado. Durante a espera do controle da pandemia e da
liberacdo das atividades presenciais para o desenvolvimento do projeto foi realizada a
escrita do artigo de protocolo do estudo.

No segundo semestre de 2021 reavaliamos a situacdo e percebemos que
mesmo com a prorrogacdo de seis meses do prazo do curso de doutorado, o periodo
restante ndo seria possivel o desenvolvimento do trabalho como parte da tese de
doutorado. Assim, elaborou-se um novo projeto de pesquisa intitulado “Treinamento
aerébio no meio aqudtico: efeitos crénicos na aptiddo fisica e parametros de
intensidade utilizados na prescricdo de adultos e idosos”, composto por duas revisoes
sistematicas, tendo em vista as restricdes decorrentes da pandemia e a impossibilidade
de coleta de dados dentro do prazo possivel. Assim, em 28 de mar¢co de 2022 o novo
projeto foi apresentado a banca de qualificagcdo composta pela professora Ana Carolina
Kanitz e pelo professor Rodrigo Suddatti Delevatti. Apdés a qualificacdo, uma das
revisbes que ja estava em andamento foi concluida e publicada no periédico Sports
Medicine e a elaboracdo da segunda reviséo foi iniciada.

Além das atividades obrigatorias do curso de doutorado (integralizacdo de 42
créditos em disciplinas e aprovacdo em dois testes de proficiéncia em lingua
estrangeira) e como bolsista (estagio de docéncia orientada e apresentacdo de pelo
menos um trabalho em evento cientifico por ano), destacam-se outras atividades de

carater académico realizadas durante o periodo do curso, listadas a seguir.
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Participacao em projetos de extenséo:

1. Projeto de extenséo Exercise Research in Cancer (ERICA) da Universidade Federal
de Pelotas;

2. Projeto de extensdo Mulheres em Ciéncias da Saude da Universidade Federal do
Rio Grande do Sul.

Participacdo em projetos de pesquisa:

1. Efeitos de dois volumes de treinamento combinado nas adaptacdes
neuromusculares, cardiorrespiratérias e de qualidade de vida de mulheres que
finalizaram o tratamento priméario de cancer de mama;

2. Respostas de um programa de alongamento supervisionado remotamente durante
pandemia por COVID-19 no quadro doloroso, depresséo, sono e funcionalidade em
mulheres com fibromialgia: um ensaio clinico randomizado;

3. Efeitos de 16 semanas de diferentes programas de treinamento no meio aquatico
sobre variaveis neuromusculares, cardiorrespiratérias, funcionais, de qualidade de
vida e de funcéo cognitiva em idosas: um ensaio clinico randomizado;

4. Andlise de desempenho e recuperacdo de jogo simulado em atletas de futsal
universitario;

5. Treino de poténcia em adultos de meia-idade, idosos saudaveis e com limitacdo na
mobilidade: adaptagcbes no sistema neuromuscular e seus efeitos sobre o
desempenho funcional;

6. Efeitos de um programa de exercicio fisico supervisionado remotamente em
individuos com diabetes tipo 2: um ensaio clinico randomizado;

7. Efeitos de um programa de exercicio supervisionado remotamente sobre a
percepcéao de fadiga de sobreviventes do cancer de mama: uma analise nos tempos
da COVID-19;

8. Hypertension Approaches in the Elderly: a Lifestyle study (HAEL).
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Coorientacdes de trabalhos de conclusdes de curso:

1. Samara Nickel Rodrigues (2019) - Respostas agudas glicémicas e pressoricas apos
diferentes modelos de treino aerdbio no meio aquatico em pacientes com diabetes
mellitus tipo 2;

2. Mariana Borba Gomes (2019) - Forca de reacdo do solo vertical em exercicio
realizado nos meios aquatico e terrestre por criancas com sobrepeso e obesidade;

3. Esther Goncalves Meireles (2021) - Comparacdo de parametros cardiorrespiratorios,
neuromusculares, percep¢cdo de fadiga e qualidade de vida entre os diferentes

estadiamentos do cancer de mama.

Artigos publicados como primeira autora:

1. Andrade, L. S., Pinto, S. S., Silva, M. R., Schaun, G. Z., Portella, E. G., Nunes, G. N.,
David, G. B., Wilhelm, E. N., & Alberton, C. L. (2020). Water-based continuous and
interval training in older women: Cardiorespiratory and neuromuscular outcomes
(WATER study). Experimental Gerontology, 134, 110914.
https://doi.org/10.1016/j.exger.2020.110914

2. Andrade, L. S., Pinto, S. S., Silva, M. R., Campelo, P. C., Rodrigues, S. N., Gomes,
M. B., Kriiger, V. L., de Ferreira, G. F., & Alberton, C. L. (2020). Randomized clinical
trial of water-based aerobic training in older women (WATER Study): functional
capacity and quality of life outcomes. Journal of Physical Activity & Health, 1-9.
https://doi.org/10.1123/jpah.2019-0552

3. Andrade, L. S., Kanitz, A. C., Hafele, M. S., Schaun, G. Z., Pinto, S. S., & Alberton,
C. L. (2020). Relationship between oxygen uptake, heart rate, and perceived effort in
an aquatic incremental test in older women. International Journal of Environmental
Research and Public Health, 17(22), 8324. https://doi.org/10.3390/ijerph17228324
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ABSTRACT

The effects of exclusively aerobic training in the aquatic environment on the different
components of physical fithess still need to be clarified in the literature. The study aimed
to investigate the effects of aquatic aerobic training on the physical fithess of young and
older adults. PubMed, LILACS, and EMBASE were searched in April 2022. Eligibility
criteria included randomized and non-randomized trials with aerobic training programs
performed by young and older adults analyzing components of physical fithess (i.e.,
cardiorespiratory capacity, muscle strength, balance, and flexibility). Meta-analyses
compared aquatic aerobic training and 1) control, 2) land aerobic training, and 3) aquatic
combined training. Twenty-one studies were included in the review and 15 in the meta-
analysis. All studies included in the meta-analysis had a sample of older adults.
Compared with the control, the results showed a significant increase in cardiorespiratory
capacity after 8 to 24 weeks of training programs. In the maximum muscular strength,
increments were observed in programs of 10 to 12 weeks, while in the strength related
to functionality, improvements were observed in programs of up to 8 months. No
difference was observed for agility/dynamic balance and flexibility. Similar responses in
cardiorespiratory capacity were observed in aquatic and land aerobic training programs.
Furthermore, aerobic was superior to combined training in improving cardiorespiratory
responses with similar muscle strength and agility/dynamic balance increases. In
conclusion, in addition to improvements in cardiorespiratory parameters, the results
showed that exclusively aerobic training in the aquatic environment promotes increased
muscle strength in older adults.

Key words: water-based exercise; aquatic environment; cardiorespiratory fitness;

muscle strength; balance; flexibility.
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INTRODUCTION

Exercises performed in the aquatic environment in an upright position have gained
popularity as an alternative to conventional physical activities performed on land (e.g.,
walking/running, cycling, or dancing), probably due to some advantages provided by the
physical properties of water (60). As a reflection, the literature on aquatic exercises for
health promotion has grown significantly and exponentially (64). Thus, the effects of
training in the aquatic environment have been investigated since the 1990s, with most
studies using combined or multi-component training programs
(4,7,20,29,30,35,37,43,44,51,57,58,61). It is noteworthy that the adaptations provided by
these training models are derived from both aerobic and other applied exercises, such

as strength, balance, and flexibility.

Research on cardiorespiratory and neuromuscular adaptations of exclusively aerobic
aguatic training has gained prominence, especially in the last decade
(5,6,12,21,22,29,40,48,50,54). Regarding the chronic effects of performing exercises in
the aquatic environment, aerobic training programs may have as an additional
advantage the characteristics and adaptations of multi-component training (i.e.,
adaptations in three or more components of physical fitness) (12). Studies have shown
that aerobic programs in the aquatic environment can generate, in addition to
improvements in cardiorespiratory parameters, increments in other parameters of
physical fithess, such as muscle strength (6,8,12,21,22,29,50,54), flexibility (8,48), and
dynamic balance (8,48,54). Such additional adaptations can be attributed mainly to the

overload imposed by the aquatic environment due to the drag force generated by the
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movement in the water and to the buoyancy that provides instability during exercises
(60). In addition, it is important to mention that aerobic training was evidenced to be
even more efficient than combined training (29) or strength training programs (12) to
improve responses cardiorespiratory responses with similar increments in muscle

strength responses.

In recent years, systematic reviews with meta-analyses have provided the scientific
community with more consistent evidence on the effects of training programs in the
aguatic environment on components of physical fithess in adults and the elderly
(15,25,31,33,45,47,49,52,55,62). Reichert et al. (49) demonstrated that water-based
exercise programs improve the functional capacity of older individuals. Likewise,
Saquetto et al. (52) showed that aquatic training programs promote benefits in
cardiorespiratory capacity, muscle strength, and flexibility compared to no intervention.
Additionally, aquatic training has shown similar increments to land-based training to
improve cardiorespiratory fithess, muscle strength, agility, and flexibility (52). It is
essential to highlight that the conclusions of these studies were based on the grouping
of different training models (i.e., aerobic, strength, combined, or multi-component)
without subgroup analysis by type of exercise; therefore, information on specific

adaptations of each model was not presented.

It should be stressed that aerobic exercises are especially recommended in exercise
guidelines (11,19,42), mainly due to the benefits provided to the cardiovascular health of
practitioners since the low cardiorespiratory fitness is a predictor of mortality from all

causes and cardiovascular events (32). Thus, to the best of our knowledge, no
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systematic review of the current literature has investigated the adaptations of exclusively
aerobic training programs in different modes of aquatic exercise performed in an upright
position on different health-related components of physical fitness (i.e., cardiorespiratory
capacity, muscle strength, balance, and flexibility). Summarizing the results of this topic
can provide a better answer about the effectiveness of this model in different parameters
of physical fitness of adults and older individuals to confirm if aquatic aerobic programs
have characteristics and adaptations of multi-component training. Therefore, the
purposes of the present review were the following: to investigate the effects of aerobic
training programs in the aquatic environment on physical fitness components of young
and older adults compared with their non-trained peers; to compare the effects of
aerobic training programs in the aquatic environment compared with aerobic training
programs performed in the land environment; to compare the effects of aerobic training
programs in the aquatic environment compared with other training models (e.g., multi-
component, combined, strength, balance, or flexibility) performed in the aquatic

environment.

METHODS

Experimental Approach to the Problem

The present study is characterized as a systematic review with meta-analysis. The

results of this meta-analysis may include a more precise estimate of the effect of aerobic

exercise in the aquatic environment on the components of physical fitness (i.e.,
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cardiorespiratory capacity, muscle strength, balance, and flexibility). A systematic review
with a meta-analysis was conducted and reported according to the Cochrane Handbook
for Systematic Reviews of Interventions (24) and Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) (36,39). This study was registered in
the International Prospective Register of Systematic Reviews (PROSPERO;

CRD42022330641).

Eligibility Criteria

Eligibility criteria were defined by the PICOS strategy (i.e., participants, intervention,
comparator, outcome, and study design). In addition, the studies were limited to

Portuguese, English, and Spanish and those published in peer-reviewed journals.

Participants: Women and men aged 18 and over, with no upper age limit or fitness level.
Studies that assumed cardiovascular, osteoarticular, neuromuscular diseases, cancers,

disabilities, and/or post-surgical recovery as inclusion criteria were not included.

Interventions: Aerobic training programs in different modes of aquatic exercise
performed in an upright position, with a minimum duration of eight weeks, without

restriction on the maximum duration, frequency, session duration, intensity, or devices.

Comparators: 1) control group (e.g., no exercise; sham; non-periodized activities; health
education); 2) aerobic training programs performed in the land environment; 3) any other

training model (i.e., multi-component, combined, strength, balance, or flexibility)
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performed in the aquatic environment; 4) studies without any comparator group also

were included and presented only in the qualitative synthesis.

Outcomes: To comprehensively account for physical fithess measurements, any of the
following outcomes were considered for inclusion in the meta-analysis. For
cardiorespiratory fitness, parameters evaluated by maximum oxygen consumption
(VO2max) or performance in functional tests were included (e.g., walk or step up tests).
For muscle strength, performance in one-repetition maximum (1RM) or chair stand tests
were included. For agility/dynamic balance, up-and-go and tandem-walking tests were
included. Finally, for flexibility, reaching tests were included. For qualitative synthesis,
studies with any measure of cardiorespiratory capacity, muscle strength, balance, or

flexibility were included.

Study design: Randomized or non-randomized trials.

Information sources

Searches were performed on April 28, 2022, in three electronic databases for full-text
indexed publications (i.e., PubMed, LILACS, and EMBASE). The search period was
from the earliest manuscript available until April 2022. Studies were limited to
Portuguese, English, and Spanish languages and published in peer-reviewed journals.
In addition, the reference lists of the articles found were manually checked. The full

search strategies per database are presented in Supplemental Digital Content 1.
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Selection Process

All retrieved reports were imported for the Rayyan app (38), and duplicates were
removed. Afterward, the titles and abstracts of potential studies were evaluated in
duplicate by independent reviewers (LSA and SNR / LSA and MTC) according to the
eligibility criteria. A pilot screening of 100 articles was carried out to standardize the
eligibility process. Any disagreements were solved by discussion. Abstracts that did not
provide sufficient information about the inclusion and exclusion criteria were evaluated in
full text. Finally, full texts were evaluated in duplicate independently (LSA and SNR).
Disagreements were resolved by personal discussion between the reviewers to agree or

consult with a third independent reviewer (CLA).

Data Collection Process

A coded data sheet was used to extract the data of interest to the study. The variables
related to cardiorespiratory capacity, muscle strength, balance, and flexibility before and
after interventions with aerobic training programs in the aquatic environment and their
respective comparator groups were collected. In addition, the following information was
collected: publication information (i.e., authors, year of publication, journal, and country),
participants’ characteristics (i.e., sample size, age, sex, anthropometric characteristics,
and level of training), characteristics of training programs (i.e., modality/exercises,
program duration, frequency, intensity prescription parameter, intensity, session
duration). Figure data were extracted using the WebPIlotDigitizer software (version 4.6,

Pacifica, CA, USA). The data extraction process was conducted in duplicate by
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independent reviewers (LSA and SNR). Disagreements were resolved by personal
discussion between the reviewers to reach an agreement. Authors were contacted when

any data was not found in the full text.

Study Quality Assessment

The methodological quality of the studies was assessed by the Tool for the Assessment
of Study Quality and Reporting in Exercise (TESTEX) (56), specifically designed for use
in physical training studies. TESTEX is a 15-point scale (5 points for study quality and 10
points for reporting), in which the evaluators assigned each point as '1' or '0". The scale
uses 12 criteria, with some criteria scoring more than one possible point for a maximum
score of 15 points. The study quality criteria are: 1) Eligibility criteria specified; 2)
Randomization specified; 3) Allocation concealment; 4) Groups similar at baseline; 5)
Blinding of assessor (for at least one key outcome); while the criteria for the study
reporting are: 6) Outcome measures assessed in 85% of patients; 7) Intention-to-treat
analysis; 8) Between-group statistical comparisons reported; 9) Point measures and
measures of variability for all reported outcome measures; 10) Activity monitoring in
control groups; 11) Relative exercise intensity remained constant; 12) Exercise volume

and energy expenditure.

Two reviewers (LSA and MTC) independently assessed the quality of each of the
studies. Before the beginning of the evaluation process, a pilot test was carried out to
consolidate and clarify the instrument classification criteria among the reviewers.

Disagreements were resolved with discussion.
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Synthesis Methods

A separate meta-analysis for each review variable was performed using the Review
Manager software (version 5.4) when two or more studies reported the same outcome.
The effect measures were obtained through the mean, standard deviation, and sample
size. Meta-analyses were performed comparing 1) aquatic aerobic training and control
groups; 2) aquatic and land aerobic training; and 3) aerobic and combined aquatic
training. Studies were individually weighted using the inverse variance method under a

random-effects model to generate effect estimates.

Three studies presented a control period (5,6,29); thus, their data were included in the
meta-analyses that compared aquatic aerobic training programs versus control. In
addition, for the study by Kanitz et al. (29), oxygen consumption at the second
ventilatory threshold (VO2vt2) was considered the cardiorespiratory outcome because it
was the value available as a control. On the other hand, Silva et al. (54) and Héafele et
al. (22) had the same participants, so data from only one of them were included in the
meta-analyses comparing aerobic and combined training programs for cardiorespiratory
and muscle strength outcomes. Thus, the data from the study by Héafele et al. (22) were
chosen because they presented the outcomes closest to the gold standard. For studies
that presented more than one aerobic training program (5,6,16), groups were treated as

individual studies, and the sample of the comparator groups was divided.

The mean difference (MD) with 95% confidence intervals (Cl) was used for meta-

analyses when the included studies reported the results of the variables using the same
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measurement scale. At the same time, the standardized MD (SMD) with 95% CI was
calculated for variables that use different measures. Statistical heterogeneity was
measured by the x? and inconsistency (I2) tests. Heterogeneity was considered
significant based on p-measured value < 0.10 or 12 value > 40%. Sensitivity analyzes
were performed from the withdrawal of studies one by one to try to reduce
heterogeneity. With the withdrawals from Bocalini et al. (8, 9), a significant reduction in
heterogeneity was observed. Thus, the exclusion of these studies was carried out
considering the discrepancy between the characteristics of the aerobic programs and
the other studies since only the studies by Bocalini et al. (8,9) used upper and lower limb
devices (i.e., soft-cushioned hand-bars, leg pads, and aquatubes) during exercise. In

contrast, the others used only the overload of the environment (i.e., water).

RESULTS

Study Selection

The initial search included 2393 articles, and hand searches included three articles.
After removing 825 duplicates, 1571 titles and abstracts were read, of which 1530 were
not eligible. Of these, 40 full-text articles were evaluated for eligibility, of which 19 were
excluded (i.e., one for the type of study and 18 for the training characteristics), resulting
in 21 studies included in the qualitative synthesis and 15 in the quantitative synthesis
(meta-analysis). Of the six studies that were not included in the quantitative analysis,

four were due to not presenting any comparator groups (46,48,53,59) and two due to the
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strength and balance outcomes (26,63) defined in the inclusion criteria. A flow diagram

of the review process is in Figure 1.
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Figure 1. Flowchart of the article selection process.

Study characteristics

A summary of the characteristics of the included studies is shown in Table 1. Included
studies were from Brazil (5,6,8,9,12,21,22,29,41,48,53,54), Sweden (10), Portugal (16),

Australia (23), Iran (26), Japan (28), Mexico (34), Canada (59), USA (63), and Italy (46).



Table 1. Characteristics of the included studies.
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Outcomes
Study Sample Intervention Cardiores  Muscle  Balance/ . Main Findings
) - Flexibility
piratory strength Agility
Andrade et N: 41 Continuous Training VO2zpeak; Knee - - Both training programs
al. (6) Sex: Female X Interval Training VOovr; extension resulted in similar
Age: 64.3 + VOoyra: 1RM; incre_ases i_n '
3.1 years HR 1t Knee cardlorespl_ratory capacity
Time '[;) extension and lower limb muscle
exhaustio DME. strength.
n.
Andrade et N: 41 Continuous Training 6-min 30-s chair  Timed up- - Both training programs
al. (5) Sex: Female X Interval Training walk stand and-go resulted in similar
Age: 64.3 + increases in
3.1 years cardiorespiratory capacity
and lower limb muscle
strength. No difference
was observed for agility.
Bocalinietal. N: 72 Aquatic Training X VO2max Arm curl;  8-footup-  Chair sit- Both aquatic and land
(8) Sex: Female Land Training x 30-s chair and-go and- training programs
Age: 63.7 + Control stand. reach; improved
1.1 years* Back cardiorespiratory fitness,
scratch;  lower limb strength and

flexibility, and agility, with
greater increases in
cardiorespiratory fitness
and lower limb strength
and flexibility for aquatic
training. In addition, only
the aquatic training
program improved upper
limb strength and
flexibility. No change was
observed for the control
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group.
Bocalinietal. N: 50 Aquatic Training X VO2max; Arm curl;  8-footup-  Chair sit- The aquatic training
9) Sex: Female Control 800-m 30-s chair and-go; and-reach program improved
Age: > 62 walk. stand. Standing cardiorespiratory
years up on just capacity, muscle strength
one leg of upper and lower limbs,
without balance, agility, and
hopping. flexibility of lower limbs.
No change was observed
for the control group.
Bromanetal. N: 29 Aquatic Training X VO2max; - - - The aquatic interval
(10) Sex: Female  Control Work rate; training program
Age: 69 + 4 Ventilatory improved _
years volume; cardiorespiratory fitness
HRwo parameters. No change
e was observed for the
Resp;rator control group.
exchange
ratio.
Costa et al. N: 69 Aerobic Training x VO2peak; Knee - - The aerobic training
(12) Sex: Female Resistance Training VOoy12; extensors program is more efficient
Age: 66.1+ X Control (non- Time to and for improving
5.9 years* periodic water-based  gynaustio flexors cardiorespiratory
exercise program) n: 1RM; responses than the
HR et Shoulder res_is_tance training. Both
' horizontal training programs
HRvrz; flexors resulted in similar
HRpeak. 1RM. increases in lower limb
muscle strength. The
control group only
improved some
cardiorespiratory and
strength parameters.
Farinhaetal. N: 152 Continuous Training 2-minstep  Armcurl;  Timed up- Chair sit- Both aerobic training
(16) Sex: Female X Interval Training x 30-s chair and-go and- programs increased
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and Male Combined Training x stand; reach; cardiorespiratory fitness
Age: 72.3 + Control Hand grip. Back and lower and upper limb
5.2 years (n = scratch. muscle strength, while
92)* the combined training
program only increased
lower limb muscle
strength. Neither training
program improved agility
and lower and upper limb
flexibility. No change was
observed for the control
group.
Hafeleetal. N:41 Aerobic Training x VO2peak; Knee - - Both aquatic training
(22) Sex: Female Combined Training x VOoy1; extensors programs and control on
Age: Age: 65 control (non- VOu1z 1RM; land improved
+ 4 years periodized dance or Horizontal cardiorespiratory
gymnastics classes chest capacity; however, only
on land). press aquatic training programs
1RM enhanced the strength of
the lower limbs.
Hafeleetal.  N: 52 Aerobic Training x 6-min 30-s chair  8-footup  Chair sit- Both aquatic training
(21) Sex: Female Aerobic + Combined walk; stand and go and-reach programs and therapeutic
Age: 66.2+  Training x Control HRest exercises improved
4.0 years (therapeutic aquatic cardiorespiratory capacity
sessions) and lower limb strength,
with no change in agility
and lower limb flexibility.
Haynes etal. N: 40 Aquatic Training x VO2max; - - - Both aquatic and land
(23) Sex: Female Land Training x HRmax; training programs
and Male Control (seminars) Time to showed similar
Age: 62.5 exhaustio imprpveme_nts in
6.8 years (n n. cardlo_resplratory
= 71)* capacity. No change was
observed for the control
group.
Irandoust et N: 40 Aquatic Training X - - Tinetti - Both training programs
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al. (26) Sex: Female Land Training x Performan revealed improvement in
and Male Aquatic Control x ce balance compared to
Age: 65 + 4.9 Land Control Oriented controls, with no
years Mobility difference between them.
Assessme
nt
Kanedaetal. N: 46 Normal water - - Postural- Both training programs
(28) Sex: Female exercise (water sway improved different
and Male walking, water- distance; aspects of balance.
Age: 60.7 + resistance training Postural- Normal Water Exercise
4.1 years (n = using a kickboard, sway improved postural-sway
30) and other water- area; area and Deep Water
walking exercises) x Tandem- Running improved
Deep water running walking postural-sway d|§tance
time. and tandem walking.
Kanitz et al. N: 34 Aerobic Training x VO2opeak Knee - Both training programs
(29) Sex: Male Combined Training VOyyr2 extensors improved
Age: 65.2 + HR st and cardiorespiratory
3.8 years flexors capacity and muscle
1RM; strength. Aerobic training
Knee was more efficient in
extensors improving
and cardiorespiratory fitness
flexors than combined training,
DME: with similar increments in
’ muscle strength
responses.
Martinez et N: 26 Aquatic Training x - Lifting Lifting the The aquatic aerobic
al. (34) Sex: Female Control from the chair and training program
Age: 67.5 + sitting walk by improved functional
5.0 years* position the house autonomy (i.e., the
(GDLAM (GDLAM General GDLAM index).
protocol) protocol) No change was observed
for the control.
Pernambuco N: 84 Aquatic Training X - Lifting Lifting the The aquatic aerobic
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et al. (41) Sex: Female Control from the chair and training program
Age: 66.9 + sitting walk by improved agility and
3.7 years* position the house functional autonomy (i.e.,
(GDLAM (GDLAM the general GDLAM
protocol) protocol) index). No change was
observed for the control
group.
Raffaellietal. N: 34 Aquatic Training (A VOzmax -  Leg-curl 1 Flamingo Sit-and-  The aquatic aerobic
(46) Sex: Female single group) estimated RM; balance reach training program
Age: 26.4 + based on Leg- Back imprpved _
3.8 years the step extension stretch cardlo_resplratory
test. 1 RM; capacity, muscle
Pectoral strength, and balance,
machine with no change in upper
1RM: and lower limb flexibility.
Sit-up
DME;
Push-up
DME.
Reichert et N: 36 Continuous Training 6-min Arm curl, 8-footup  Chair sit- Both aquatic training
al. (48) Sex: Female X Interval Training walk 30-s chair and go and- programs resulted in
and Male stand. reach; similar increases in
Age: 67.9 + Back cardiorespiratory
5.5 years (n = scratch. qapacity, upper and lower
25)* Ilm_b_ muscle s_trength,
agility/dynamic balance,
and lower limb flexibility,
with no change in upper
limb flexibility.
Silva et al. N: 41 Aerobic Training x 6-min 30-s chair  8-foot up - Both aquatic training
(54) Sex: Female Combined Training x walk stand and go programs and control on
Age: 65 + 4 Control (non- land improved
years periodized dance or cardiorespiratory

gymnastics classes

on land).

capacity, lower limb
strength, and
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agility/dynamic balance.

Silva et al. N: 40 Depression group X - - Timed up- Chair sit-  The aquatic exercise
(53) Sex: Female Non-depression and-go; and-reach program did not change
and Male group Berg the balance, agility, and
Age: 58.5 + balance flexibility in the non-
7.8 years (n scale. dep_ression group after
= 36)* the intervention.
Tenorio & N: 8 Aquatic Training (A Maximum - - - The aquatic aerobic
Loureda (59) Sex: Female single group) aerobic training program
and Male speed; promoted in maximum
Age: 25-40 Test aerobic speed and test
years duration. duration increases in
seven of the eight
individuals studied.
White & N: 18 Aquatic Training X - Peak - - The aquatic aerobic
Smith (63) Sex: Female Control torque of training program
and Male knee and improved lower and
Age: 28.7 + elbow upper limb muscle
5.4 years* extensors strength. No change was
and observed for the control.
flexors;
Peak
torque of
shoulder
adductors
and
abductors.

* Indicates that a weighted average was performed with the age data available in the article; DME = dynamic muscular endurance;

GDLAM = Group of Latin American Development for the Maturity; HRmax = maximal heart rate; HRst = resting heart rate; VOomax =

maximal oxygen uptake; VOzpeak = peak oxygen uptake; VOoyr1 = oxygen uptake in the first ventilatory threshold; VO2vr2 = oxygen

uptake in the second ventilatory threshold; 1RM = one-repetition maximum.
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Of the 20 studies, 12 studies included only female participants (5,6,8-
10,12,21,22,34,41,46,54), one study included only male participants (29), and eight
studies had both (16,23,26,28,48,53,59,63). The sample of studies consisted of older
adults for most of the studies (5,6,8-10,12,16,21-23,26,28,29,34,41,48,53,54) or young

adults (46,59,63)

Regarding the comparator groups, 11 studies had control groups; of these, seven had
traditional control groups with no exercise (8-10,16,34,41,63). In the study by Haynes et
al. (23), participants in the control group attended the university to participate in
seminars unrelated to physical activity or health promotion once every six weeks. The
study by Irandoust et al. (26) was composed of two control groups, the aquatic control
group sat by the pool and talked to each other, and the land control group sat on chairs
near the gym and talked to each other. Four studies had active control groups; in three
studies, the participants performed non-periodized activities in the aquatic (12) or land
environment (22,54), and in one study, control participants performed therapeutic
sessions in the aquatic environment (21). In addition, three studies had a control period

(5,6,29).

Three studies presented exercise comparator groups in the land environment (8,23,26).
Six studies presented comparator groups of different training models in the aquatic
environment; of these, five were combined training programs (16,22,28,29,54) and one
resistance training program (12). Additionally, four studies compared continuous and
interval aerobic training programs in the aquatic environment (5,6,16,48). The study by

Silva et al. (53) was composed of a group of depressive and another of non-depressive
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individuals, with only the non-depressive group being included in the qualitative

synthesis. Finally, two studies presented a single group (46,59).

Of the 20 studies, 15 measured cardiorespiratory fitness; of these, eight by maximum
incremental tests with oxygen consumption (6,8-10,12,22,23,29), and seven by
functional tests (5,9,16,21,46,48,54). In addition, Tenorio & Loureda (59) study

evaluated the cardiorespiratory capacity from a maximal indirect test.

Fifteen studies measured muscle strength; five used 1RM tests (6,12,22,29,46), three
used dynamic muscular endurance tests (6,29,46), and one evaluated concentric peak
torque (63). Seven studies measured lower limb strength by 30-s chair stand tests
(5,8,9,16,21,48,54), two studies by 5-chair stand tests (34,41), and four measured upper
limb strength by 30-s arm curl tests (8,9,16,48). Additionally, Farinha et al. (16)

evaluated handgrip strength.

Balance was assessed in 13 studies. Eleven studies measured agility/dynamic balance,
eight by Timed Up and Go or 8-Foot Up and Go tests (5,8,9,16,21,48,53,54), two by
agility test of GDLAM protocol (34,41) and one by tandem walking test (28). Additionally,
three studies assessed static balance using postural sway tests (28) or participants'
ability to stand on one leg (9,46). Furthermore, Irandoust et al. (26) assessed balance
with the help of the instrument Tinetti Performance Oriented Mobility Assessment, while

Silva et al. (53) used the Berg Balance Scale.
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Flexibility was assessed in seven studies, all of which measured lower limb flexibility

(8,9,16,21,46,48,53) and four also measured upper limb flexibility (8,16,46,48).

Table 2 presents the characteristics of the aquatic aerobic training programs. Regarding
the mode of exercise, 13 studies comprised water-based exercises in shallow pool (5,6,
8,9,12,16,21,22,41,46,53,54,63), four studies deep water running (10,29,48,59), and
one study water walking (23). In addition, one study combined walking and water-based
exercises in a shallow pool (26), one study combined water walking and deep water

running (28), and one did not specify the exercises performed (34).



Table 2. Characteristics of the aquatic aerobic training programs.
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Study

Mode of exercise

Volume

Intensity

Andrade et al. (5,6)

Water-based
exercises in shallow
pool

Duration: 12 weeks
Frequency: 2 times per
week

Session duration: 44 min (4
min — warm-up, 36 min —
main part, 4 min — cool-down)

Continuous:

Weeks 1-4 — RPE 13

Weeks 5-8 — RPE 14

Weeks 9-10 — RPE 15

Weeks 11-12 — RPE 16

Interval:

Weeks 1-4 — 9 x (2 min RPE 16 + 2 min RPE 11)

Weeks 5-8 — 12 x (1.5 min RPE 17 + 1.5 min RPE
11)
Weeks 9-12 — 18 x (1 min RPE 18 + 1 min RPE 11)

Bocalini et al. (8,9)

Water-based
exercises in shallow
pool

Duration: 12 weeks
Frequency: 3 times per
week

Session duration: 60 min
(10 min — warm-up, 45 min —
main part, 5 min — cool-down)

70% HRmax (age-predicted)

Broman et al. (10)

Deep water running

Duration: 8 weeks
Frequency: 2 times per
week

Session duration: 48 min (7
min — warm-up, 30 min —
main part, 7 — cool-down)

1st block: 2 x 3 min 75% HRmax + 2 min 80% HRmax +
(40 s work:20 s rest)

2nd block: 2 x 3 min 75% HRmax + 2 min 85% HRpax
+ (20 s work:20 s rest)

3rd block: 3 x 1 min 75% HRmax + 2 min 85% HRmax
+ (15 s work:15 s rest)

Costa et al. (12)

Water-based
exercises in shallow
pool

Duration: 10 weeks
Frequency: 2 times per
week

Session duration: 45 min
(30 min — main part)

Weeks 1-5 — 6 x (4 min 90-95% HRar + 1 min 80-
85% HRaT)

Weeks 6-10 — 6 x (4 min 95-100% HRar + 1 min 85-
90% HRaT)

Farinha et al. (16)

Water-based
exercises in shallow

Duration: 28 weeks
Frequency: 2 times per

Continuous: 60-70% HRmax.
Interval: stimulus of 30 s at 70-80% HRmax +
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pool

week

Session duration: 45 min
(10-15 min — warm-up, 20-30
min — main part, 5-10 min —
cool-down)

intervals of 1 min at 60-70% HRmax.

Héfele et al. (22)
Silva et al. (54)

Water-based
exercises in shallow
pool

Duration: 12 weeks
Frequency: 2 times per
week

Session duration: 24-27 min
— main part

Weeks 1-3 — 85-90% HRaT
Weeks 4-6 — 90-95% HRaT
Weeks 7-9 — 95-100% HRaT

Weeks 10-12 — 12 x (1 min 105-110% HRar + 1 min
80-85% HRar)

Héfele et al. (21)

Water-based
exercises in shallow
pool

Duration: 16 weeks
Frequency: 2 times per
week

Session duration: = 45 min
(5 min — warm-up, 36 min —
main part, 5 min — cool-down)

Weeks 1-2 — 80—-85% HRat

Weeks 3—4 — 85-90% HRat

Weeks 5—-7 — 90-95% HRat

Weeks 8-10 — 95-100% HRat

Weeks 11-13 — 2 min 100-105% HRar + 1 min RPE
13

Weeks 14-16 — 2 min 105-110% HRat + 1 min RPE
13.

Haynes et al. (23)

Walking in shallow
pool

Duration: 24 weeks
Frequency: 3 times per
week

Session duration: 15-50
min.

15 min of exercise at 40%-45% HRes, building to 50
min at 55%-65% HR.s over the course of the study,
with 1 interval and 2 continuous exercise sessions
per week.

Irandoust et al. (26)

Walking and water-
based exercises in
shallow pool

Duration: 8 weeks
Frequency: 3 times per
week

Session duration: 50 min
(20 min — warm-up, 30 min —
main part, 10 min — cool-
down)

Weeks 1-4 — 50% HRmax
Weeks 5-8 — 60% HRmax

Kaneda et al. (28)

Water walking and
deep water running

Duration: 12 weeks
Frequency: 2 times per
week

NR
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Session duration: 80 min
(20 min — warm-up on land;
20 min — water walking
exercise; 30 min — deep
water running, 10 min — rest
on land; and 10 min —
recreation and relaxation in
the water)

Kanitz et al. (29)

Deep water running

Duration: 12 weeks
Frequency: 3 times per
week

Session duration: 45 min
(30 min — main part)

Weeks 1-4 — 6 x (4 min 85-90% HRar + 1 min <
85% HRAaT)

Weeks 5-8 — 6 x (4 min 90-95% HRar + 1 min <
85% HRAarT)

Weeks 9-12 — 6 x (4 min 95-100% HRar + 1 min <
85% HRaT)

Martinez et al. (34)

Not specified

Duration: 12 weeks
Frequency: 5 times per
week

Session duration: 50 min
(20 min — warm-up, 30 min —
main part, 10 min — cool-
down

Weeks 1-6 — 40-50% HRyes
Weeks 7-12 — 50-60% HRes.

Pernambuco et al.
(41)

Water-based
exercises in shallow
pool

Duration: 8 months
Frequency: 2 times per
week

Session duration: 50 min
(five phases of 7 min — main
part, 5 min — cool down)

NR

Raffaelli et al. (46)

Water-based
exercises in shallow
pool

Duration: 9 weeks
Frequency: 2 times per
week

Session duration: 45 min
(20 min — warm-up, 30 min —
main part, 5 min — cool-down)

Weeks 1-2 —intensity “moderate” (i.e., musical
cadence at 110-120 bpm; 120-130 bpm; 130-140
bpm)

Weeks 3-5 — intensity “moderate” to “hard” (i.e.,
musical cadence at 120-130 bpm; 130-140 bpm)
Weeks 6-9 — intensity “hard” (i.e., musical cadence
at 130-140 bpm).
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Reichert et al. (48)

Deep water running

Duration: 28 weeks
Frequency: 2 times per
week

Session duration: 45 min (5
min — warm-up; 30-36 min -
main part, 4-10 min cool-
down)

Continuous:

Weeks 1-4 — RPE 13

Weeks 5-8 — RPE 15

Weeks 9-12 — RPE 16

Weeks 12-16 — RPE 13

Weeks 17-20 — RPE 15

Weeks 21-24 — RPE 16

Weeks 25-28 — RPE 17

Interval:

Weeks 1-4 — 10 x (2 min RPE 15 + 1 min RPE 11)
Weeks 5-8 — 6 x (4 min RPE 17 + 1 min RPE 11)
Weeks 9-12 — 7 x (4 min RPE 17 + 30 s RPE 11)
Weeks 12-16 — 10 x (2 min RPE 15 + 1 min RPE 11)
Weeks 17-20 — 6 x (4 min RPE 17 + 1 min RPE 11)
Weeks 21-24 — 7 x (4 min RPE 17 + 30 s RPE 11)
Weeks 25-28 — 12 x (2 min RPE 18 + 1 min RPE 15)

Silva et al. (53)

Water-based
exercises in shallow
pool

Duration: 12 weeks
Frequency: 2 times per
week

Session duration: 45 min (5
min — warm-up, 40 min —
main part, 5 min — cool-down)

50% — 60% HRmax Or a Borg scale score of 13 to 14
points — 36 x (30 s with 10 s intervals)

Tenorio & Loureda
(59)

Deep water running

Duration: 8 weeks
Frequency: 3 times per
week

Session duration: 19-48 min

First session of the week: sets (i.e., 7-16 sets
throughout training) of 1 min at 85% HRmax + 1 min
at 50% HRmax

Second session of the week: sets (i.e., 4-9 sets
throughout training) 2 min at 80% HRmax + 2 min at
50% HRmax

Third session of the week: (i.e., 3-7 sets throughout
training) 3 min at 75% HRmax + 3 min at 50% HRmax

White & Smith (63)

Water-based
exercises in shallow

Duration: 8 weeks

70-75% HRyes




106

pool Frequency: 3 times per
week
Session duration: 50 min (5
min — warm-up, 40 min —
main part, 5 min — cool-down)

bpm = beats per minute; HRar = heart rate in the anaerobic threshold; HRmax = maximal heart rate; HRs = reserve heart rate; NR =

non reported; RPE = rating of perceived exertion.
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The duration of the programs ranged from 8 weeks (10,26,59,63) to 8 months (41), with
most studies lasting 12 weeks (5,6,8,9,22,28,29,34,53,54). Regarding frequency, most
studies had two weekly sessions (5,6,10,12,16,21,22,28,41,46,48,53,54), seven studies
had three weekly sessions (8,9,23,26,29,59,63), and one had five weekly sessions (34).
Regarding the session duration, most studies had sessions between 45 to 60 min (5,6,8-

10,12,16,21,26,29,34,41,46,48,53,63).

Concerning intensity prescription parameters, 13 studies used the heart rate (HR). Six of
them used percentages of the HRmax (8-10,16,26,59), three used percentages of the
reserve HR (HRres) (23,34,63), and four percentages of the HR in the anaerobic
threshold (HRat) (12,22,29,54). Two studies used HR and rating of perceived exertion
(RPE) together: Héafele et al. (21) used %HRAaT, and Silva et al. (53) %HRmax. In addition,
RPE was the parameter used in three studies (5,6,48). Still, one study used musical

cadence (46), and two did not report whether there was intensity control (28,41).

Aquatic Aerobic Training versus Control

Forest plots of the comparison between aquatic aerobic training programs and control
for cardiorespiratory fitness are shown in Figure 2. Eight studies measured
cardiorespiratory capacity by VO2max (6,8-10,12,22,23,29), and the pooled results
demonstrated that aquatic aerobic training programs significantly increase VO2max (MD =
5.18 ml.kgt.mint; 95% CI 2.51 to 7.85; see Figure 1, Supplemental Digital Content 2)
compared to control groups. However, a high heterogeneity between studies was found

(p < 0.001; I? = 91%). Based on the sensitivity analysis, the studies by Bocalini et al.
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(8,9) seem to be a source of heterogeneity, thus removing these studies nullified the
heterogeneity (p = 0.58; 1> = 0%), maintaining the significant effect in favor of aquatic
aerobic training (MD: 3.32 ml.kgt.min; Cl 95% 2.48 to 4.16; Figure 2A). Five studies
measured cardiorespiratory capacity by functional tests (5,9,16,21,54), and the pooled
results showed an effect in favor of aquatic aerobic training (SMD = 0.45; 95% CI 0.04 to
0.86; p for heterogeneity = 0.11; I1° = 42%; see Figure 1, Supplemental Digital Content 2)
compared to control groups. However, with the removal of the study by Bocalini et al.
(9), this improvement in cardiorespiratory capacity became non-significant (SMD: 0.27;

95% IC -0.08 to 0.62; p for heterogeneity = 0.58; 1> = 0%; Figure 2B).

Favours Control Control Mean Difference Mean Difference

A _Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Andrade etal. (2020 [6] - CTG 246 34 13 -011 316 6 T1% 2.87 [-0.56, 5.70] T
Andrade et al. (2020) [6] - ITG 194 564 9 -011 3186 B 35% 2.05[-2.42,6.52) —
Broman et al. (2006) [10] 27 1B 15 0.8 281 9 17.4% 1.90 [0.11, 3.91] |
Costaetal. (2018)[12] 486 445 23 -019 542 23 85% 4.79[1.92, 7.66)
Hafele et al. (2022) [22] 46 247 13 1.21 262 9 148% 3.39[1.21,5.57) B —
Haynes et al. (2020) [23] 13 374 20 17 282 18 16.3% 3.00[0.93,5.07) e
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Total (95% CI) 109 106 100.0% 3.32[2.48, 4.16] &
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Figure 2. Random effects meta-analysis comparing aquatic aerobic training programs
and control groups on cardiorespiratory capacity by maximal oxygen uptake (A) and
functional tests (B). SD = standard deviation; CTG = continuous training group; ITG =

interval training group.
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Forest plots of the comparison between aquatic aerobic training programs and control
for muscle strength of lower limbs variables are shown in Figure 3. Four studies
measured muscle strength by 1RM tests (Figure 3A) (6,12,22,29), and eight assessed
muscle strength by functional tests (Figure 3B) (5,8,9,16,21,34,41,54). The pooled
results showed that the aquatic aerobic training programs significantly increased the
muscle strength evaluated by 1RM of knee extensors compared to the control (MD =
3.03 kg; 95% CI 1.62 to 4.44; p for heterogeneity = 0.34; 12 = 11%; Figure 3). Regarding
functional outcomes, the pooled results demonstrated increased muscle strength in
lower limbs (SMD = 1.68; 95% CI 0.80 to 2.56; p for heterogeneity < 0.001; 12 = 90%;
see Figure 2, Supplemental Digital Content 2). Removing studies by Bocalini et al. (8,9),
the heterogeneity became null (p = 0.74; 12 = 0%), maintaining the effects in favor of
aguatic aerobic training on muscle strength (SMD: 0.79; 95% CI 0.51 to 1.06; Figure

3B).
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Training Control Mean Difference Mean Difference

A Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
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Figure 3. Random effects meta-analysis comparing aquatic aerobic training programs
and control groups on the muscle strength of lower limbs measured by one-repetition
maximum test (A) and functional tests (B). SD = standard deviation; CTG = continuous

training group; ITG = interval training group.

There were not enough studies to perform meta-analyses for the static balance variable.
For agility/dynamic balance, the meta-analysis comparing aerobic training programs and
control included eight studies (5,8,9,16,21,34,41,54). Pooled results demonstrated
improvement in agility/dynamic balance in the training group compared to the control
group (SMD = 0.63 seconds; 95% CI 0.11 to 1.16; p for heterogeneity < 0.001; 12 = 77%;
see Figure 3, Supplemental Digital Content 2). Removing studies by Bocalini et al. (8,9),
the heterogeneity has become moderate; however, this agility/dynamic balance
improvement became non-significant. (SMD: 0.34; Cl 95% -0.04 to 0.72; p for

heterogeneity = 0.08; 12 = 45%; Figure 4).



111
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Figure 4. Random effects meta-analysis comparing aquatic aerobic training programs
and control groups on agility/dynamic balance. SD = standard deviation; CTG =

continuous training group; ITG = interval training group.

For flexibility, the meta-analysis comparing aerobic training programs and control
included four studies (8,9,16,21). The pooled results showed no difference between
aquatic aerobic training and control for the lower limb flexibility (MD = 3.39 cm; 95% CI -
1.22 to 8.00; p for heterogeneity < 0.001; 12 = 95%; see Figure 4, Supplemental Digital
Content 2). Removing the studies by Bocalini et al. (8,9), the heterogeneity became
moderate (p = 0.09; 12 = 58%), maintaining the same result without difference between

aerobic training and control (MD: -0.48 cm; 95% IC -4.50 to 3.54; Figure 5).
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Figure 5. Random effects meta-analysis comparing aquatic aerobic training programs

and control groups on the flexibility of lower limbs. SD = standard deviation; CTG =

continuous training group; ITG = interval training group.
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Agquatic Aerobic Training versus Land Aerobic Training

A Forest plot of the comparison between aquatic and land aerobic training programs for
cardiorespiratory fitness is shown in Figure 6. Two studies compared gains in
cardiorespiratory capacity between aerobic training programs in water versus on land
(8,23). Pooled results indicated no difference between aerobic training programs
performed in water and on land (MD: 3.23 ml.kgt.min?t; 95% CI -2.45 to 8.91), with
substantial heterogeneity (p < 0.001; 12 = 91%). An insufficient number of studies were
included to perform meta-analyses comparing aquatic and land training programs for

strength, balance, and flexibility variables.
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Figure 6. Random effects meta-analysis comparing aquatic and land aerobic training
programs on cardiorespiratory capacity. SD = standard deviation.

Aquatic Aerobic Training versus Combined Aquatic Training

Six studies compared aerobic training programs with different training models in the
aguatic environment. Five studies used combined training (16,22,28,29,54) and another
one used resistance training (12). Therefore, it was possible to perform meta-analyses
only comparing aerobic and combined training programs. Forest plots of the comparison

between aerobic and combined training programs for cardiorespiratory fitness, muscle
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strength, and agility/dynamic balance variables are shown in Figure 7. Three studies
measured cardiorespiratory capacity by comparing aerobic versus combined training
programs (16,22,29). Pooled results indicated that aerobic-only training programs
showed more significant increments than combined training programs (SMD: 0.58; 95%
Cl 0.15 to 1.01), with non-significant heterogeneity (p = 0.20; 12 = 36%). The same three
studies were included in the meta-analysis of lower limb muscle strength (16,22,29); on
the other hand, the pooled results showed no difference between the aerobic and
combined training models for this variable (SMD: -0.04; 95% CI -0.38 to 0.30; p for
heterogeneity = 0.57; 1> = 0%). Concerning agility/dynamic balance, three studies were
included in the meta-analysis (16,28,54), and no difference was demonstrated between
the aerobic and combined training models (SMD = 0.17; Cl 95% -0.18 to 0.51; p for
heterogeneity = 0.86; 1> = 0%). There were not enough studies to perform meta-
analyses to compare aerobic and combined training programs for the static balance and

flexibility variables.
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Figure 7. Random effects meta-analysis comparing aerobic and combined aquatic
training programs on cardiorespiratory capacity (A), muscle strength of lower limbs (B),
and agility/dynamic balance (C). SD = standard deviation; CTG = continuous training

group; ITG = interval training group.

Study Quality Assessment

Table 3 presents the quality of the included studies. Of the total of 15 possible points on
the TESTEX scale, the quality of the studies ranged from 3 to 13 points. Item 10
evaluated the monitoring of activities in control groups; thus, in those studies in which
the comparator groups were composed of other types of control besides the traditional

one without exercise, this criterion was considered not applicable.
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Study C1 Cc2 C3 Cc4 C5 co6* cr C8* (C9 Cl10 Ci11 C12 Overall
Andrade et al. (6) 1 1 1 1 1 2 1 2 1 NA 1 1 13
Andrade et al. (5) 1 1 1 1 1 2 1 2 1 NA 1 1 13
Bocalini et al. (8) 1 0 0 1 0 1 0 2 1 0 0 1 7
Bocalini et al. (9) 1 0 0 1 0 2 0 2 1 0 0 0 7
Broman et al. (10) 1 0 0 0 0 3 0 2 1 0 0 1 8
Costa et al. (12) 1 1 1 1 1 2 1 2 1 NA 1 1 13
Farinha et al. (16) 1 1 1 1 1 1 0 2 1 0 0 1 10
Hafele et al. (22) 1 0 0 1 1 1 0 2 1 NA 1 1 9
Hafele et al. (21) 1 1 1 1 1 2 1 2 1 NA 1 1 13
Haynes et al. (23) 1 0 0 1 0 1 1 2 1 1 1 1 10

Irandoust et al. (26) 1 0 0 1 0 1 0 2 0 0 1 1 7
Kaneda et al. (28) 1 0 0 1 0 1 0 2 1 NA 0O 0 6
Kanitz et al. (29) 1 1 1 1 1 1 0 2 1 NA 1 1 11
Martinez et al. (34) 1 0 0 1 0 0 0 2 1 0 1 0 6
Pernambuco etal. (41) 1 1 0 1 0 1 0 2 1 0 0 0 7
Raffaelli et al. (46) 1 0 0 0 0 2 0 0 1 NA 1 1 6




Reichert et al. (48) 1 0 0 1 0 0 0 2 1 NA 1 1 7
Silva et al. (54) 1 0 0 1 1 1 0 2 1 NA 1 1 9
Silva et al. (53) 1 0 0 0 0 0 0 0 1 NA O 1 3

Tenorio & Loureda (59) 1 0 0 0 0 0 0 0 0 NA 1 1 3

White & Smith (63) 1 0 0 1 0 0 0 2 1 0 0 1 6

TESTEX = Tool for the assEssment of Study qualiTy and reporting in Exercise; C1 = Eligibility criteria specified; C2 =
Randomization specified; C3 = Allocation concealment; C4 = Groups similar at baseline; C5 = Blinding of assessor; C6 =

Outcome measures assessed in 85% of patients - *three points are possible: one point if adherence >85%, one point if

adverse events are reported, and one point if exercise attendance is reported; C7 = ‘Intention-to-treat’ analysis; C8
Reporting of between-group statistical comparisons - **two points are possible: one point if the primary outcome is reported
and one point if secondary outcomes are reported; C9 = Point measures and measures of variability for all reported outcome
measures; C10 = Activity monitoring in control groups; C11 = Relative exercise intensity remained constant; C12 = Exercise

volume characteristics and energy expenditure; NA = not applicable.
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DISCUSSION

This systematic review with meta-analysis summarizes the effects of aquatic aerobic
training on the physical capacity outcomes of young and older adults. Most studies
included in the systematic review had a sample of older adults. In turn, the performed
meta-analyses exclusively included studies with this population; therefore, our results
are more widely generalizable to adults over 60. According to our results, aquatic
aerobic training programs were superior to control (i.e., no exercise; sham; non-
periodized activities; health education) in improving cardiorespiratory capacity and
muscle strength, with no difference in agility/dynamic balance and flexibility. In addition,
similar responses in cardiorespiratory capacity were observed in aquatic aerobic training
programs compared to land programs. Regarding comparing aerobic and combined
training programs, aerobic training was superior to combined training in improving
cardiorespiratory responses, with similar increments in lower limb muscle strength and

agility/dynamic balance.

Our findings demonstrate that cardiorespiratory fitness, as measured by VO2max, can be
improved after aquatic aerobic training programs. We observed in the present synthesis
an MD of 3.32 ml.kgt.min'! after aquatic training programs of 8 to 24 weeks compared
to control. On the other hand, the improvement in cardiorespiratory capacity measured
by functional tests was not significant. This result can be attributed to the fact that two
studies included in the analysis of functional tests had control groups composed of non-
periodized (54) and therapeutic exercises (21) that also positively affected

cardiorespiratory capacity. In addition, the number of studies included in the meta-
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analysis for VO2zmax was greater than for functional outcomes, and VO:2max can be
considered the closest outcome to the gold standard. Therefore, we consider aerobic
training programs in the aquatic environment effective in improving cardiorespiratory
capacity. Thus, the present findings may reflect great clinical benefits, considering that
low cardiorespiratory fithess has been explored as a predictor of all-cause mortality and

cardiovascular events in healthy men and women (17,18).

In the comparison between aquatic and land training programs, the results
demonstrated similar gains in cardiorespiratory capacity. This is an important finding of
the present study, as it indicates that training programs in the aquatic environment can
be as effective as aerobic training programs in the land environment in improving
cardiorespiratory capacity. Therefore, the practitioner benefits from the positive effects of
physical exercise in an environment with greater osteoarticular safety (1,2), a
characteristic that favors adherence to aquatic exercise programs for older individuals or

those with some difficulty performing exercises on land.

The findings related to comparing aerobic and combined training programs
demonstrated that aerobic training was superior to combined training in improving
cardiorespiratory responses. It is important to analyze some characteristics of the
training programs included in the meta-analysis that may explain such findings. Two of
the included studies had resistance exercises performed before aerobic exercises in
combined training programs (22,29), which may have caused residual fatigue in the
muscles involved during the resistance exercises and subsequently impaired the aerobic

part performance. In the third included study (16), although aerobic exercises were
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performed before strength exercises in combined training, the total time of aerobic and
combined training sessions was equalized. Thus, the aerobic group remained twice as
long in aerobic exercises as the combined group (i.e., aerobic groups = 30 min of
aerobic exercise; combined group = 15 min of aerobic exercise and 15 min of resistance
exercises). Additionally, it is noteworthy that aquatic resistance programs alone are not

efficient in improving cardiorespiratory capacity (12).

As we expected, in addition to improvements in cardiorespiratory parameters, the results
of the present study demonstrated that aquatic aerobic exercises promote increases in
muscle strength both in studies whose measurement was performed by 1RM or
functional tests. We observed in the present synthesis a MD of 3.03 kg after aquatic
training programs of 10 to 12 weeks. Regarding the functional results, we observed a
SMD of 0.79 in chair stand tests after training programs 12 weeks to 8 months. The
increase in muscle strength after aquatic training, even with specific aerobic prescription
and goals, can be attributed mainly to the overload imposed by the aquatic environment
due to the drag force generated by movement in the water (60). It is worth mentioning
here the factors that influence the drag force (Fd) from the general fluid equation, i.e., Fd
=0.5+Cd-p-*A-V? where Cd is the drag coefficient, p is the fluid density, A is the
projected area, and V is the velocity of movement (3). It is observed that the velocity of
movement strongly influences the drag force provided by the water since it is squared
and directly proportional to it. Therefore, aerobic exercises adequately prescribed can
generate enough stimulus to increase muscle strength. This characteristic is important,
as age-related progressive loss of strength and muscle mass is associated with many

adverse outcomes, including falls, disability, and mortality (13,27). In addition, we
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emphasize that aerobic training programs in the aquatic environment encompass
guidelines for older adults that suggest training programs that mainly include exercises
focused on cardiorespiratory capacity and muscle strength (11). Thus, we emphasize
that the increase observed in the maximum lower limb strength of the older adults was
evident in the first weeks of training (i.e., up to 12 weeks), while the improvement in
lower limb strength related to functionality was observed in programs from 12 weeks to

up to 8 months.

The meta-analysis comparing aerobic and combined training programs demonstrated
similar gains in lower limb muscle strength in older adults. In the study by Farinha et al.
(16), the training programs were carried out for 28 weeks, with the duration of the
sessions equalized (i.e., both aerobic and combined sessions lasted 30 min). In turn, the
studies by Héfele et al. (22), Kanitz et al. (29), and Silva et al. (54) also showed similar
increases in muscle strength after 12 weeks of aerobic and combined training, with the
aerobic component equal in both groups and additional blocks of resistance exercises in
the combined group. Additionally, Hafele et al. (21) demonstrated similar effects on
muscle strength after 16 weeks of aerobic training compared to a program of eight
weeks of aerobic exercise followed by eight weeks of combined training. Therefore, the
findings of the present review point to relevant practical implications since aerobic
training is sufficient to increase muscle strength and the most indicated to obtain the
best cardiorespiratory results, at least at the beginning of the training program. In
addition, aquatic aerobic training can be considered time efficient compared to

combined training by dispensing with specific blocks of resistance exercises.
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The findings of the current review demonstrated that aquatic aerobic training programs
were not able to generate a significant increase in agility/dynamic balance compared to
the control. Our results are similar to those of the meta-analysis of Saquetto et al. (52),
who also did not observe a significant increase in agility in response to aquatic training
in postmenopausal women. In disagreement, the results of other meta-analyses
observed an increase in agility after aquatic training programs (15,49,62). These
divergences may be related to the exercises used in the training programs since the
results of these meta-analyses were based on grouping different training models in
which they may have included a variety of exercises (i.e., exercises of the upper and
lower limbs for strength, endurance, balance, and flexibility, and different modes of
exercises such as water-based exercises, walking, and deep water running). It is
important to emphasize training principles, especially concerning the concept of
specificity. A training program that aims to increase balance must incorporate exercises
that simulate and provide a challenge for the successful performance of the task in
question (14). Thus, some exercises used in the training programs of the included

studies may not provide enough stimulus to improve agility/dynamic balance.

Regarding the comparison between aerobic and combined training programs, the results
of the meta-analysis showed no difference between the training models; however, it
should be noted that the three studies included (16,28,54) showed conflicting results.
Silva et al. (54) observed improvements in agility/dynamic balance after 12 weeks of
both training groups (i.e., aerobic and combined). While in the study by Farinha et al.
(16), none of the three training groups (i.e., continuous, interval, and combined) showed

change after 28 weeks. In turn, Kaneda et al. (28) found an increase in the dynamic



122

balance after aerobic training (i.e., a deep water running group - which consisted of
water walking and deep water running), with no differences in the combined training
(i.e., normal aquatic exercise group - which consisted of water walking, water-resistance

training using a kickboard, and other water-walking exercises).

In addition, it is essential to consider the findings of some studies included only in the
qualitative synthesis of the review. Reichert et al. (48) demonstrated improvement in
agility/dynamic balance after continuous and interval training programs using deep water
running. The improvement in body balance after deep water running training programs
can be provided due to the instability during the exercises since the subjects do not
have contact with the bottom of the pool. Regarding exercises in shallow water, there
are still divergences in the responses of these programs, with some findings revealing
improvement (8,9,41,46,54), while others demonstrate maintenance of balance ability
(5,16,21,53). These divergences can be attributed to the different exercises performed
in the training programs (e.g., running, kicking, sliding) that provide different levels of
instability, as well as participants' training status related to balance at the baseline of the

intervention.

The results of the meta-analysis on the flexibility of the lower limbs showed no difference
between the aquatic aerobic training and the control. From the qualitative synthesis of
the review, three studies showed improvement in flexibility after aerobic exercise
programs (8,9,48). It is noteworthy that although none of these studies had specific
flexibility exercises in the main part of the training, they all had stretching exercises as a

warm-up or cool-down. In contrast, four studies showed no difference after the aerobic
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training program (16,21,46,53); of these, two did not incorporate stretching exercises
into the relaxation training sessions (46,53). It is observed that there is a disagreement
about the effects of aerobic training programs on lower limb flexibility. However, the
improvement seen by some studies could be attributed to the stretching exercises used
as a warm-up or cool-down and was not just a result of the aerobic exercises used in the

main part of the training and the water characteristics.

Our study is not free of limitations. In addition to not including gray literature, our
eligibility had language restrictions. We emphasize it was impossible to perform meta-
analyses comparing results for strength, balance, and flexibility between aquatic and
land training programs and the flexibility between aerobic and combined training
programs. Likewise, not enough studies were found to perform meta-analyses, including
young adults. Considering that research on the cardiorespiratory and neuromuscular
effects of exclusively aerobic aquatic training gained emphasis only in the last decade,

this indicates a gap in the literature yet to be filled with original studies.

PRACTICAL APPLICATIONS

Most studies included in this systematic review had a sample of older adults; thus, the
meta-analyses carried out only included studies with this population. The results of the
meta-analyses indicate that aquatic aerobic exercises efficiently improve
cardiorespiratory capacity and muscle strength in older adults. Increases in
cardiorespiratory capacity were observed in training programs of 8 to 24 weeks.

Regarding lower limb muscle strength, the observed increase in maximal strength was
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evident in the first weeks of training (i.e., 10 to 12 weeks), while the improvement in
strength measured by functional tests was observed in programs from 12 weeks to 8
months. However, no significant differences were observed for agility/dynamic balance
and flexibility. The results also demonstrated that aerobic training programs in the
aguatic environment can be as effective as land-based training programs in improving
cardiorespiratory capacity. Furthermore, aerobic training was superior to combined
training in improving cardiorespiratory responses with similar increments in lower limb
muscle strength and agility/dynamic balance. From the qualitative synthesis of the
review, it was possible to observe that aquatic aerobic training programs can also
improve young adults’ cardiorespiratory capacity and muscular strength. In addition,
divergences were observed regarding the effects of aerobic training programs on

agility/dynamic balance in older adults.
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Table 1 — Complete database search strategy.

Database Search Strategy

PubMed

#1 “water-based exercis*’[tiab] OR “aquatic exercis*’[tiab] OR “head-out
water-based”[tiab] OR "water running"[tiab] OR “water walking”[tiab] OR
“‘water cycling’[tiab] OR “aquatic cycling”[tiab] OR “deep-water
running”[tiab] OR “water-based aerobic exercise’[tiab] OR “water aerobic
exercis*’[tiab] OR “underwater walking’[tiab] OR “underwater gait’[tiab]
OR “aquajogging”tiab] OR “hydrogymnastic*’[tiab] OR “water
exercise”[tiab]

#2 Review[ti] OR Cohort[ti] OR Cross-sectional[ti] OR Observationall[ti]
OR Case-control[ti OR "Case report"[t]i OR Meta-analysis[ti] OR
Synthesis[ti] OR Consensusti]

#1 NOT #2

Lilacs

“‘water-based exercise” OR “water exercise” OR "water running" OR
“‘water walking” OR “water cycling” OR “deep-water running” OR “deep
water OR “water-based aerobic exercise” OR “water aerobic exercise”
OR “aquatic exercise” OR “aquatic cycling” OR “underwater walking” OR
“underwater gait” OR (water AND exercise)

Embase

#1 'water based exercise'/exp OR 'deep water running'/exp OR 'aquatic
exercise'/exp OR ‘'aquatic exercise'’ OR ‘exercise, aquatic’ OR
‘underwater exercise'/exp OR 'water-based exercis*:ti,ab OR ‘'aquatic
exercis*:ti,ab OR ‘'head-out water-based"ti,ab OR 'water running'ti,ab
OR 'water walking':ti,ab OR 'water cycling"ti,ab OR 'aquatic cycling'ti,ab
OR 'water-based aerobic exercise':ti,ab OR 'water aerobic exercis*':ti,ab
OR ‘'underwater walkingtbab OR ‘'underwater gaittiab OR
aguajogging:ti,ab OR hydrogymnastic*:ti,ab OR 'water exercise':ti,ab

#2 'review":ti OR 'cohort:iti OR 'cross-sectional':ti OR 'observational':ti OR
‘case-control'ti OR 'case report'iti OR 'meta analysis"ti OR 'synthesis'ti
OR 'consensus'ti

#1 NOT #2
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Figure 1. Random effects meta-analysis comparing aquatic aerobic training programs

and control groups on cardiorespiratory capacity by maximal oxygen uptake (A) and

functional tests (B). SD = standard deviation; CTG = continuous training group; ITG =

interval training group.
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Figure 2. Random effects meta-analysis comparing aquatic aerobic training programs
and control groups on the muscular strength of lower limbs measured by functional tests
(B). SD = standard deviation; CTG = continuous training group; ITG = interval training

group.
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Figure 3. Random effects meta-analysis comparing aquatic aerobic training programs
and control groups on agility and dynamic balance. SD = standard deviation; CTG =

continuous training group; ITG = interval training group.
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Figure 4. Random effects meta-analysis comparing aquatic aerobic training programs

and control groups on flexibility of lower limbs. SD = standard deviation; CTG =

continuous training group; ITG = interval training group.
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Abstract

Background Physical properties of water cause physiological changes in the immersed
human body compared with the land environment. Understanding the magnitude of
cardiorespiratory alterations might ensure adequate intensity control during aquatic

exercise programs.

Objective We aimed to compare the oxygen uptake (VO2), heart rate (HR), and rating

of perceived exertion (RPE) parameters during aquatic and land incremental tests.

Methods Four databases (PubMed, LILACS, EMBASE, and SPORTDiscus) were
searched in September 2020. Eligibility criteria included studies in a crossover design
comparing aquatic and land incremental tests for healthy individuals with at least one of
the following parameters: VO2 (maximal, VO2zmax; anaerobic threshold, VO2ar), HR
(HRmax; HRAaT), and RPE (RPEmax; RPEAT). The random-effects meta-analysis included
mean difference and 95% confidence interval for VO2 and HR or standardized mean
difference for RPE. The Joanna Briggs Institute Critical Appraisal tool was adapted to
assess methodological quality.

Results Twenty-eight studies were eligible and included in the meta-analysis. Aquatic
protocols showed lower values compared with land for VO2max (= 7.07 mL.kg™t.min™%; -
8.43 to - 5.70; n = 502), VO2at (- 6.19 mL.kg™t.min™%; — 7.66 to — 4.73; n = 145), HRmax
(- 11.71 bpm; — 13.84 to — 9.58; n = 503), and HRat (- 15.29 bpm; — 19.05 to - 11.53; n
= 145). RPEmax (0.01; = 0.16 to 0.18; n = 299) and RPEaT (- 0.67; — 1.35t0 0.02; n =

55) values were similar between aquatic and land protocols.

Conclusions Our study reinforces the specificity of the environment during incremental
tests for prescribing exercises based on physiological parameters as VO2 and HR
parameters presented lower values in aquatic protocols than land protocols.
Conversely, RPE seems an interchangeable measure of exercise intensity, with similar

values during the protocols in both environments. Substantial levels of heterogeneity
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were present for the VO2max and HRmax meta-analyses, and as such, results should be
interpreted with attention.

Protocol Registration This study was registered in the International Prospective
Register of Systematic Reviews (PROSPERO; CRD42020212508).

Key points:

1. Cardiorespiratory parameters (i.e., maximal oxygen uptake, anaerobic thresholds
of oxygen uptake, maximal heart rate, and anaerobic thresholds of heart rate)
presented lower values during incremental protocols performed in the aquatic
environment compared with the land environment, while no difference was found
between protocols for the maximal rating of perceived exertion or rating of
perceived exertion anaerobic threshold.

2. Subgroup analyses based on the use of the ergometers indicated differences in
cardiorespiratory parameters between environments only for studies that
employed aquatic protocols without ergometers, while no difference was
observed for studies with aquatic ergometers.

3. Future studies that intend to compare protocols in water and land should pay
attention to the adequate reporting of methods.
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1. INTRODUCTION

Structuring an aerobic exercise program involves manipulating several variables; one of
them is the intensity, which deserves a fundamental consideration when tailoring an
aerobic exercise prescription and whose control is directly related to the effectiveness of
the exercise program [1]. Aerobic exercises are prescribed according to relative
intensity, designed to produce stress loads more equivalent in individuals with different

absolute physical capacities and allow predictable adaptive responses [2].

Among several parameters for monitoring the intensity, the main parameters are the
cardiorespiratory (i.e., percentage of maximal oxygen uptake, %V0O2max and percentage
of maximal heart rate, %HRmax), owing to their linear relationship with the intensity
during incremental exercise tests [3-5]. Cardiorespiratory parameters associated with
the anaerobic threshold can be used as a more precise and individualized method to
prescribe the intensity of aerobic exercises. The anaerobic threshold is the transition
point between the predominance of the aerobic to the anaerobic system [2,6]. In
addition, the rating of perceived exertion (RPE) is a practical possibility for intensity
control, which is directly related to %VO2max and %HRmax [7—10] and anaerobic
thresholds in several modes of exercise [11-13]. However, for these mentioned
parameters, the reference values might be influenced by factors such as the
environment, mode of exercise, and the ergometer used. Accordingly, the reference
value for tailoring a target training zone must be reached in a maximal test protocol that
considers the exercise’s specificity in real practice to avoid underestimated or

overestimated percentage values.

The aquatic environment offers an alternative possibility for physical training. Among the
modes of aquatic exercise, those performed in shallow or deep water (e.g., water-based
stationary exercises, shallow water running/walking, deep water running) or in aquatic
ergometers (e.g., treadmill or cycle ergometer), both in the vertical position, can be
highlighted. However, it should note that water immersion exposes the human body to
conditions different from those on land, causing physiological changes because of the
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action of specific physical properties of water [14, 15]. In summary, during
thermoneutral immersion in a vertical position, central volume expansion occurs,
increase in the cardiac output, and activation of cardiovascular mechanoreceptors,
causing a tonic inhibition in the flow of sympathetic nervous activity, which controls the
systemic circulation and renal function. Consequently, several hormonal changes occur,
such as reducing anti-diuretic hormones, greater atrial natriuretic peptide secretion, and
the suppression of hormonal axes with critical clinical repercussions, promoting diuresis

and natriuresis, aiming at the return of the basal plasma volume [14].

Therefore, during and post-aquatic training programs, the prescription and monitoring of
intensity and the cardiorespiratory adaptation assessment must consider these
physiological alterations. The VO2 and HR at maximal effort and anaerobic threshold
are intensity indicators widely used in the aquatic environment [16—20] and affected by
water immersion. Thus, it is a mistake to base the desired training percentage on those
obtained for land aerobic exercise protocols. Nevertheless, RPE is also widely used in
the aquatic environment [21, 22], but possible differences with the land environment still

need to be elucidated.

To demonstrate the magnitude of differences from land to water, since the 1990s,
studies with deep water running have compared the behavior of cardiorespiratory and
RPE parameters at the maximal and anaerobic threshold between the two
environments [23, 24]. More recently, aquatic-based ergometers [25, 26] and shallow
water exercises [27-29] have also been investigated to understand the effects of
immersion during incremental tests in different modes of exercise. Additionally, a recent
systematic review described specific testing properties for cardiorespiratory fitness
protocols used in the aquatic environment [30]. However, its purpose was not to

compare these responses with the land environment.

Despite a considerable amount of original research comparing VO2, HR, and RPE
parameters between incremental tests performed in the aquatic and land environments,

there has been no systematic review and synthesis of the current literature on this topic



142

to the best of the authors’ knowledge. Summarizing these differences can give better
guidance on the magnitude of responses in each environment. In addition, it is
necessary to verify if the effect of different modes of exercise and the use of aquatic-
based ergometers may influence the magnitude of difference between environments in
such parameters (i.e., VO2, HR, and RPE). These findings will help understand the
need for specific incremental tests in the aquatic environment for assessing the
adaptations from an aquatic training program and the suitable intensity prescription and
monitoring during the exercise practice. Therefore, this review aimed to compare VOz,
HR, and RPE parameters (maximal and associated at the anaerobic threshold) during
incremental tests between the aquatic and land environments, reviewing crossover
studies that have compared these two conditions performed by healthy individuals. Our
initial hypotheses were that VO2 and HR parameters would present lower values in
aquatic protocols than land protocols, while the RPE values would be similar between

environments.

2. METHODS

A systematic review with a meta-analysis was conducted and reported according to the
Cochrane Handbook for Systematic Reviews of Interventions and Preferred Reporting

Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [31-33].

2.1 Eligibility Criteria

Eligibility criteria are shown in Table 1. This review included crossover studies that
investigated the cardiorespiratory responses during incremental test protocols up to the
maximum effort in different modes of aquatic exercise performed in the vertical position
(i.e., stationary waterbased exercises, shallow water running/walking, deep water
running, aquatic treadmill, or aquatic cycle ergometer) compared to a land environment
incremental test condition. Studies with healthy men and women over 18 years of age
were included. There was no restriction for the upper age limit or the level of physical
fitness. Exclusion criteria included studies with participants affected by cardiovascular or

metabolic diseases (e.g., diabetes mellitus, coronary heart disease, dyslipidemia),
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hypertension risk factor, or osteoarticular disorders. Studies were limited to Portuguese,
English, and Spanish languages published in peer-reviewed journals.

Table 1 Eligibility criteria

Criterion Description

Publication language English, Portuguese and Spanish

Design of study Transversal Crossover

Participants Health adults (aged = 18 years), men and women

Incremental test up to the maximum effort in any mode of aquatic exercise
performed in the vertical position (i.e., stationary water-based exercises,
shallow water running/walking, deep water running, aquatic treadmill, or
aquatic cycle ergometer)

Comparator Incremental test up to the maximum effort in the land environment

Oxygen uptake (VO2zmax and VOzar), heart rate (HRmax and HRar), and

rating of perceived exertion (RPEmax and RPEaT)

HRar heart rate anaerobic threshold, HRmax maximal heart rate, RPEar rating of perceived exertion
anaerobic threshold, RPEmax maximal rating of perceived exertion, VO2ar Oxygen uptake anaerobic
threshold, VO2max maximal oxygen uptake.

Exposure

Parameters

2.2 Information Sources

Searches were carried out in four electronic databases for indexed full-text publications
(i.e., PubMed, LILACS, EMBASE, and SPORTDiscus) between the 7th and 8th of
September, 2020. The search included studies from 1946 (database inception) until
September 2020. In addition, the reference lists from retrieved articles were manually
checked. Literature search strategies were developed using medical subject headings
(MeSH) and text words. The full search strategies per database are presented in the

Electronic Supplementary Material.

2.3 Selection Process

All retrieved reports were imported for Endnote X8 reference management software,
and duplicates were removed. According to the eligibility criteria, two reviewers (LSA
and MSH) independently assessed titles and abstracts of potential previously searched
studies. Before the eligibility process, a pilot screening of 100 articles was carried out
for standardization. Any disagreements between the pair were solved by discussion. All

abstracts that did not provide sufficient information regarding the inclusion and
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exclusion criteria were assessed in the full text.

2.4 Data Collection Process

All studies that met the eligibility criteria at the full-text level were included in the data
extraction process. One author (LSA) extracted the data and then another author (MSH
or GBD) confirmed the data. Disagreements were resolved by personal discussion
between the reviewers to agree or consult with a fourth independent reviewer (CLA). A
coded data sheet was used to extract the maximal and anaerobic threshold data of VO,
HR, and RPE (i.e., VO2max, VO2a1, HRmax, HRAT, RPEmax, and RPEAT) during aquatic
and land incremental tests. In addition, the following information was collected: author,
year of publication, journal, participants’ characteristics (i.e., sample size, age, sex, and
anthropometric characteristics), and test protocols in water and land (i.e., exercises,
initial intensity, increments, time of each stage, termination criteria, water depth, room
temperature or water temperature). The authors of the included studies were contacted

when any data were not found in the full text.

2.5 Study Risk of Bias Assessment

The Joanna Briggs Institute Critical Appraisal Tool for Analytical Cross-Sectional
Studies [34] was adapted to assess included studies’ methodological quality. The tool
consists of eight questions with the following possible answers: yes, no, unclear, or
not/applicable. Studies were rated based on criteria provided by the Joanna Briggs
Institute guideline [34]. Questions 5 (i.e., Were confounding factors identified?) and 6
(i.e., Were strategies to deal with confounding factors stated?) were not included in our
analysis because do not apply to the crossover design. As the same participants
performed the protocols, we assume that there were no inter-subject confounders.
Additionally, we included two more items: (1) “Was the randomization method described
in detail?” If the authors only describe that there was randomization to the order of the
protocols, but do not explain how it was done, we rated as unclear. (2) “Was the interval
time between protocols described?” Declaring the interval between protocols helps to
identify a possible carry-over effect.
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The assessment was made by pairs of reviewers independently (LSA and MSH, GBD
and CLA, CEB and SSP) and based on the information reported in the published paper.
A pre-pilot test was made to consolidate and clarify the reviewers’ team rating criteria.
Discrepancies were resolved by personal discussion between pairs or by consultation
with all authors. We do not generate a total score for studies. The presentation and

discussion of studies rating are based on the tool’s items.

2.6 Synthesis Methods

A separate random-effects meta-analysis for each review variable was performed using
the Review Manager software (version 5.4) when two or more studies reported the
same variable. All studies had the same participants in one or more exercise protocols
in the aquatic protocol and a control exercise protocol on land. The raw data (i.e.,
means, standard deviation, and sample size) were extracted from these protocols.
Studies were individually weighted using the inverse variance method.

Raw mean difference (MD) with 95% confidence intervals (95% CIs) was used for meta-
analyses when the included studies reported results for review variables using the same
measurement scale (i.e., VOzmax, VO2aT, HRmax, HRaT, and RPEaT). For the VO2max, we
transformed the unit of measure in two studies [35, 36], from mL-min~t and L-min™! to
mL-kg™t-min~1, based on mean participants’ body mass. Standardized MD (SMD) with
95% CI was calculated for RPEmax because studies used different measurement scales.
Although the intra-subject correlation is recommended for adjustment in a systematic
review with meta-analysis using studies with a crossover design, we did not include this

analysis because of the unavailable individual data in each study included.

For studies that presented data stratified by sex [23, 37], level of physical fithess (i.e.,
trained and untrained) [38, 39], adapted or not with the exercise protocol [40], or age
group (i.e., young and middle-aged/elderly) [41, 42], the subgroups were treated as
individual studies. This choice was adopted because the groups are independent of
each other, and each provides unique information. In studies with more than one

protocol in the water in the same participants, but varying the movement performed [27,
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28], mode of exercise (i.e., deep and shallow water) [43], water temperature [26], water
stationary bikes [44], or wearing/not wearing shoes [25], the data were combined in a

single group by weighted mean.

A Chi-square test evaluated the statistical significance of heterogeneity. The I? statistic
estimated the amount of study heterogeneity based on the p value being < 0.10 or the I?
value > 40%, indicating significant heterogeneity. As the ergometer use can be a source
of heterogeneity between studies, subgroup analyses were performed considering
studies with ergometer and without ergometer use. Other factors contributing to
heterogeneity, such as fitness level, sex, and age, were not considered for subgroup or

sensitivity analysis because of the low number of studies for each factor category.

3. RESULTS

3.1 Study Selection

The search retrieved 1841 records. After removing 370 duplicates, 1424 titles and
abstracts were read, of which 1378 were not eligible. Out of 46 articles read, 22 were
excluded for one of the following reasons: (1) type of study; (2) participants; and (3)
protocol. Five additional studies identified by hand searching in the references of the
included studies were eligible [24, 25, 44-46]. Of 29 eligible studies included, two
presented the same data [37, 47], and one was removed from the analysis. We chose
to include the study that contemplated the most significant number of variables of
interest in this review [37]. A flow diagram of the review process is in Fig. 1.
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Fig. 1 Literature search flow chart

3.2 Study Characteristics

A summary of the sample characteristics and test protocols on aquatic and land
environments for included studies is shown in Table 2. Included studies were from USA
[23, 25, 29, 36, 37, 48-50], Canada [24, 35, 39, 41, 46], Brazil [27, 28, 45, 51, 52],
Japan [42, 53, 54], UK [40, 43], Italy [38, 44], New Zealand [55], Spain [56], and
Portugal [26]. The total number of participants was 512 (275 were male, 237 were
female). Out of 28 included studies, eight included male-only participants [25, 26, 36,
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38, 42, 43, 53, 56], eight included female-only participants [27-29, 41, 45, 51, 52, 55],
and 12 included both [23, 24, 35, 37, 39, 40, 44, 46, 48-50, 54]. The sample of studies
consisted of young people for most of the studies [23-29, 36—42, 44—-46, 49-54, 56] and
middle-aged or elderly adults [35, 41-43, 48, 55].

Relative to aquatic protocols, 16 studies had the deep water running exercises [23, 24,
35-37, 39-42, 45, 49, 51, 53-56], five had shallow water exercises [27-29, 38, 52], and
one study involved both modes of aquatic exercise (i.e., deep and shallow water) [43].
Additionally, in six studies the aquatic protocol was performed in ergometers, three
studies in treadmills [25, 48, 50], and three studies in cycle ergometers [26, 44, 46]. The
comparator protocols (i.e., land protocols), were performed on treadmills for most of the
studies [23-25, 27-29, 35-43, 45, 48-56] and cycle ergometers in the remaining three
studies [26, 44, 46].

From 28 studies, 27 assessed VO2max [23—-29, 35-46, 48-55] and HRmax [23-26, 28, 29,
35-46, 48-56] and 15 reported RPEmax data [24, 25, 27-29, 36, 37, 39, 40, 42, 48, 50,
53-55]. Seven studies presented independent groups and were treated as individual
studies, totalizing 34 combinations for VO2max and HRmax, and 19 combinations for
RPEmax. For VO2ar, seven studies reported data, with eight combinations [24, 27, 28,
39, 40, 51, 52], six studies with seven combinations reported data of HRat [24, 28, 39,
40, 51, 52] and four studies with five combinations reported data of RPEar [24, 27, 39,
40].
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Table 2 Characteristics of the sample and test protocols on land and aquatic environments of the included studies.

Author (year)

Participants

Incremental tests

Non-ergometers protocols

Land

Water

Alberton et al. [27]

Nine young women

Age: 22.89 + 1.81 years
Height: 166 + 7 cm
Weight: 58.46 + 4.19 kg
BMI: NR

Body fat percentage: NR

Exercise: TRE

Intensity control: Speed

Initial intensity: 5 km.h* with a 1% inclination for
3 min

Increments: 1 km.h'! every 2 min maintaining the
inclination

Termination Criteria: Exhaustion

Room Temperature: 24 °C

Exercise: SR, FK and JJ

Intensity control: Cadence defined by a
metronome

Initial intensity: 85 beats.min™ for 3 min
Increments: 15 beats.min"! every 2 min
Termination Criteria: Exhaustion or unable to
maintain the cadence

Water Temperature: 31-32 °C

Water depth: Between xiphoid process and
shoulders

Alberton et al. [28]

Twenty young women

Age: 24.0 £ 2.5 years
Height: 163.3 £ 6.7 cm
Weight: 60.0 + 6.7 kg

BMI: NR

Body fat percentage: 29.3 +
5.0%

Exercise: TRE

Intensity control: Speed

Initial intensity: 5 km.h* and 1% inclination for 2
min

Increments: 1 km.h't every 1 min maintaining the
inclination

Termination Criteria: Exhaustion or unable to
maintain the speed

Room Temperature: 22-26 °C.

Exercise: SR, FK and CCS

Intensity control: Cadence defined by a
metronome

Initial intensity: 80 beats.min for 2 min
Increments: 10 beats.min every 1 min
Termination Criteria: Exhaustion or unable to
maintain the cadence

Water Temperature: 32 °C

Water depth: Xiphoid process

Azevedo et al. [40]

Seventeen runners, either
adapted or not adapted to deep
water running

Non-adapted (n = 7; women =
6)

Age: 30.9 £ 5.3 years

Height: 165 + 6 cm

Weight: 59.8 + 6.1 kg

BMI: NR

Body fat percentage: NR
Adapted (n = 10; women = 5)
Age: 32.3 £ 6.5 years
Height: 172 £ 12 cm

Weight: 68.9 + 17.1 kg

BMI: NR

Body fat percentage: NR

Exercise: TRE

Intensity control: Speed and inclination

Initial intensity: 6 km.h?

Increments: 1 km.h't every 1 min up to a speed
of 14 km.h"1, when the treadmill was inclined by
5% every 1 min

Termination Criteria: Exhaustion

Room Temperature: NR

Exercise: DWR

Intensity control: Cadence defined by a
metronome

Initial intensity: 104 steps.min for 1 min
Increments: 8 steps.mint every 1 min
Termination Criteria: Exhaustion or unable to
maintain the cadence

Water Temperature: 28-30 °C

Brown et al. [37]

Twenty-four young adults
Men (n =12)

Age: 21.0 £ 1.9 years
Height: 179.7 £ 4.8 cm
Weight: 77.2 £ 13.0 kg

Exercise: TRE

Intensity control: Speed corresponding to step
frequency of test in water and inclination

Initial intensity: 2.52 km.h1

Increments: 0.54-1.02 km.hevery 3 min up to a

Exercise: DWR

Intensity control: Cadence defined by a
metronome

Initial intensity: 72 strides.min"'for 3 min
Increments: 12 strides.min! every 3 min
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BMI: NR

Body fat percentage: 14.1

5.8%

Women (n = 12)

Age: 20.0 £ 0.8 years
Height: 168.5 £ 4.7 cm
Weight: 60.4 + 7.3 kg
BMI: NR

I+

speed of 7.56, when the treadmill was inclined by
5% every 2 min.

Termination Criteria: Unable to maintain the
cadence

Room Temperature: 21.7 £ 0.7 °C

Termination Criteria: Unable to maintain the
cadence or DWR technique
Room Temperature: 29.6 + 0.5 °C

Body fat percentage: 23.2 *
4.7%
Butts et al. [23] Twenty-four young adults Exercise: TRE Exercise: DWR
Women (n=12) Intensity control: Inclination Intensity control: Cadence defined by a

Age: 21.9 £ 2.4 years
Height: 164.6 £ 4.2 cm
Weight: 59.6 + 6.4 kg
BMI: NR

Body fat percentage: NR
Men (n =12)

Age: 20.6 £ 1.9 years
Height: 178.2 £ 6.6 cm
Weight: 70.5 + 7.3 kg
BMI: NR

Body fat percentage: NR

Initial intensity: 8 km.h for women and 9.7
km.h* for men with 0% inclination during 5 min.
Thereafter, 9.7 km.h'* for women and 11.3 km.h?
for men with a 2.5% inclination for 2 min.
Increments: 2.5% every 2 min

Termination Criteria: Exhaustion

Room Temperature: NR

metronome

Initial intensity: 100 beats.min*

Increments: 20 beats.min every 2 min
Termination Criteria: When the subjects fell
behind the cadence, or when their physiologic
responses did not increase in response to a
higher cadence, they were strongly encouraged
to “go all out” and complete at least 1 more entire
minute.

Water Temperature: 29 £ 0.5°C

Chu et al. [41]

Eighteen women

Young women (n = 9)
Age: 23.6 £ 4.7 years
Height: 165.5 + 3.6 cm
Weight: 58.4 + 8.6 kg
BMI: NR

Body fat percentage: NR
Older women (n = 9)

Age: 63.3 £ 2.9 years
Height: 162.1 £ 9.1 cm
Weight: 63.4 + 9.4 kg
BMI: NR

Body fat percentage: NR

Exercise: TRE

Intensity control: Inclination

Initial intensity: 8.9 km.h* for young and 5.6
km.h-* for older with 0% inclination
Increments: 2% every 1 min

Termination Criteria: Exhaustion

Room Temperature: 21 °C

Exercise: DWR

Intensity control: Load increase

Initial intensity: 5009 for young and 200-300g
for older group

Increments: 200g for young group and 100-
200g for older group every 1 min

Termination Criteria: Exhaustion

Water Temperature: 28 °C

Conti et al. [38]

Twelve young men
Untrained (n =6

Age: 22 + 1 years

Height: 170+ 7 m
Weight: 58.0 = 12.4 kg
BMI: NR

Body fat percentage: NR

Trained (n = 6)
Age: 19 + 1 years

Exercise: TRE

Intensity control: Speed

Initial intensity: 7 km.h* during 3 min, followed
by 10 km.h"* for 2 min with 1% inclination
Increments: 1 km.h't every 1 min maintaining the
inclination

Termination Criteria: Exhaustion

Room Temperature: 24-26 °C

Exercise: SR

Intensity control: Cadence defined by a
metronome

Initial intensity: self-selected stride frequency for
3 min

Increments: 12 strides.min"t every 1 min
Termination Criteria: Exhaustion

Water Temperature: 29-30 °C

Water depth: Lower than xiphoid process
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Height: 177 £5m
Weight: 66 + 5.1 kg

BMI: NR

Body fat percentage: NR

Cuesta-Vargas et al.
[56]

Ten male volleyball players
Age: Unclear

Height: Unclear

Weight: Unclear

BMI: NR

Body fat percentage: NR

Exercise: TRE

Intensity control: Speed

Initial intensity: 5 km.h"* during 5 min with 1%
inclination

Increments: 1 km.h't every 2 min

Termination Criteria: Physiological or volitional
fatigue

Room Temperature: Unclear

Exercise: DWR

Intensity control: Cadency defined by a
metronome

Initial intensity: 60 cycles.min*for 5 min (1 cycle
= 2 steps)

Increments: 10 cycle.mint every 2 min
Termination Criteria: Physiological or volitional
fatigue. Each participant was instructed to “go all
out” during the final minute.

Water Temperature: 28 °C

Dowzer et al. [43]

Fifteen male runners
Age: 40.93 £ 9.48 years
Height: 172+ 7 cm
Weight: 69 + 9.03 kg
BMI: NR

Body fat percentage: NR

Exercise: TRE

Intensity control: Inclination

Initial intensity: Individualized predetermined
speed (mean = 13.7 km.h'Y) during 4 min
Increments: 2.5% inclination every 3 min
Termination Criteria: Exhaustion

Room Temperature: NR

Exercise: DWR and SWR

Intensity control: Cadence defined by a
metronome

Initial intensity: 120 strides.min* for DWR and
132 strides.min"! for SWR going up in increments
of 12 strides.min-! for the initial workload
Increments: 8 strides.min" every stage (stage
duration unclear)

Termination Criteria: Exhaustion

Water Temperature: 29 °C

Water depth: Waist for SWR

Frangolias and
Rhodes [24]

Thirteen elite distance runners
trained in DWR

Women (n = 5)

Age: 24.2 £ 6.7 years
Height: 165.6 + 4.3 cm
Weight: 54.2 + 4.9 kg
BMI: NR

Body fat percentage: NR
Men (n = 8)

Age: 27.3 £ 4.1 years
Height: 182.5+5.0 cm
Weight: 71.5 + 4.6 kg
BMI: NR

Body fat percentage: NR

Exercise: TRE

Intensity control: Speed and inclination

Initial intensity: 8.0 km.h*

Increments: 0.8 km.h't every 1 min

up to a speed of 19.2 km.h"! (at minute 15), when
the treadmill was inclined by 2% every 1 min
Termination Criteria: Physiological or volitional
fatigue

Room Temperature: NR

Exercise: DWR

Intensity control: Load increase

Initial intensity: 500 g for women and 750 g for
men group

Increments: 400 g every 1 min up to minute 15,
when the load was increased by 500 g for women
and 750 g for men group

Termination Criteria: Exhaustion

Water Temperature: 28 °C

Frangolias et al. [39]

Twenty-two endurance runners
(women = 8)

Untrained (n =6

Age: 26.3 £ 4.7 years

Height: 176.6 £ 9.3 cm

Weight: 63.4 + 8.7 kg

Exercise: TRE

Intensity control: Speed and inclination

Initial intensity: 8.0 km.h*

Increments: 0.8 km.h't every 1 min

up to a speed of 19.2 km.h"! (at minute 15), when
the treadmill was inclined by 2% every 1 min

Exercise: DWR

Intensity control: Load increase

Initial intensity: 500 g for women and 750 g for
men group

Increments: 400 g every 1 min up to minute 15,
when the load was increased by 500 g for women
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BMI: NR

Body fat percentage: NR
Trained (n = 16)

Age: 26.7 £ 4.7 years
Height: 176.2 £ 9.0 cm
Weight: 64.9 + 9.4 kg
BMI: NR

Body fat percentage: NR

Termination Criteria: Exhaustion
Room Temperature: NR

and 750 g for men group
Termination Criteria: Exhaustion
Water Temperature: 28 °C

Gayda et al. [35]

Twenty-one adults older than
45 years (women = 10)

Age: 60 = 7 years

Height: 167 + 7 cm

Weight: 82 + 20 kg

BMI: 29.2 + 6.0 kg.m2

Fat percentage: 32 + 7%

Exercise: TRE

Intensity control: Speed and inclination
Initial intensity: Individualized predetermined
speed (mean = 2.89 + 0.35 km.h"l and 2.42 +
0.96%)

Increments: Individualized (mean = 0.6 + 0.18
km.h"* and 1.96 + 0.5%) every 2 min
Termination Criteria: Exhaustion

Room Temperature: NR

Exercise: DWR

Intensity control: Cadence defined by a
metronome

Initial intensity: 56 cycles.mint for 2 min
Increments: Individualized in order to reach the
maximum in less than 8 min (8-30 cycles.mint)
every 2 min

Termination Criteria: Exhaustion or unable to
maintain the cadence

Water Temperature: 30 °C

Kanitz et al. [51]

Twelve young women
Age: 23.2 £ 1.9 years
Height: 161.4 £+ 5.6 cm
Weight: 57.9 + 7.1 kg
BMI: 20.9 + 5.1 kg.m
Body fat percentage: NR

Exercise: TRE

Intensity control: Speed

Initial intensity: 6 km.h with a 1% inclination for
3 min

Increments: 1 km.h't every 2 min maintaining the
inclination

Termination Criteria: Until maximum effort
Room Temperature: 22-24 °C

Exercise: DWR

Intensity control: Cadence defined by a
metronome

Initial intensity: 85 beats.min for 3 min
Increments: 15 beats.min"! every 2 min
Termination Criteria: Until maximum effort
Water Temperature: 30 °C

Kruel et al. [52]

Nine young women

Age: 23.0 £ 1.9 years
Height: 166 = 6 cm
Weight: 58.6 + 4.4 kg
BMI: NR

Body fat percentage: NR

Exercise: TRE

Intensity control: Speed

Initial intensity: 6 km.h* with 1% inclination for 3
min

Increments: 1 km.h't every 2 minutes
maintaining the inclination

Termination Criteria: Exhaustion

Room Temperature: 21-26°

Exercise: SR

Intensity control: Cadence defined by a
compact disc

Initial intensity: 85 beats.min for 2 min
Increments: 15 beats.min"! every 2 min
Termination Criteria: Exhaustion
Water Temperature: 31-32 °C

Water depth: Xiphoid process

Masumoto et al. [54]

Eleven recreational runners
(women = 1)

Age: 22.6 + 2.6 years
Height: 174.1 £ 6.1 cm
Weight: 74.4 £ 9.4 kg

BMI: NR

Body fat percentage: NR

Exercise: TRE

Intensity control: Speed and inclination

Initial intensity: 6 km.h for 5 min

Increments: 1 km.h'! every minute up to a speed
of 14 km.h1, when the treadmill was inclined by
5% every 1 min

Termination Criteria: Exhaustion

Room Temperature: 26 °C

Exercise: DWR

Intensity control: Cadence defined by a
metronome

Initial intensity: 52 strides.min" (1 stride = 2
steps)

Increments: 4 strides.min’t every 1 min
Termination Criteria: Exhaustion or unable to
maintain the cadence

Water Temperature: 28 °C
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Mercer and Jensen
[49]

Twenty-eight young adults
Men (n = 15)

Age: 24.3 + 4.7 years
Height: 180 + 8 cm
Weight: 79.5 + 10.8 kg
BMI: NR

Body fat percentage: NR
Women (n = 13)

Age: 21.0 £ 1.3 years
Height: 170 £ 6 cm
Weight: 58.9 + 7.0 kg
BMI: NR

Body fat percentage: NR

Exercise: TRE

Intensity control: Speed and inclination

Initial intensity: 4.8 km.h"t with 3% inclination
Increments: In the second stage, the elevation
was increased to 7.5% and remained constant for
all subsequent stages. After, 0.8 km.h-'was
increased every 1 min.

Termination Criteria: NR

Room Temperature: 22.0 + 4.3 °C

Exercise: DWR

Intensity control: Load increase

Initial intensity: 0.57 kg

Increments: 0.57 kg every 1 min
Termination Criteria: Unable to maintain the
bucket suspended

Water Temperature: 26.9 + 1.6 °C

Michaud et al. [36]

Six male runners

Age: 255 £5.1 years
Height: 169.0 + 3.0 cm
Weight: 68.1 + 9.2 kg
BMI: NR

Body fat percentage: 7.6

2.4%

Exercise: TRE

Intensity control: Speed and inclination
Initial intensity: Individualized predetermined
speed

Increments: 1.6 km.ht every 3 min up to 16.1
km.h1. After, the inclination was increased 2%
every 3 min.

Termination Criteria: Fatigue

Room Temperature: 19-23°C

Exercise: DWR

Intensity control: Load increase

Initial intensity: Individualized

Increments: Individualized predetermined
workloads every 3 min

Termination Criteria: Unable to maintain proper
running form and remain within the target area
Water Temperature: 29-30 °C

Nagle et al. [29]

Twenty-three young women

Age: 20.1 + 2.9 years
Height: 163 £ 5.2 cm

Weight: 63.0 + 9.5 kg
BMI: 23.5 + 3.4 kg.m=
Body fat: 26.3 + 7.6%

Exercise: TRE

Intensity control: Speed and inclination

Initial intensity: 2.74 km.h'! and 10% inclination
Increments: 0.9-1.45 km.h"* and 2% inclination
every 3 min (Bruce Protocol)

Termination Criteria: Exhaustion

Room Temperature: NR

Exercise: SWR

Intensity control: Determined subjectively
Initial intensity: 4 x 22 m at moderate intensity
and 10 s rest

Increments: 3 x 22 m at hard intensity and 5 s
rest, 2 x 22 m at very hard intensity and 3-5 s
rest, 4-6 x 22 m at maximal intensity. Rest period
= Rest time between pool lengths.

Termination Criteria: Exhaustion or unable to
maintain the velocity per pool length

Water Temperature: 27.5 °C

Water depth: Between xiphoid process and mid
axillary region

Nakanishi et al. [42]

Twenty-eight men
Young men (n = 14)
Age: 20.4 £ 3.3 years
Height: 170.7 £ 6.2 cm
Weight: 65.1 + 11.4 kg
BMI: NR

Body fat percentage: 18.6 +

57%
Middle aged men (n = 14)
Age: 38.6 £ 4.4 years

Exercise: TRE

Intensity control: Speed and inclination

Initial intensity: 9.6 km.h"* and 0% inclination for
4 min

Increments: 1.2 km.h't every 2 min up to 13.2
km.h* (at 10" min of the test) increase of 2%
every 2 min

Termination Criteria: Physiological or volitional
fatigue

Room Temperature: 22.5+ 1.0 °C

Exercise: DWR

Intensity control: Cadence

Initial intensity: 48 cycles/min for 4 min (1 cycle
= 2 steps)

Increments: 66 cycles/min in the second stage
and thereafter 3-4 cycles/min every 2 min
Termination Criteria: When subjects fell behind
the cadence, or when their physiological
responses did not increase in response to the
higher cadence, they were strongly encouraged
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Height: 171.8 £ 4.7 cm
Weight: 75.4 + 9.6 kg

BMI: NR

Body fat percentage: 22.7 +
6.5%

to complete at least another full minute. They had
been previously instructed to “go all out” during
this final minute.

Water Temperature: 32.5+ 0.2 °C

Nakanishi et al. [53]

Twenty young men

Age: 28.0 £ 9.2 years
Height: 172 £6.9 cm
Weight: 67.1 £ 11.8 kg
BMI: NR

Body fat percentage: NR

Exercise: TRE

Intensity control: Speed and inclination

Initial intensity: 9.6 km.h't and 0% inclination for
4 min

Increments: 1.2 km.h'* every 2 min up to 13.2
km.h* (at 10" min of the test) increase of 2%
every 2 min

Termination Criteria: Physiological or volitional
fatigue

Room Temperature: 22.5+ 1.0 °C

Exercise: DWR

Intensity control: Cadence

Initial intensity: 48 cycles/min for 4 min (1 cycle
= 2 steps)

Increments: 66 cycles/min in the second stage
and thereafter 3-4 cycles/min every 2 min
Termination Criteria: When subjects fell behind
the cadence, or when their physiological
responses did not increase in response to the
higher cadence, they were strongly encouraged
to complete at least another full minute. They had
been previously instructed to “go all out” during
this final minute.

Water Temperature: 32.5+ 0.2 °C

Phillips et al. [55]

Twenty overweight women
Age: 48.0 £ 7.1 years
Height: 162.2 £+ 5.5 cm
Body mass: 78.7 £ 12.0 kg
BMI: 29.9 + 4.0 kg.m™
Body fat percentage: NR

Exercise: TRE

Intensity control: Inclination

Initial intensity: Individualized comfortable
speed ranging from 4.1 to 6.0 km.h for 3 min
Increments: 1% every 1 min

Termination Criteria: Exhaustion

Room Temperature: NR

Exercise: DWR

Intensity control: Load increase

Initial intensity: 0.57 kg

Increments: 0.57 kg every 1 min
Termination Criteria: Unable to maintain the
bucket suspended

Water Temperature: 29 °C

Tiggemann et al. [45]

Five young women

Age: 22.2 £ 1.3 years
Height: 160.60 = 5.59 cm
Weight: 55.42 + 8.26 kg
BMI: NR

Body fat percentage: NR

Exercise: TRE

Intensity control: Speed

Initial intensity: 4 km.h* with 1% inclination
Increments: 1 km.h't every 1 min
Termination Criteria: Exhaustion

Room Temperature: 26 °C

Exercise: DWR

Intensity control: Load increase
Initial intensity: 500 g
Increments: 250 g every 1 min
Termination Criteria: Exhaustion
Water Temperature: 32 °C

Ergometers protocols

Land

Water

Garzon et al. [46]

Thirty-three  healthy
participants (women = 5)
Age: 33 £ 10 years
Height: 174 £ 6 cm
Weight: 72+ 9

BMI: 23.7 £ 2.5

Body fat percentage: NR

young

Exercise: Cycle ergometer

Intensity control: Workload

Initial intensity: 25 W

Increments: 25 W every 1 min maintaining the
cadence of 80 rpm

Termination Criteria: Exhaustion or unable to
maintain the cadence

Room Temperature: 21 °C

Exercise: Water cycling

Intensity control: Cadence (rpm)

Initial intensity: 40 rpm

Increments: 10 rpm every 1 min up to 70 rpm.
Subsequently, the cadence was increased by 5
rpm.

Termination Criteria: Exhaustion or unable to
maintain the cadence

Water Temperature: 30 °C

Water depth: Xiphoid process
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Giacomini et al. [44]

Sixteen healthy participants
Men =8

Age: 31.5 + 8.2 years
Height: 179+ 7 cm
Weight: 80.0 + 8.3 kg
BMI: NR

Body fat percentage: NR
Women =8

Age: 31.9 £ 5.8 years
Height: 163 £5cm
Weight: 57.5 + 4.2 kg
BMI: NR

Body fat percentage: NR

Exercise: Cycle ergometer

Intensity control: Workload

Initial intensity: 50 W

Increments: 15-30 W (depending on the fithess
level of the subjects) every 1 min maintaining the
cadence of 70-80 rpm

Termination Criteria: Exhaustion

Room Temperature: NR

Exercise: Water cycling

Intensity control: Cadence (rpm)

Initial intensity: 40 rpm

Increments: 5 rpm every 2 min

Termination Criteria: Unable to maintain the
cadence

Water Temperature: 25+ 1°C

Water depth: Hips and thighs

Greene et al. [48]

Forty-nine healthy participants
(Women = 25)

Age: 41 + 14 years

Height: 173.9 + 8.8 cm
Weight: 88.3 £ 18.5

BMI: 29.0 £ 5.5 kg.m

Body fat percentage: NR

Exercise: TRE

Intensity control: Speed

Initial intensity: 3.2 km.h"* and 0% inclination
Increments: 1.6 km.h* every 3 min up to 11.3
km.ht

Termination Criteria: Exhaustion or exercise
protocol completion.

Room Temperature: NR

Exercise: Aquatic TRE

Intensity control: Speed and water jet. Five
experimental sessions (at 0%, 25%, 50%, 75%
and 100%), in which the jet resistance was held
constant throughout all treadmill velocities.
Initial intensity: 3.2 km.h?

Increments: 1.6 km.h every 3 min up to 11.3
km.h1

Termination Criteria: Exhaustion or exercise
protocol completion.

Water Temperature: 32-34 °C

Water depth: Fourth intercostal space

Schaal et al. [25]

Fourteen male triathletes
Age: 35.1 £ 9.8 years
Height: 182.1 £+ 6.1 cm
Weight: 78.7 £ 11.3 kg
BMI: 23.9 + 2.9 kg.m
Body fat percentage: NR

Exercise: TRE

Intensity control: Inclination

Initial intensity: Individualized predetermined
speed (11.3 + 0.6 km.h?)

Increments: 2% every 2 min

Termination Criteria: Exhaustion

Room Temperature: NR

Exercise: Aquatic TRE

Intensity control: Speed and water jet

Initial intensity: 11.6 + 0.6 km.h* + 40% water
jet

Increments: 0.8 km.h ! every 1 min for 4 min,
then increased jets 10% every 1 min
Termination Criteria: Exhaustion

Water Temperature: 25.8 + 3.63 °C

Water depth: Xiphoid process

Silvers et al. [50]

Twenty-three recreationally
competitive runners
Women (n = 11)

Age: 22.1 £ 2.3 years
Height: 167.1 £ 13.9 cm
Body mass: 60.9 + 7.9 kg
BMI: NR

Body fat percentage: NR
Men (n =12)

Age: 24.8 £ 3.8 years
Height: 178.9 + 5.4 cm

Exercise: TRE

Intensity control: Speed and inclination

Initial intensity: Individualized predetermined
speed (10.2 + 2.0 km.h'?)

Increments: 0.8 km.h't every 1 min for 4-5 min,
then increased grade 2% every 1 min
Termination Criteria: Exhaustion

Room Temperature: 24 +1.0 °C

Exercise: Aquatic TRE

Intensity control: Speed and water jet

Initial intensity: 9.8 + 1.6 km.h'! + 40% water jet
Increments: 0.8 km.ht every 1 min for 4-5 min,
then increased jets 10% every 1 min
Termination Criteria: Exhaustion

Water Temperature: 28 °C

Water depth: Xiphoid process
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Body mass: 73.0 £ 5.4 kg

BMI: NR
Body fat percentage: NR
Yazigi et al. [26] Ten young men Exercise: Cycle ergometer Exercise: Water cycling
Age: 22 + 1 years Intensity control: Workload Intensity control: Cadence (rpm)
Height: NR Initial intensity: 75 W Initial intensity: 50 rpm
Weight: NR Increments: 35 W every 3 min maintaining the Increments: 10 rpm every 3 min up to 70 rpm.
BMI: 22.7 + 2 kg.m™ cadence of 70 rpm Subsequently, the cadence was increased by 5
Body fat percentage: 11 * Termination Criteria: Exhaustion or unable to rpm every 3 min.
4.5% maintain the cadence Termination Criteria: Exhaustion or unable to

Room Temperature: NR

maintain the cadence

Water Temperature: 27 and 31 °C in two
different sessions.

Water depth: Xiphoid process

BMI body mass index, CCS cross-country skiing, DWR deep water running, FK forward kick, h hour, JJ jumping jack, min minutes, NR not reported,

SR stationary running, SWR shallow water running, TRE treadmill, UTM underwater treadmill
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Table 3 reports the risk of bias for the included studies. Twelve studies (42.86%) clearly

defined the sample inclusion criteria, and only one (3.57%) study described the

participants’ inclusion criteria and the setting in detail. Twenty-five (89.29%) studies

employed validly and reliably the exposure, and eight (28.57%) studies described how

the health condition of participants was assessed. All studies (100%) measured validly

and reliably the outcomes, and seven (25%) studies used and described an appropriate
statistical analysis. Although 18 (64.29%) studies described that the order of the

protocols was randomized, none described how this procedure was performed. Finally,

26 (92.86%) studies reported the interval time between protocols.

Table 3 Detailed analysis of the risk of bias for each included study.

Study

Q1

Q2

Q3

Q4

Qr*

Q8*

Alberton et al. [27]
Alberton et al. [28]
Azevedo et al. [40]
Brown et al. [37]

Butts et al. [23]

Chu et al. [41]

Conti et al. [38]
Cuesta-Vargas et al. [56]
Dowzer et al. [43]
Frangolias and Rhodes [24]
Frangolias et al. [39]
Garzon et al. [46]
Gayda et al. [35]
Giacomini et al. [44]
Greene et al. [48]
Kanitz et al. [51]

Kruel et al. [52]
Masumoto et al. [54]
Mercer and Jensen [49]
Michaud et al. [36]
Nagle et al. [29]
Nakanishi et al. [53]
Nakanishi et al. [42]
Phillips et al. [55]
Schaal et al. [25]
Silvers et al. [50]
Tiggemann et al. [45]
Yazigi et al. [26]
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Q1 Were the criteria for inclusion in the sample clearly defined?; Q2 Were the study subjects and the
setting described in detail?; Q3 Was the exposure measured in a valid and reliable way?; Q4 Were
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objective, standard criteria used for measurement of the condition?; Q5 Were the outcomes measured in
a valid and reliable way?; Q6 Was appropriate statistical analysis used?; Q7 Was the randomization
method described in detail?; Q8 Was the interval time between protocols described?; * additional criteria;
v indicates Yes; X indicates No; ? indicates Unclear.

3.4 Oxygen Uptake

Pooled results indicated that the aquatic protocols presented lower VO2max values
compared with protocols on land, considering a MD of = 7.07 mL-kg™*-min~* (95% CI -
8.43 to - 5.70; n = 502; Fig. 2), with a substantial heterogeneity (p < 0.001; 12 = 71%)).
From the subgroup analysis, the aquatic non-ergometer protocols showed lower VOzmax
values (MD - 7.95 mL-kg™*-mint; 95% CI - 8.96 to — 6.94; n = 357) with a moderate
heterogeneity (p = 0.02; 1> = 38%). However, considering the subgroup of the aquatic
protocols with ergometers, heterogeneity remained substantial (p < 0.001; 1> = 85%)
and there was no difference found between environments (MD — 2.36 mL-kg™-min;
95% CIl - 7.32 to 2.61; n = 145). For the VOzar parameter, pooled results indicated that
the aquatic protocols presented lower values compared with protocols on land (MD -
6.19 mL-kg™*-min™t; 95% CI| - 7.66 to — 4.73; n = 96; p for heterogeneity = 0.33; 1% =
13%; Fig. 3). The subgroup analysis was not performed for VO2ar, as studies with

aguatic ergometers did not investigate this variable.
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Water Land Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V,Random,95%ClI IV, Random, 95% CI
1.1.1 Non-ergometer
Alberton et al. 2013 [27] 306 5.7 9 393 37 9 3.0% -8.70[-13.14, -4.26]
Alberton et al. 2014 [28] 304 4.3 20 36 4.1 20 3.8% -5.60 [-8.20, -3.00] -
Azevedo et al. 20102 [40] 443 33 7 551 42 7 3.2% -10.80[-14.76, -6.84] -
Azevedo et al. 2010P [40] 48.3 84 10 53.8 6 10 2.2%  -5.50[-11.90, 0.90] B
Brown et al. 19962 [37] 391 8.3 12 452 44 12 2.6% -6.10[-11.42,-0.78] -
Brown et al. 1996P [37] 30.1 45 12 401 341 12 3.6% -10.00 [-13.09, -6.91] -
Butts et al. 19912 [23] 58.4 3.9 12 645 28 12 3.7% -6.10 [-8.82, -3.38] I
Butts et al. 19910 [23] 46.8 5.9 12 557 438 12 3.1% -8.90[-13.20, -4.60] -
Chu et al. 20022 [41] 432 91 9 471 89 9 1.7%  -3.90[-12.22, 4.42]
Chu et al. 20020 [41] 18 3 9 231 33 9 3.7% -5.10[-8.01, -2.19] I
Conti et al. 20082 [38] 572 3.9 6 689 5.1 6 2.7% -11.70[-16.84, -6.56]
Conti et al. 2008 [38] 452 6.8 6 479 36 6 2.3% -2.70 [-8.86, 3.46] I
Dowzer et al. 1999 [43] 438 6.5 15 554 85 15 2.6% -11.60[-17.02, -6.18] e
Frangolias and Rhodes 1995 [24] 546 5.2 13 59.7 64 13 3.0% -5.10 [-9.58, -0.62]
Frangolias et al. 19962 [39] 53.5 3.5 6 63.8 3 6 3.3% -10.30[-13.99, -6.61] -
Frangolias et al. 1996b [39] 53.8 54 16 588 6.2 16 3.2% -5.00 [-9.03, -0.97] -
Gayda et al. 2010 [35] 197 741 21 31 6.2 21 3.2% -11.30[-15.33, -7.27] -
Kanitz et al. 2014 [51] 225 441 12 337 3.9 12 3.5% -11.20[-14.40, -8.00] -
Kruel et al. 2013 [52] 34 3.9 9 39 34 9 3.5% -5.00 [-8.38, -1.62] -
Masumoto et al. 2018 [54] 489 5.7 11 592 56 11 2.9% -10.30[-15.02, -5.58] -
Mercer and Jensen 1998 [49] 44 10 28 54 13 28 2.4% -10.00 [-16.07, -3.93]
Michaud et al. 1995 [36] 55.8 4 6 631 36 6 3.1% -7.30[-11.61, -2.99] —
Nagle et al. 2017 [29] 371 6.8 23 442 84 23 3.0% -7.10[-11.52, -2.68]
Nakanishi et al. 1999 [53] 41 87 20 518 92 20 2.6% -10.80[-16.35, -5.25]
Nakanishi et al. 19992 [42] 39 78 14 495 76 14 2.5% -10.50[-16.20, -4.80] I
Nakanishi et al. 1999 [42] 302 741 14 413 8 14 2.5% -11.10[-16.70, -5.50]
Phillips et al. 2008 [55] 225 49 20 277 47 20 3.6% -5.20 [-8.18, -2.22] I
Tiggemann et al. 2007 [45] 30.3 4.8 5 389 32 5 2.7% -8.60[-13.66, -3.54] I
Subtotal (95% Cl) 357 357 83.3%  -7.95[-8.96, -6.94] ¢
Heterogeneity: Tau? = 2.65; Chi? = 43.53, df = 27 (P = 0.02); I* = 38%
Test for overall effect: Z = 15.40 (P < 0.00001)
1.1.2 Ergometer
Garzon et al. 2017 [46] 33.1 91 33 463 92 33 3.0% -13.20[-17.62, -8.78]
Giacomini et al. 2009 [44] 412 438 16 388 538 16 3.3% 2.40[-1.29, 6.09] T
Greene et al. 2011 [48] 30.8 85 49 301 8.6 49 3.5% 0.70 [-2.69, 4.09] I
Schaal et al. 2012 [25] 525 75 14 53 6.9 14 2.6% -0.50 [-5.84, 4.84] T
Silvers et al. 2007 [50] 528 7.7 23 525 84 23 2.9% 0.30 [-4.36, 4.96] B
Yazigi et al. 2013 [26] 57.2 11.9 10 62.2 10.1 10 1.4%  -5.00 [-14.67, 4.67] - 1
Subtotal (95% CI) 145 145 16.7% -2.36 [-7.32, 2.61] e o
Heterogeneity: Tau? = 31.41; Chi? = 34.08, df = 5 (P < 0.00001); |12 = 85%
Test for overall effect: Z = 0.93 (P = 0.35)
Total (95% Cl) 502 502 100.0%  -7.07 [-8.43, -5.70] 2

Heterogeneity: Tau? = 11.04; Chi? = 114.79, df = 33 (P < 0.00001); I>=71% '_20 _1'0 0 1'0
Test for overall effect: Z = 10.14 (P < 0.00001) Water Land
Test for subgroup differences: Chi? = 4.68, df = 1 (P = 0.03), I> = 78.6%

Fig. 2 Random-effects meta-analysis of maximal oxygen uptake in aquatic protocols
compared to land protocols. Subgroup analysis was based on studies organized from
protocols without ergometers and studies organized from protocols with ergometers. ClI
confidence interval, df degrees of freedom, N sample size, SD standard deviation
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Water Land Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random,95%ClI 1V, Random, 95% CI
Alberton et al. 2013 [27] 217 5 9 30 34 9 121% -8.30[-12.25, -4.35]
Alberton et al. 2014 [28] 223 4.2 20 283 38 20 25.7% -6.00 [-8.48, -3.52] -
Azevedo et al. 20102 [40] 319 74 7 41 41 7 52% -9.10[-15.37,-283] —
Azevedo et al. 20100 [40] 36.1 4.8 10 404 6.2 10 8.3% -4.30 [-9.16, 0.56] I —
Frangolias and Rhodes 1995 [24] 42.8 51 13 46.3 64 13 9.8% -3.50 [-7.95, 0.95] -
Frangolias et al. 1996b [39] 426 4.6 16 46.7 4.7 16 17.1% -4.10 [-7.32, -0.88] -
Kanitz et al. 2014 [51] 18.7 4.8 12 281 53 12 11.6% -9.40[-13.45, -5.35] .
Kruel et al. 2013 [52] 26.3 4.7 9 33 46 9 104% -6.70[-11.00, -2.40] -
Total (95% Cl) 96 96 100.0% -6.19 [-7.66, -4.73] &

it 2 . Chi2 = - - .12 = 1309 t t t t
Heterogeneity: Tau? = 0.57; Chi? = 8.02, df =7 (P = 0.33); 1= 13% 10 5 0 5 10

Test for overall effect: Z = 8.29 (P < 0.00001) Water Land

Fig. 3 Random-effects meta-analysis of oxygen uptake corresponding to anaerobic
threshold in aquatic protocols compared to land protocols. CI confidence interval, df
degrees of freedom, N sample size, SD standard deviation

3.5 Heart Rate

Pooled results indicated that the aquatic protocols presented lower HRmax values
compared with protocols on land, considering a MD of — 11.71 bpm (95% CI - 13.84 to
- 9.58; n = 503; Fig. 4), with a substantial heterogeneity (p < 0.001; 1> = 66%). From the
subgroup analysis, pooled results indicated that the HRmax values were lower in the
aguatic non-ergometer protocols compared with land protocols (MD - 13.39 bpm; 95%
Cl - 15.24 to - 11.55; n = 358), with a moderate heterogeneity (p < 0.001; 12 = 42%)).
For studies employing aquatic protocols with ergometers, there was no difference
between environments (MD = - 4.03; 95% Cl - 8.46 to 0.41; n = 145), and the
heterogeneity remained substantial (p = 0.03; I1° = 60%). Considering studies included in
the meta-analysis of HRar (Fig. 5), pooled results indicated that the aquatic protocols
presented lower HRat values compared with protocols on land by - 15.29 bpm (95% CI
- 19.05 to — 11.53; n = 87; p for heterogeneity = 0.86; 1> = 0%). Studies with aquatic

ergometers did not investigate the HRAT.
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Water Land Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V,Random, 95% CI 1V, Random, 95% CI
1.2.1 Non-ergometer
Alberton et al. 2014 [28] 184 9 20 191 7 20 3.8% -7.00 [-12.00, -2.00] -
Azevedo et al. 20102 [40] 172 13 7 186 11 7 1.8% -14.00 [-26.62, -1.38]
Azevedo et al. 2010b [40] 177 11 10 186 9 10 2.6% -9.00 [-17.81, -0.19]
Brown et al. 19962 [37] 184 8 12 196 5 12 3.7% -12.00 [-17.34, -6.66] -
Brown et al. 1996b [37] 174 7 12 195 5 12 3.8% -21.00[-25.87,-16.13] .
Butts et al. 1991a [23] 183 6 12 193 6 12 3.9% -10.00 [-14.80, -5.20] -
Butts et al. 1991 [23] 180 8 12 189 9 12 3.2% -9.00 [-15.81, -2.19] -
Chu et al. 20022 [41] 182 9 9 192 9 9 2.8% -10.00[-18.32, -1.68] -
Chu et al. 2002 [41] 156 11 9 167 10 9 2.4% -11.00 [-20.71, -1.29]
Conti et al. 20082 [38] 177 7 6 191 8 6 2.7% -14.00 [-22.51, -5.49] -
Conti et al. 20080 [38] 182 9 6 18 7 6 2.6% -3.00 [-12.12, 6.12] I
Cuesta-Vargas et al. 2009 [56] 175 9 10 190 5 10 34% -15.00[-21.38, -8.62] -
Dowzer et al. 1999 [43] 159 17 15 176 12 15 2.2% -17.00 [-27.53, -6.47] -
Frangolias and Rhodes 1995 [24] 175 12 13 190 11 13 2.6% -15.00 [-23.85, -6.15] -
Frangolias et al. 19962 [39] 174 10 6 191 9 6 2.2% -17.00 [-27.76, -6.24]
Frangolias et al. 1996b [39] 173 14 16 188 13 16 2.5% -15.00 [-24.36, -5.64] EE—
Gayda et al. 2010 [35] 138 11 21 154 15 21 2.9% -16.00 [-23.96, -8.04] I
Kanitz et al. 2014 [51] 174 9 12 190 5 12 3.5% -16.00 [-21.83, -10.17] —
Kruel et al. 2013 [52] 187 7 9 19% 4 9 3.7% -9.00 [-14.27, -3.73] I
Masumoto et al. 2018 [54] 174 10 11 191 7 11 3.1% -17.00 [-24.21, -9.79] I
Mercer and Jensen 1998 [49] 177 9 28 190 8 28 4.0% -13.00 [-17.46, -8.54] -
Michaud et al. 1995 [36] 169 13 6 184 6 6 2.0% -15.00 [-26.46, -3.54] I —
Nagle et al. 2017 [29] 181 11 23 191 11 23 34% -10.00 [-16.36, -3.64] -
Nakanishi et al. 1999 [53] 172 14 20 191 9 20 3.1% -19.00 [-26.29, -11.71] I
Nakanishi et al. 19992 [42] 169 15 14 194 7 14 2.7% -25.00[-33.67, -16.33]
Nakanishi et al. 1999 [42] 158 20 14 183 13 14 1.8% -25.00[-37.50,-12.50] —
Phillips et al. 2008 [55] 159 16 20 170 12 20 2.7% -11.00 [-19.77, -2.23]
Tiggemann et al. 2007 [45] 185 10 5 195 9 5 1.9% -10.00 [-21.79, 1.79] r
Subtotal (95% Cl) 358 358 80.9% -13.39 [-15.24, -11.55] ¢
Heterogeneity: Tau? = 9.61; Chi? = 46.66, df = 27 (P = 0.01); I = 42%
Test for overall effect: Z = 14.26 (P < 0.00001)
1.2.2 Ergometer
Garzon et al. 2017 [46] 167 12 33 177 14 33 3.4% -10.00[-16.29, -3.71] -
Giacomini et al. 2009 [44] 172 8 16 169 10 16 3.4% 3.00 [-3.27, 9.27] T
Greene et al. 2011 [48] 167 16 49 171 16 49 3.4% -4.00 [-10.34, 2.34] /T
Schaal et al. 2012 [25] 173 11 14 185 13 14 2.6% -12.00 [-20.92, -3.08] -
Silvers et al. 2007 [50] 189 10 23 190 11 23 3.5% -1.00 [-7.08, 5.08] T
Yazigi et al. 2013 [26] 187 11 10 189 7 10 2.8% -2.00 [-10.08, 6.08] - 1
Subtotal (95% Cl) 145 145 191% -4.03 [-8.46, 0.41] S
Heterogeneity: Tau? = 18.18; Chi? = 12.49, df =5 (P = 0.03); 1> = 60%
Test for overall effect: Z = 1.78 (P = 0.08)
Total (95% Cl) 503 503 100.0% -11.71 [-13.84, -9.58] ¢
Heterogeneity: Tau? = 24.59; Chi? = 95.73, df = 33 (P < 0.00001); I = 66% —H —t

-20 -10 0 10 20

Test for overall effect: Z = 10.77 (P < 0.00001) Water Land

Test for subgroup differences: Chi? = 14.62, df = 1 (P = 0.0001), 1> = 93.2%

Fig. 4 Random-effects meta-analysis of maximal heart rate in aquatic protocols
compared to land protocols. Subgroup analysis was based on studies organized from
protocols without ergometers and studies organized from protocols with ergometers. ClI
confidence interval, df degrees of freedom, N sample size, SD standard deviation
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Water Land Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Alberton et al. 2014 [28] 157 15 20 175 10 20 22.7% -18.00 [-25.90, -10.10] —
Azevedo et al. 20102 [40] 149 22 7 163 19 7 3.1% -14.00[-35.53,7.53] — [
Azevedo et al. 2010b [40] 151 14 10 161 15 10 8.8% -10.00 [-22.72, 2.72] - -
Frangolias and Rhodes 1995 [24] 152 12 13 165 11 13 18.1% -13.00[-21.85, -4.15] -
Frangolias et al. 1996° [39] 150 13 16 163 10 16 21.9% -13.00 [-21.04, -4.96] -
Kanitz et al. 2014 [51] 152 18 12 172 6 12 12.3% -20.00 [-30.74, -9.26] - -
Kruel et al. 2013 [52] 168 13 9 185 9 9 13.3% -17.00[-27.33, -6.67] I
Total (95% Cl) 87 87 100.0% -15.29 [-19.05, -11.53] ‘
Heterogeneity: Tau? = 0.00; Chi? = 2.54, df = 6 (P = 0.86); I> = 0% — —t
Test fo?overZIl effect: Z = 7.97 (P < 0.00001) ( ) 20 410 0 1020

Water Land

Fig. 5 Random-effects meta-analysis of heart rate corresponding to anaerobic threshold
in aquatic protocols compared to land protocols. ClI confidence interval, df degrees of
freedom, N sample size, SD standard deviation

3.6 Rating of Perceived Exertion

Considering the studies included in the meta-analysis of RPEmax (Fig. 6), there was no
difference between aquatic and land protocols (SMD: 0.01; 95% CI- 0.16 to 0.18; n =
299; p for heterogeneity = 0.39; 12 = 6%). Likewise, from the subgroup analysis, there
was no difference between environments for both aquatic non-ergometer protocols
(SMD: 0.02; 95% CI - 0.19 to 0.24; n = 213; p for heterogeneity = 0.25, 1> = 18%) and
ergometer protocols (SMD: 0.03; 95% CI - 0.33 to 0.27; n = 86; p for heterogeneity =
0.71; 12 = 0%). Considering the studies included in the meta-analysis of RPEaT (Fig. 7),
there was no difference found between aquatic and land protocols (MD: - 0.67; 95% CI
- 1.35 to 0.02; n = 55; p for heterogeneity = 0.46; 12 = 0%). Studies with aquatic

ergometers did not analyze the RPEAar.
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Water
Study or Subgroup Mean SD
1.3.1 Non-ergometer
Alberton et al. 2013 [27] 189 04
Alberton et al. 2014 [28] 18.8 0.5
Azevedo et al. 20102 [40] 19 1
Azevedo et al. 2010b [40] 19 1
Brown et al. 19962 [37] 18 2
Brown et al. 1996P [37] 18 2
Frangolias and Rhodes 1995 [24] 20 2
Frangolias et al. 19962 [39] 20 2
Frangolias et al. 1996P [39] 20 2
Masumoto et al. 2018 [54] 178 1.9
Michaud et al. 1995 [36] 9 24
Nagle et al. 2017 [29] 9.6 0.8
Nakanishi et al. 1999 [53] 9.6 0.8
Nakanishi et al. 19992 [42] 9.7 0.6
Nakanishi et al. 1999° [42] 9.2 11
Phillips et al. 2008 [55] 17 2

Subtotal (95% Cl)

Heterogeneity: Tau? = 0.03; Chi? = 18.30, df = 15 (P = 0.25); 1= 18%

Test for overall effect: Z = 0.18 (P = 0.85)

1.3.2 Ergometer
Greene et al. 2011 [48] 17
Schaal et al. 2012 [25] 18.9

Silvers et al. 2007 [50] 18.4
Subtotal (95% CI)

2
1
1.4

Heterogeneity: Tau? = 0.00; Chi?=0.68, df =2 (P = 0.71); I? = 0%

Test for overall effect: Z = 0.21 (P = 0.83)

Total (95% Cl)

Land
Total Mean SD Total Weight
9 189 0.3 9 3.2%
20 189 0.3 20 6.8%
7 18 2 7 2.4%
10 18 2 10 3.4%
12 19 2 12 4.1%
12 19 1 12 4.0%
13 20 2 13 4.6%
6 20 2 6 2.2%
16 20 2 16 5.5%
11 184 13 11 3.8%
6 9 24 6 2.2%
23 85 1.6 23 71%
20 9.7 0.7 20 6.8%
14 9.3 0.9 14 4.7%
14 9.6 0.7 14 4.8%
20 17 1 20 6.8%
213 213 72.3%
49 17 2 49 15.1%
14 187 14 14 4.9%
23 187 1.3 23 7.7%
86 86 27.7%
299 299 100.0%

Heterogeneity: Tau? = 0.01; Chi? = 19.07, df = 18 (P = 0.39); I? = 6%

Test for overall effect: Z = 0.08 (P = 0.93)

Test for subgroup differences: Chi? = 0.08, df =1 (P =0.78), I>= 0%

0.00 [-0.92, 0.92]
-0.24 [-0.86, 0.38]
0.59 [-0.49, 1.67]
0.61[-0.30, 1.51]
-0.48 [-1.30, 0.33]
-0.61[-1.43, 0.21]
0.00 [-0.77, 0.77]
0.00 [-1.13, 1.13]
0.00 [-0.69, 0.69]
-0.35[-1.20, 0.49]
0.00 [-1.13, 1.13]

0.85 [0.25, 1.46]
-0.13 [-0.75, 0.49]
0.51[-0.25, 1.26]
-0.42[-1.17, 0.33]
0.00 [-0.62, 0.62]
0.02 [0.19, 0.24]

0.00 [-0.40, 0.40]
0.16 [-0.58, 0.90]
-0.22 [-0.80, 0.36]
-0.03 [-0.33, 0.27]

0.01 [-0.16, 0.18]

*®.

05 0 05
Water Land

1

Fig. 6 Random-effects meta-analysis of maximal rating of perceived exertion in aquatic
protocols compared to land protocols. Subgroup analysis was based on studies
organized from protocols without ergometers and studies organized from protocols with
ergometers. Cl confidence interval, df degrees of freedom, N sample size, SD standard

deviation
Water Land Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random,95% CI 1IV,Random, 95% CI
Alberton et al. 2013 [27] 16 1.3 9 156 2.1 9 18.0% 0.40[-1.21, 2.01] =
Azevedo et al. 20102 [40] 13 1 7 13 2 7 171% 0.00 [-1.66, 1.66]
Azevedo et al. 2010b [40] 13 2 10 14 2 10 15.3% -1.00 [-2.75, 0.75] -
Frangolias and Rhodes 1995 [24] 12 2 13 13 2 13 19.8% -1.00 [-2.54, 0.54] - =1
Frangolias et al. 1996P [39] 121 1.6 16 134 2 16 29.8% -1.30 [-2.55, -0.05] - &
Total (95% Cl) 55 55 100.0%  -0.67 [-1.35, 0.02] P
Heterogeneity: Tau? = 0.00; Chi? = 3.60, df = 4 (P = 0.46); I>= 0% 1 S 1 2
Test for overall effect: Z = 1.91 (P = 0.06) Water Land

Fig. 7 Random-effects meta-analysis of rating of perceived exertion corresponding to
anaerobic threshold in aquatic protocols compared to land protocols. Cl confidence

interval, df degrees of freedom, N sample size, SD standard deviation
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4. DISCUSSION

The main aim of this review was to compare VO2, HR, and RPE parameters (maximal
and associated at the anaerobic threshold) between incremental protocols performed in
aguatic and land environments. The main findings of the present study were the lower
values during protocols performed in the aquatic environment compared with the land
environment for VO2max (MD = - 7.07 mL-kg™*-min7') and VOzar (MD = - 6.19
mL-kg™t-min7t), as well as for HRmax (MD = = 11.71 bpm) and HRat (MD = - 15.29
bpm). However, no difference was observed between protocols for the RPEmax (SMD =
0.01) and RPEAaT (MD = - 0.67).

The lower HR values in the aquatic environment, compared to land, at maximal and
associated at the anaerobic threshold can be attributed to physiological alterations in
response to specific physical properties of water. The hydrostatic pressure acting on the
body induces translocation of blood from the dependent limbs to the chest and
increased plasma volume due to transcapillary autotransfusion of fluid from the cells
[57, 58]. Moreover, the high heat conductivity of water can significantly influence human
function in the aquatic environment [59, 60]. These mechanisms augment intrathoracic
blood volume, increasing cardiac end diastolic volume, stroke volume, and cardiac
output due to increased end-diastolic cardiac fiber length and reducing the HR and total
peripheral resistance [14]. In addition, the increased venous return and atrial stretch
lead to the attenuated secretion of anti-natriuretic and anti-diuretic hormones and

increased atrial natriuretic peptide secretion, resulting in diuresis and natriuresis [14].

Regarding VOz, it is first essential to understand that oxygen uptake is the product of
cardiac output and arteriovenous difference. At rest, as a consequence of the increase
in cardiac output in immersion, some studies observed similar VO2 values between
aquatic and land environments, while other studies found a slight increase [61, 62]. In
this sense, for exercises performed on land, cardiac output increases because of
greater metabolic demand. However, exercises performed in the aquatic environment

reveal a higher cardiac output than on land, for an equivalent workload. Such cardiac
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output increase does not imply a proportional VO2 as on land because the
arteriovenous difference is lower in the water. Therefore, regardless of the blood
redistribution occurrence for the active muscles, this cardiac output increased would not
be expressively directed for these muscle groups, reflecting in a maximal and
submaximal (i.e., anaerobic threshold) VO:2 significantly lower in the aquatic

environment compared with the land environment, as the present results evidenced.

Regarding the RPE, no difference was observed between environments in maximal
effort or the anaerobic threshold intensity. This result suggests comparable effort
perception in relative and maximal intensity, independently of VO2 and HR lower values
in aquatic protocols. It may be attributed to RPE being defined as the subjective
intensity of effort, tension, discomfort, and/or fatigue felt or experienced during aerobic
and resistance exercises [63]. Thus, it should be considered that RPE is influenced by
other factors such as muscular effort against water resistance and the cardiorespiratory
component. It is noteworthy that even with no difference between water and land,
contrary to other parameters, RPE has a positive linear relationship with the
cardiorespiratory parameters, demonstrated by previous studies [10, 13, 64]. Therefore,
the RPE is a valid measure to represent physiological changes as the effort increases

within the same environment.

Using VO2 and HR values measured on the land environment in the prescription of
aguatic exercises may put individuals at greater cardiovascular risk, as it overestimates
the intensity of training, considering the physiological changes resulting from immersion.
Therefore, the present findings confirm the importance of specific maximal incremental
tests in the aquatic environment to adequately determine the maximal and submaximal
values for a suitable and safe prescription. However, RPE is interchangeable between
environments and may be safely employed in different populations, especially in older
individuals, who are frequently taking medications (e.g., beta-blockers) that can
influence cardiovascular responses to exercise. These findings can be an advantage of
using the RPE to prescribe intensity in the aquatic environment. This tool can avoid the
direct influence of the physiological effects of immersion and guarantee a suitable
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intensity prescription. In addition, the prescription of exercise intensity based on the
RPE has a greater external validity advantage, as it is a low-cost and straightforward
tool of easy applicability for group classes in the aquatic environment. However, the
extra time and effort are necessary to provide enough information before the beginning
of training programs so that the method may be suitable for reaching the target

intensity.

The physiological alterations caused by the hydrostatic pressure and high heat
conductivity during thermoneutral immersion in the aquatic environment may also have
important therapeutic repercussions. Obesity and cardiometabolic disorders are
associated with sympathetic hyperactivity, with high levels of vasoconstrictor hormones,
such as angiotensin Il [65], contrary to the effects caused by immersion. In addition, the
suppression of the renin-angiotensin system, also arising from immersion [66], iS an
interesting therapeutic target in individuals with excessive activation, a common
characteristic in individuals with obesity and type 2 diabetes [67]. In addition,
biomechanical aspects of aquatic exercises also may be considered as the low ground
reaction force because the buoyancy provides a reduced impact in lower limbs
compared with land [68, 69], which is a relevant characteristic for prescribing aerobic
exercises for individuals with osteoarticular disorders. Collectively, the aquatic

environment has therapeutic potential for training in these groups of clinical populations.

Another interesting result of our study is the subgroup analyzes for protocols with or
without ergometers. The difference in cardiorespiratory parameters between
environments only remains when summarized studies with non-ergometer protocols.
We can speculate reasons for these differences based on ergometer use. In protocols
with ergometer use, the overload is from water plus equipment mechanical load, while
in non-ergometer protocols it is only the water resistance. Thus, the superposition of
water resistance and mechanical load makes the physiological responses in the aquatic
environment closer to those observed on land protocols. Furthermore, it is essential to
highlight the specificity of ergometers in both environments, which makes the muscle

groups involved during exercises more similar [70] and the physiological responses
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closer, resulting in a more negligible effect of the properties of water. However, the main
modes of aquatic exercises performed in the vertical position (e.g., stationary water-
based exercises, shallow water running/walking, deep water running) are not intended
to simulate a protocol on land but to take advantage of the physical properties of water,
which makes it necessary to create specific protocols to ensure the particularities of the

environment.

We highlight that the heterogeneity between studies was substantial for VO2max and
HRmax, corresponding to 71% and 66%, respectively. However, the subgroup analysis
showed that for protocols without ergometers, the heterogeneity was moderate (12 =
38%; p = 0.02 for VO2zmax and 12 = 42%; p = 0.01 for HRmax). This result indicates that the
ergometer seems to be a source of heterogeneity, as varied ergometers were used (i.e.,
treadmills and cycle ergometers). Beyond the ergometers, although participants (i.e.,
sex, age, physical fithess) and protocol characteristics vary among studies, we believe
that these factors are not relevant, as according to the results, it seems that the effect of

the environment for protocols without ergometers are consistent in different participants.

Our results must be read in light of the primary studies’ quality. We chose to report the
Joanna Briggs Institute scale items separately instead of a single classification because
not all items represent quality and bias of the same magnitude. Furthermore, the
publication date of most studies precedes the reporting guidelines, and two items of the
scale were not considered as they are not suitable for the design of included studies.
We highlight that only one study adequately described the participant’s inclusion criteria
and setting. Out of 28 studies, seven described the statistical analysis satisfactorily, and
no study reported if there was and/or how the randomization of the aquatic/land
protocols sequence was carried out. Positively, all studies used and reported the
parameters assessments, and most of them (i.e., 26 studies) reported the wash-out
interval between protocols adequately. Future studies that intend to compare protocols
in water and land per se or as a baseline assessment for trials would pay attention to

the adequate reporting of methods.
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Our study is not free of limitations. In addition to the limited quality of the primary
studies, we did not include gray literature, and our eligibility had language restrictions. In
addition, a high level of heterogeneity was present for the VO2max and HRmax meta-
analyses, and as such, results should be interpreted with caution. Although we tried to
explore the causes of heterogeneity by performing subgroup analyses based on aquatic
ergometers, other factors that were not investigated may have contributed to the high
heterogeneity, such as mode of aquatic exercise, muscle groups involved in each
protocol, and protocol characteristics. However, we believe this is the first study with a
meta-analysis comparing cardiorespiratory and RPE parameters during incremental
tests between land and aquatic environments. In addition, the present research
encompassed a wide range of literature on the subject studied, including classic and
current studies. Likewise, it included the main modes of aquatic exercise performed in

the vertical position.

5. CONCLUSIONS

This review found that (1) cardiorespiratory parameters (i.e., VO2max, VO2a1, HRmax, and
HRaT) presented lower values during incremental protocols performed in the aquatic
environment compared with land; (2) RPEmax and RPEar presented similar values
during the protocols in both environments; and (3) subgroup analyses based on the use
of the ergometers indicated differences in cardiorespiratory parameters between
environments only for studies that employed aquatic protocols without ergometers,
while no difference was observed for studies with aquatic ergometers. Our study
reinforces the need to perform incremental tests in the aquatic environment when VO2
and HR parameters are used for exercise prescription. At the same time, RPE seems
an interchangeable measure of exercise intensity, with similar values during the
protocols in both environments. These findings may prove valuable and helpful for
coaches and researchers to prescribe water-based exercise programs more adequately

according to preference and availability of resources.
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Table 1 Complete database search strategy.

Database Search Strategy

#1 “water-based exercis*’[tiab] OR “water-based’[tiab] OR “aquatic
exercis*”[tiab] OR aquatic OR “head-out water-based”[tiab] OR "water
running"[tiab] OR “water walking”[tiab] OR “water cycling’[tiab] OR “aquatic
cycling”[tiab] OR “deep water” OR “deep-water running”[tiab] OR “water-
based aerobic exercise”’[tiab] OR “water aerobic exercis*’[tiab] OR
“underwater walking”’[tiab] OR “underwater gait’[tiab] OR “aquajogging”[tiab]
OR “hydrogymnastic*”[tiab] OR “water exercise” OR “water environment”
OR “aquatic environment”

#2 “Physical Exertion’[Mesh] OR “Exercise test’[Mesh] OR “Exercise
testing” OR “Cardiopulmonary exercise test’[tiab] OR Cardiorespiratory][tiab]
OR “Cardiorespiratory respons*”’[tiab] OR “Exercise tolerance’[Mesh] OR
“Exercise capacity’[tiab] OR “Maximal incremental test’[tiab] OR “Oxygen
Consumption’[Mesh] OR “Oxygen uptake”[tiab] OR “Peak oxygen
uptake”[tiab] OR “Maximal oxygen consumption”[tiab] OR “Maximal oxygen
uptake”[tiab] OR “Graded exercise test’[tiab] OR “Maximal test’[tiab] OR
“VO27[tiab] OR “VO2 max”[tiab] OR “VO2 peak’[tiab]

PubMed

#3 Review[ti] OR Cohort[ti] OR Meta-analysis[ti] OR Synthesis|[ti] OR
Consensusiti]

#1 AND #2 NOT #3

“water-based exercise” OR “water based” OR “water exercise” OR "water
running” OR “water walking” OR “water cycling” OR “deep-water running”
Lilacs OR “deep water OR “water-based aerobic exercise” OR “water aerobic
exercise” OR “aquatic exercise” OR “aquatic cycling” OR aquatic OR
“underwater walking” OR “underwater gait” OR (water AND exercise)

#1 'water based exercise'/exp OR 'deep water running'/exp OR 'aquatic
exercise'/exp OR 'aquatic exercise' OR 'exercise, aquatic' OR 'underwater
exercise'/exp OR 'water-based exercis*:ti,ab OR 'water based"ti,ab OR
‘aquatic exercis*ti,ab OR 'head-out water-based"ti,ab OR 'water
running':ti,ab OR 'water walking'ti,ab OR 'water cycling':ti,ab OR 'aquatic
cycling'ti,ab OR 'deep water':ti,ab OR 'water-based aerobic exercise':ti,ab
OR 'water aerobic exercis*:ti,ab OR 'underwater walking':ti,ab OR
‘'underwater gait':ti,ab OR aquajogging:ti,ab OR hydrogymnastic*:ti,ab OR
Embase ‘water exercise':ti,ab OR 'water environment':ti,ab

#2 'exercise test'/exp OR 'effort test' OR 'exercise test' OR 'exercise testing'
OR 'stress test' OR 'test, exercise' OR 'cardiopulmonary exercise test'/exp
OR 'cardiopulmonary exercise test' OR 'cardiorespiratory response'/exp OR
‘exercise tolerance'/exp OR 'exercise tolerance' OR 'tolerance, exercise' OR
‘exercise tolerance test'/exp OR 'oxygen consumption'/exp OR '02
consumption' OR '02 uptake' OR 'oxygen consumption' OR 'oxygen
demand' OR 'oxygen intake' OR 'oxygen requirement' OR 'oxygen uptake'
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OR 'oxygen utilization' OR 'peak oxygen uptake'/exp OR 'maximal oxygen
consumption'/exp OR 'maximal oxygen uptake'/exp OR 'graded exercise
test'/exp OR 'exercise testing':ti,ab OR 'cardiorespiratory fithess'/exp OR
‘cardiorespiratory fitness' OR 'cardiorespiratory respons*'ti,ab OR 'exercise
capacity':ti,ab OR 'maximal incremental test'"ti,ab OR 'oxygen uptake'ti,ab
OR 'maximal test"ti,ab OR vo2:ti,ab

#3 'review"ti OR 'meta analysis':ti OR 'consensus'ti

#1 AND #2 NOT #3

SPORTDiscus

*7

#1 “water-based exercis*” OR “water-based” OR “head-out water-based”
OR "water running" OR “water walking” OR “water cycling” OR “aquatic
cycling” OR “deep-water running” OR “water-based aerobic exercise” OR
“underwater walking” OR “underwater gait” OR “aquajogging” OR
“hydrogymnastics” OR "AQUATIC exercises" OR "WATER aerobics" OR
"AQUATIC exercises -- Therapeutic use” OR aquatic OR “deep water” OR
OR “water exercise” OR “water environment” OR “aquatic environment”

#2 “Exercise testing” OR “Cardiopulmonary exercise test” OR
“Cardiorespiratory response” OR “Exercise capacity” OR “Maximal
incremental test” OR “Oxygen uptake” OR “Peak oxygen uptake” OR
“Maximal oxygen consumption” OR “Maximal oxygen uptake” OR “Graded
exercise test” OR “Maximal test” OR “Maximal incremental test” OR “VO2”
OR “VYO2 max” OR “VO2 peak” OR "EXERCISE tests" OR "EXERCISE
tolerance" OR "AEROBIC capacity" OR "CARDIOPULMONARY fitness
measurement” OR "CARDIOPULMONARY fitness" OR "OXYGEN
consumption”

#3 Tl (Review OR Cohort OR Meta-analysis OR Synthesis OR Consensus)

#1 AND #2 NOT #3
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Journal of Strength & Conditioning Research

Information for Authors
The Journal of Strength and Conditioning Research (JSCR) is the official research journal of the National Strength
and Conditioning Association (NSCA). The JSCR is published monthly. Membership in the NSCA is not a requirement
for publication in the journal. JSCR publishes original investigations, systematic, and narrative reviews and meta-
analyses, symposia, research notes, and technical and methodological reports contributing to the knowledge about
strength and conditioning in sport and exercise. All manuscripts must be original works and present practical
applications to the strength and conditioning professional or provide the basis for further applied research in the area.
Manuscripts are subjected to a "double blind" peer review by at least two reviewers selected by Senior Associate
Editors who are experts in the field. In some cases a "single blind" peer review may occur if a Senior Associate Editor
is forced to serve as a reviewer. All editorial decisions are final and will be based on the quality, clarity, style, rank,
and importance of the submission relative to the goals and objectives of the NSCA and the journal. Manuscripts can
be rejected on impact alone as it relates to how the findings impact evidence based practice for strength and
conditioning professionals, end users, and clinicians. Thus, it is important authors realize this when submitting
manuscripts to the journal.

JSCR Senior Associate Editors will administratively REJECT a paper before review if it is deemed to have very low
impact on practice, out of scope of the journal, poor experimental design, improperly formatted, and/or poorly written.
Additionally, upon any revision the manuscript can be REJECTED if experimental issues and impact are not
adequately addressed to reviewers, Senior Associate Editor, or Editor-in-Chief's satisfaction. The formatting of the
manuscript is of great importance and manuscripts will be rejected if NOT PROPERLY formatted.

EDITORIAL MISSION STATEMENT

The editorial mission of the JSCR, formerly the Journal of Applied Sport Science Research (JASSR), is to advance
the knowledge about strength and conditioning through research. Since 1978 the NSCA has attempted to “bridge the
gap” from the scientific laboratory to the field practitioner. A unique aspect of this journal is the inclusion of
recommendations for the practical use of research findings. While the journal name identifies strength and
conditioning as separate entities, strength is considered a part of conditioning. This journal wishes to promote the
publication of peer-reviewed manuscripts that add to our understanding of strength training and conditioning for
fitness and sport through applied exercise and sport science. The conditioning process and proper exercise
prescription impact a wide range of populations from children to older adults, from youth sport to professional athletes.
Understanding the conditioning process and how other practices such as such as nutrition, technology, exercise
techniques, and biomechanics support it is important for the practitioner to know.

Original Research

JSCR publishes research on the effects of training programs on physical performance and function to the underlying
biological basis for exercise performance as well as research from a number of disciplines attempting to gain insights
about sport, sport demands, sport profiles, conditioning, and exercise such as biomechanics, exercise physiology,
motor learning, nutrition, and psychology. A primary goal of JSCR is to provide an improved scientific basis for
conditioning practices. JSCR will ONLY CONSIDER original manuscripts not currently under consideration from other
journals. JSCR will NOT CONSIDER any manuscripts previously published on preprint servers or resubmitted
manuscripts previously rejected by JSCR.

Article Types

JSCR publishes original investigations, symposia, brief systematic, and narrative reviews and meta-analyses,
technical reports and research notes that are related to the journal's mission. A symposium is a group of articles by
different authors that address an issue from various perspectives. The reviews and meta-analyses should provide a
critical examination of the literature and integrate the results of previous research in an attempt to educate the reader
as to the basic and applied aspects of the topic. There is no word limit to the reviews. However, appropriate length will
be determined by Senior Associate Editors and reviewers during the review process. We are especially interested in
applied aspects of the reviewed literature. In addition, the author(s) should have experience and research background
in the topic area they are writing about in order to claim expertise in this area of study and give credibility to their
recommendations. A research note is a brief research study (~1500-2000 words) that typically consists of a simple
research design and only few dependent variables. It is formatted identical to an original study with the same features,
i.e. Abstract, Introduction, Methods, Results, Discussion, Practical Applications, and References, but with limited
tables, figures, and reference numbers.

The JSCR strongly encourages the submission of manuscripts detailing methodologies that help to advance the study
and improve the practice of strength and conditioning.

Manuscript Clarifications

Manuscript Clarifications will be considered and will only be published online if accepted. Not all requests for
manuscript clarifications will be published due to costs or content importance. Each will be reviewed by a specific sub-
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committee of Associate Editors to determine if it merits publication. A written review with needed revisions will be
provided if it merits consideration. Manuscript Clarifications are limited to 400 words and should only pose
professional questions to the authors and not editorial comments. If accepted, a copy will be sent to the author of the
original article with an invitation to submit answers to the questions in the same manner again with a 400 word limit. It
will be reviewed by the sub-committee and revisions requested if needed before it is published. Only one round of
correspondence between the research group initiating the Manuscript Clarification and the authors of the investigation
in question will be permitted.
Submissions should be sent to the JSCR Editor-In-Chief via email:
ratamess@tcnj.edu
MANUSCRIPT SUBMISSION GUIDELINES
All manuscripts must be submitted online at http://www.editorialmanager.com/JSCR following the instructions below.
Manuscripts submitted via e-mail WILL NOT be considered for publication.
1. A cover letter must accompany the manuscript and state the following: "This manuscript is original and not
previously published in any form including on preprint servers, nor is it being considered elsewhere until a decision is
made as to its acceptability by the JSCR Editorial Review Board." Please include the corresponding author's full
contact information, including address, email, and phone number. The corresponding author assumes full ownership
for all communication related to the manuscript with the journal office.
2. All authors MUST respond to the automated e-mail and complete the copyright transfer form (eCTA) during the
submission process. Manuscript acceptability will not be determined until all eCTAs have been completed.
Corresponding authors are strongly encouraged to supervise the completion of eCTAs from all co-authors.
3. All authors should be actively involved in the publication, be able to defend the paper and its findings, take full
responsibility for all of its content, and should have signed off on the final version that is submitted. For additional
details related to authorship, see "Uniform Requirements for Manuscripts Submitted to Biomedical Journals"
at http://www.icmje.org/. All authors must have made significant contributions to manuscript to justify authorship and
individual author contributions may be disclosed in the Acknowledgments section. The order of authorship must be
agreed upon by all authors prior to initial submission to JSCR.
4. The NSCA and the Editorial Board of the JSCR have endorsed the American College of Sports Medicine’s policies
with regards to animal and human experimentation. Their guidelines can be found online
at http://www.editorialmanager.com/msse/. Please read these policies carefully. Each manuscript must show that they
have had Institutional Board approval for their research and appropriate consent has been obtained pursuant to law.
All manuscripts must have this clearly stated in the methods section of the paper or the manuscript will not be
considered for publication. Exempt studies involving human subjects (i.e. retrospective data analysis, analysis of
publically available data, educational research, analysis of surveys and interviews) must include a statement of
Institutional Review Board approval per journal policy.
5. All manuscripts must be double-spaced with an additional space between paragraphs. The paper should include a
minimum of 1-inch margins and page numbers in the upper right corner next to the running head. Authors must use
terminology based upon the International System of Units (SI). A full list of Sl units can be accessed online
at http://physics.nist.gov/.
6. The JSCR endorses the same policies as the American College of Sports Medicine in that the language is English
for the publication. “Authors who speak English as a second language are encouraged to seek the assistance of a
colleague experienced in writing for English language journals. Authors are encouraged to use nonsexist language as
defined in the American Psychologist 30:682- 684, 1975, and to be sensitive to the semantic description of persons
with chronic diseases and disabilities, as outlined in an editorial in Medicine & Science in Sports & Exercise_, 23(11),
1991. As a general rule, only standardized abbreviations and symbols should be used. If unfamiliar abbreviations are
employed, they should be defined when they first appear in the text. Authors should follow Webster's Tenth Collegiate
Dictionary for spelling, compounding, and division of words. Trademark names should be capitalized and the spelling
verified. Chemical or generic names should precede the trade name or abbreviation of a drug the first time it is used in
the text.”
7. There are no word limitations to original studies and reviews but authors are instructed to be concise and accurate
in their presentation and length will be evaluated by the Editor and reviewers for appropriateness.
8. Scientific misconduct (i.e. data fabrication, falsification, deceptive image manipulation, plagiarism, ethics violations,
undisclosed conflicts of interest, duplicate publication, and human/animal research violations) will not be tolerated.
Concerns of alleged scientific misconduct should be brought to the attention of the Editor-in-Chief for review using
procedures established by the Committee on Publication Ethics (COPE) (publicationethics.org/resources/flowcharts).
Pending review of the claims, consequential actions may include rejection of the submitted manuscript of interest,
informing the authors’ institution of the alleged misconduct, retraction of a previously-published paper, and potential
debarment of the author(s) from future JSCR publication. Additional scientific misconduct details may be found
at http://www.icmje.org/. Acknowledgment of honest error, omission, or differences in data interpretation that do not
alter the findings of a paper may occur via the Manuscript Clarification process or publication of an Erratum.
Please Note

e Please make sure it is noted under the "Subjects" section in the METHODS that the study was approved by

an Institutional Review Board (IRB) or Ethics Board and that the subjects were informed of the benefits and
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risks of the investigation prior to signing an institutionally approved informed consent document to participate
in the study. Additionally, if anyone who is under the age of 18 years of age is included, it should also be
noted that parental or guardian signed consent was obtained. Please give the age range if the mean and SD
suggest the subjects may have been under the age of 18 years. Authors are encouraged to include the IRB
protocol or approval number.
e Make SURE you have all your tables and figures attached and noted in the text of paper as well as below a
paragraph of where it should be placed.
e Very IMPORTANT---Table files must be MADE in Word NOT copied into Word.
MANUSCRIPT PREPARATION
1. Title Page
The title page should include the manuscript title, brief running head, laboratory(s) where the research was
conducted, authors’ full name(s) spelled out with middle initials, department(s), institution(s), full mailing address of
corresponding author including telephone and fax numbers, and email address, and disclosure of funding received for
this work from any of the following organizations: National Institutes of Health (NIH); Wellcome Trust; Howard Hughes
Medical Institute (HHMI); and other(s). Regarding authorship, each contributor should have played a role in at least
two of the following areas: research concept and study design, literature review, data collection, data analysis and
interpretation, statistical analyses, writing of the manuscript, or reviewing/editing a draft of the manuscript.
2. Blind Title Page
A second title page should be included that contains only the manuscript title. This will be used to send to the
reviewers in our double blind process of review. Do not place identifying information in the Acknowledgment portion of
the paper or anywhere else in the manuscript.
3. Abstract and Key Words
On a separate page, the manuscript must have an abstract with a limit of 250 words followed by 3 - 6 key words not
used in the title. The abstract should have sentences (no headings) related to the purpose of the study, brief methods,
results, conclusions and practical applications, and should include a statement denoting the level of significance set
for the study (i.e. p £0.05).
4. Text
The text must contain the following sections with titles in ALL CAPS (i.e. INTRODUCTION, METHODS, RESULTS,
DISCUSSION, PRACTICAL APPLICATIONS, ACKNOWLEDGMENTS, and REFERENCES) in this exact order:
A. Introduction. This section is a careful development of the hypotheses of the study leading to the clear purpose of
the investigation. It should include the practical question that forms the basis of the study and how it may influence
strength and conditioning practices. In most cases use no subheadings in this section and try to limititto 4 - 6
concisely written paragraphs. The subject matter does not have to be exhaustively reviewed in this section.
B. Methods. Within the METHODS section, the following subheadings are required in the following order:
"Experimental Approach to the Problem," where the author(s) show how their study design will be able to test the
hypotheses developed in the introduction and give some basic rationales for the choices made for the independent
and dependent variables used in the study; "Subjects," where the authors include the Institutional Review Board or
Ethics Committee approval of their project and appropriate informed consent has been gained. Eligibility criteria for
subject selection should be included in the manuscript. Authors should include relative descriptive information such as
age, height, body mass, and when appropriate the training status and training history of the subjects, e.g. years of
training or sport experience. When appropriate, dietary controls and supervision should be described. All subject
characteristics that are not dependent variables of the study should be included in this section and not in the
RESULTS; "Procedures," in this section the methods used are presented with the concept of "replication of the study"”
kept in mind. Authors should describe the research design used in the study. Training programs and testing methods
used should be described in detail. Authors are strongly encouraged to include a Control group/condition when
appropriate. If a Control group/condition is not used, authors MUST provide test-retest reliability coefficients of the
measures used during protocols involving multiple testing periods. Test-retest reliability data should be generated
from the authors' laboratory and not merely cited from literature obtained in other laboratories. Additionally, reviewers
will look for experimental control for time of day, hydration, sleep and nutritional status. "Statistical Analyses," here is
where you clearly state your statistical approach to the analysis of the data set(s). It is important that you include your
alpha level for significance (e.g., p < 0.05). Please place your statistical power in the manuscript for the n size used
and reliability of the dependent measures with intra-class correlations (ICC Rs). Additional subheadings can be used
but should be limited. Authors should report effect sizes and confidence intervals when appropriate. Traditional
statistical procedures must be used. The magnitude-based inference (MBI) approach may be used BUT ONLY IN
CONJUNCTION with traditional methods.
C. Results. Present the results of your study in this section. Put the most important findings in Figure or Table format
and less important findings in the text. Do not include data that is not part of the experimental design or that has been
published before. Authors should not replicate data present in the text in tables or figures.
D. Discussion. Discuss the meaning of the results of your study in this section. Relate them to the literature that
currently exists and make sure you bring the paper to completion with each of your hypotheses. Authors should
emphasize the new and unique findings of the study. Conclusions should be supported by the data presented. Limit
obvious statements like, “more research is needed.”
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E. Practical Applications. In this section, tell the “coach” or practitioner how your data can be applied and used. It
should reflect the answer to the question posed in the Introduction. It is the distinctive characteristic of the JSCR and
supports the mission of “Bridging the Gap” for the NSCA between the laboratory and the field practitioner. This
section should be limited to 350 words or less.

5. References

All references must be alphabetized by surname of first author and numbered. References are cited in the text by
numbers [e.g., (4,9)]. All references listed must be cited in the manuscript and referred to by number therein. For
original investigations, please limit the number of references to fewer than 45 or explain why more are necessary. The
Editorial Office reserves the right to ask authors to reduce the number of references in the manuscript. It is acceptable
to cite a published Research Abstract ONLY if it is a sole source of information in that specific scientific area. JSCR
forbids the citation of manuscripts published on preprint servers. For journal entries with 6 or more co-authors, please
list the first 3 names followed by "et al." When citing chapters within an edited textbook, authors MUST specifically cite
the chapter author names (not the editors). Authors must also include the chapter name and page range for all book
references. Please check references carefully for accuracy. Changes to references at the proof stage, especially
changes affecting the numerical order in which they appear, will result in author revision fees. For End Note Users, the
software currently is using an older style of formatting for JSCR references. It is recommended that authors update
the final reference list by either manually checking each reference to ensure proper formatting or updating their End
Note software. To update the software, End Note users may edit "Output Styles" for JSCR and save the changes.
Users may click "Citations" and "Author Lists" to edit "Author Separators” "and "Abbreviated Author List". This will
allow users to remove the term "and" and use "et al." for referencing. Questions regarding End Note use or software
editing are directed to Clarivate support at 1-800-336-4474. If using End Note please double-check citations and
make sure journal article titles do not have all words capitalized and journal titles are abbreviated properly and
italicized.

Below are several examples of references:

Journal Article

Hartung, GH, Blancq, RJ, Lally, DA, Krock, LP. Estimation of aerobic capacity from submaximal cycle ergometry in
women. Med Sci Sports Exerc 27: 452-457, 1995.

Kraemer, WJ, Hatfield DL, Comstock, BA, et al. Influence of HMB supplementation and resistance training on
cytokines responses to resistance exercise. J Am Coll Nutr 33: 247-255, 2014.

Book

Lohman, TG. Advances in Body Composition Assessment. Champaign, IL: Human Kinetics, 1992.

Chapter in an edited book

Yahara, ML. The shoulder. In: Clinical Orthopedic Physical Therapy. J.K. Richardson and Z.A. Iglarsh, eds.
Philadelphia: Saunders, 1994. pp. 159-199.

Software

Howard, A. Moments Y2software_. University of Queensland, 1992.

Proceedings

Viru, A, Viru, M, Harris, R, Oopik, V, Nurmekivi, A, Medijainen, L, Timpmann, S. Performance capacity in middle-
distance runners after enrichment of diet by creatine and creatine action on protein synthesis rate. In: Proceedings of
the 2nd Maccabiah-Wingate International Congress of Sport and Coaching Sciences. G. Tenenbaum and T. Raz-
Liebermann, eds. Netanya, Israel, Wingate Institute, 1993. pp. 22—30.

Dissertation/Thesis

Bartholmew, SA. Plyometric and vertical jump training.Master’s thesis, University of North Carolina, Chapel Hill, 1985.
6. Acknowledgments

In this section you can place the information related to identification of funding sources; current contact information of
corresponding author; and gratitude to other people involved with the conduct of the experiment. In this part of the
paper the conflict of interest information must be included. In particular, authors should: 1) Disclose professional
relationships with companies or manufacturers who will benefit from the results of the present study, 2) Cite the
specific grant support for the study and 3) State that the results of the present study do not constitute endorsement of
the product by the authors or the NSCA. Failure to disclose such information could result in the rejection of the
submitted manuscript. In addition, individual author contributions to the manuscript may be listed here.

7. Figures

Figure legends should appear on a separate page, with each figure appearing on its own separate page. One set of
figures should accompany each manuscript. Use only clearly delineated symbols and bars. Please do not mask the
facial features of subjects in figures. Permission of the subject to use his/her likeness in the Journal should be
included in each submission. Photo release forms may be downloaded from the Information for Authors page

at https://journals.lww.com/nsca-jscr/pages/informationforauthors.aspx.

Electronic photographs copied and pasted into Word and PowerPoint will not be accepted. Images should be scanned
at a minimum of 300 pixels per inch (ppi). Line art should be scanned at 1200 ppi. Please indicate the file format of
the graphics. We accept TIFF or EPS format for both Macintosh and PC platforms. We also accept image files in the
following Native Application File Formats:

_ Adobe Photoshop (.psd)
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_ lllustrator (.ai)

_ PowerPoint (.ppt)

_ QuarkXPress (.gxd)

If you will be using a digital camera to capture images for print production, you must use the highest resolution setting
option with the least amount of compression. Digital camera manufacturers use many different terms and file formats
when capturing high-resolution images, so please refer to your camera’s manual for more information.

Placement: Make sure that you have cited each figure and table in the text of the manuscript. Also show where it is to
be place by noting this between paragraphs, such as Figure 1 about here or Table 1 about here.

Color figures: The journal accepts color figures for publication that will enhance an article. Authors who submit color
figures will receive an estimate of the cost for color reproduction in print. If they decide not to pay for color
reproduction in print, they can request that the figures be converted to black and white at no charge. All color figures
can appear in color in the online version of the journal at no charge (Note: this includes the online version on the
journal website and Ovid, but not the iPad edition currently)

8. Tables

Tables must be double-spaced on separate sheets and include a brief title. Provide generous spacing within tables
and use as few line rules as possible. When tables are necessary, the information should not duplicate data in the
text. All figures and tables must include standard deviations or standard errors. Please be careful to limit tables that
extend to multiple Word document pages.

9. Supplemental Digital Content (SDC)

Authors may submit SDC via Editorial Manager to LWW journals that enhance their article’s text to be considered for
online posting. SDC may include standard media such as text documents, graphs, audio, video, etc. On the Attach
Files page of the submission process, please select Supplemental Audio, Video, or Data for your uploaded file as the
Submission Item. If an article with SDC is accepted, our production staff will create a URL with the SDC file. The
URLwill be placed in the call-out within the article. SDC files are not copy-edited by LWW staff, they will be presented
digitally as submitted. For a list of all available file types and detailed instructions, please

visit http://links.lww.com/A142.

SDC Call-outs

Supplemental Digital Content must be cited consecutively in the text of the submitted manuscript. Citations should
include the type of material submitted (Audio, Figure, Table, etc.), be clearly labeled as “Supplemental Digital
Content,” include the sequential list number, and provide a description of the supplemental content. All descriptive
text should be included in the call-out as it will not appear elsewhere in the article.

Example:

We performed many tests on the degrees of flexibility in the elbow (see Video, Supplemental Digital Content 1, which
demonstrates elbow flexibility) and found our results inconclusive.

List of Supplemental Digital Content

A listing of Supplemental Digital Content must be submitted at the end of the manuscript file. Include the SDC number
and file type of the Supplemental Digital Content. This text will be removed by our production staff and not be
published.

Example:

Supplemental Digital Content 1. wmv

SDC File Requirements

All acceptable file types are permissible up to 10 MBs. For audio or video files greater than 10 MBs, authors should
first query the journal office for approval. For a list of all available file types and detailed instructions, please

visit http://links.lww.com/A142.

Electronic Page Proofs and Corrections

Corresponding authors will receive electronic page proofs to check the copyedited and typeset article before
publication. Portable document format (PDF) files of the typeset pages and support documents (e.g., reprint order
form) will be sent to the corresponding author via e-mail. Complete instructions will be provided with the e-mail for
downloading and marking the electronic page proofs. Corresponding author must provide an email address. The
proof/correction process is done electronically.

It is the author's responsibility to ensure that there are no errors in the proofs. Authors who are not native English
speakers are strongly encouraged to have their manuscript carefully edited by a native English-speaking colleague.
Changes that have been made to conform to journal style will stand if they do not alter the authors' meaning. Only the
most critical changes to the accuracy of the content will be made. Changes that are stylistic or are a reworking of
previously accepted material will be disallowed. The publisher reserves the right to deny any changes that do not
affect the accuracy of the content. Authors may be charged for alterations to the proofs beyond those required to
correct errors or to answer queries. Electronic proofs must be checked carefully and corrections returned within 24 to
48 hours of receipt, as requested in the cover letter accompanying the page proofs.

AUTHOR FEES

JSCR does not charge authors a manuscript submission fee or page charges. However, once a manuscript is
accepted for publication and sent in for typesetting, it is expected to be in its final form.
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OPEN ACCESS

Authors of accepted peer-reviewed articles have the choice to pay a fee to allow perpetual unrestricted online access
to their published article to readers globally, immediately upon publication. Authors may take advantage of the open
access option at the point of acceptance to ensure that this choice has no influence on the peer review and
acceptance process. These articles are subject to the journal's standard peer-review process and will be accepted or
rejected based on their own merit.

The article processing charge (APC) is charged on acceptance of the article and should be paid within 30 days by the
author, funding agency or institution. Payment must be processed for the article to be published open access. For a
list of journals and pricing please visit our Wolters Kluwer Open Health Journals page. Please select the journal
category Sports and Exercise Medicine.

Authors retain copyright

Authors retain their copyright for all articles they opt to publish open access. Authors grant Wolters Kluwer an
exclusive license to publish the article and the article is made available under the terms of a Creative Commons user
license. Please visit our Open Access Publication Process page for more information.

Creative Commons license

Open access articles are freely available to read, download and share from the time of publication under the terms of
the Creative Commons License Attribution-Non Commercial No Derivative (CC BY-NC-ND) license. This license does
not permit reuse for any commercial purposes nor does it cover the reuse or modification of individual elements of the
work (such as figures, tables, etc.) in the creation of derivative works without specific permission.

Compliance with funder mandated open access policies

An author whose work is funded by an organization that mandates the use of the Creative Commons Attribution (CC
BY) license is able to meet that requirement through the available open access license for approved funders.
Information about the approved funders can be found here: http://www.wkopenhealth.com/inst-fund.php

FAQ for open access

http://www.wkopenhealth.com/openaccessfaq.php

Clinical Trial Registration and Data Sharing

Regarding publication of clinical trials, registration of a trial in a public registry is recommended. The Editor does not
advocate a particular registry but recommends the registry meets the criteria set out in the statement of policy of the
International Committee of Medical Journal Editors (www.icmje.org). An acceptable registry should include the
minimum 20-item trial registration dataset.

TERMINOLOGY AND UNITS OF MEASUREMENT

Per the JSCR Editorial Board and to promote consistency and clarity of communication among all scientific journals,
authors should use standard terms generally acceptable to the field of exercise science and sports science. Along
with the American College of Sports Medicine’s Medicine and Science in Sport and Exercise, the JSCR Editorial
Board endorses the use of the following terms and units.

The units of measurement shall be Systeme International d’Unite” s (SI). Permitted exceptions to Sl are heart rate—
beats per min; blood pressure—mm Hg; gas pressure—mm Hg. Authors should refer to the British Medical Journal
(1:1334 — 1336, 1978) and the Annals of Internal Medicine (106: 114 — 129, 1987) for the proper method to express
other units or abbreviations. When expressing units, please locate the multiplication symbol midway between lines to
avoid confusion with periods; e.g., ml-min-t-kg?.

The basic and derived units most commonly used in reporting research in this Journal include the following: mass—
gram (g) or kilogram (kg); force—newton (N); distance—meter (m), kilometer (km); temperature—degree Celsius
(_C); energy, heat, work—joule (J) or kilojoule (kJ); power—watt (W); torque—newton-meter (N_m); frequency—
hertz (Hz); pressure—pascal (Pa); time—second (s), minute (min), hour (h); volume—liter (L), milliliter (mL); and
amount of a particular substance—mole (mol), millimole (mmol). Please note that the correct way to express body
mass of the subjects is in kg and not "weight (Ibs)" or "weight (kg)."

Selected conversion factors:

_1N=0.102 kg (force);

_1J=1N_m=0.000239 kcal = 0.102 kg_m;

_1kJ=1000N_m =0.239 kcal =102 kg_m;

_1W=1J s-1=6.118 kg_m_min-1.

When using nomenclature for muscle fiber types please use the following terms. Muscle fiber types can be identified
using histochemical or gel electrophoresis methods of classification. Histochemical staining of the ATPases is used to
separate fibers into type | (slow twitch), type lla (fast twitch) and type Ilb (fast twitch) forms.Thework of Smerdu et. al
(AJP 267:C1723, 1994) indicates that type IIb fibers contain type lixmyosin heavy chain (gel electrophoresis fiber
typing). For the sake of continuity and to decrease confusion on this point it is recommended that authors use lIx to
designate what use to be called IIb fibers. Smerdu, V, Karsch-Mizrachi, |, Campione, M, Leinwand, L, and Schiaffino,
S. Type lIx myosin heavy chain transcripts are expressed in type Ilb fibers of human skeletal muscle. Am J Physiol
267 (6 Pt 1): C1723-1728, 1994.
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For permission and/or rights to use content for which the copyright holder is the society or Wolters Kluwer/LWW,
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please go to the journal's website and after clicking on the relevant article, click on the “Request Permissions” link
under the article. Alternatively, send an e-mail to customercare@copyright.com.

For Translation Rights & Licensing queries, please contact healthlicensing@wolterskluwer.com.

Reprints

Authors will receive an email notification with a link to the order form soon after their article publishes in the journal
(https://shop.lww.com/author-reprint). Reprints are normally shipped 6 to 8 weeks after publication of the issue in
which the item appears. Contact the Reprint Department, Lippincott Williams & Wilkins, 351 W. Camden Street,
Baltimore, MD 21201; E-mail: authorreprints@wolterskluwer.com with any questions.
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ANEXO Il - Normas submisséao
Sports Medicine

Instructions for Authors

Please read these instructions in conjunction with the "Additional Information for Authors" document. This document,
together with other useful submission documentation, can be found by following the "Important Information for
Authors" link:

Types of Papers

Please note:

There is no limit on the number of tables, figures or references that can accompany an article. Information that is
relevant but not critical to understanding the article can be presented as supplementary information, which will be
available online only. The word counts given below are to be treated as guides only. They do not include the abstract,
references, figure legends or table captions. Sports Medicine does not specify a word limit for Original Research
Articles.

e Review Article. Word count up to 8000. Provides an authoritative, balanced, comprehensive, fully referenced
and critical review of the literature.

e  Current Opinion. Word count approximately up to 3000. Places an area in perspective given that it is of
current international interest and a consensus has not yet been reached; therefore, the arguments presented
may be controversial, but at the same time must be balanced and rational.

e Leading Article. Word count up to 4000. Provides a short, balanced overview of the current state of
development of an emerging area.

e Systematic Review. Word count up to 10,000. Collates all empirical evidence that fits pre-specified eligibility
criteria to answer a specific research question. It uses explicit, systematic methods that are selected with a
view to minimizing bias, thus providing reliable findings from which conclusions can be drawn and decisions
made. Please follow the reporting guidelines of PRISMA.

e Original Research Article. Sports Medicine will consider high-quality original research with a strong link to
clinical practice in the field of sport and exercise medicine.

e Letter to the Editor. Word count up to 1000. Comment on an article published recently in the journal; a
response to the comments would normally be sought from the authors of the original article and published in
the same issue, where possible.

The journal can publish a range of digital features alongside articles (including animated abstracts, video abstracts,
slide decks, audio slides, instructional videos, infographics, podcasts, and animations), as well as plain language
summaries (PLSs). These features are designed to increase visibility, readership, and the educational value of the
article’s content. As all such features are peer reviewed, it is preferable for this content to be submitted at article
submission stage. However, digital features and PLSs can be submitted (and peer reviewed) after article acceptance
if necessary; a fee is associated with submission at this stage to cover additional processing. Digital features and
PLSs must provide an accurate representation of the article. For further information on digital features and PLSs,
please see here for our Guidelines for digital features and plain language summaries:

Editorial Procedure

Internal Review by Editorial Staff: The journal editor will perform an initial appraisal of each manuscript. When
submitting your paper, please include a covering letter that provides the article type, an outline of why the paper is
important, a brief description of what is covered in the review/was found in the study, why the paper would be of
interest to the journal’s readership, and any other pertinent information. If your paper has been peer reviewed by
another journal as part of a prior submission, please provide any previous editorial/referee comments and detail how
these have been dealt with in the current submission; the journal editor will assess this information as part of the
appraisal process.

External Peer Review: Peer reviewer identities are kept confidential, but author identities are known to the reviewers.
Peer reviewers are asked to disclose potential conflicts of interests that may affect their ability to provide an unbiased
review of an article. The majority of manuscripts will require some degree of revision following peer review before they
can be accepted for publication. The final decision on acceptability for publication lies with the journal editor.

Copy Editing: All accepted manuscripts are copy edited. This process addresses general publishing considerations,
such as layout of tables and figures, housestyle and clarity of expression. Authors will receive proofs following editing
for their approval and sign off. It should be noted that the responsibility for checking the technical accuracy and
consistency of data within the article rests with the authors.

Manuscript Submission

Manuscript Submission

Submission of a manuscript implies: that the work described has not been published before; that it is not under
consideration for publication anywhere else; that its publication has been approved by all co-authors, if any, as well as
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by the responsible authorities — tacitly or explicitly — at the institute where the work has been carried out. The
publisher will not be held legally responsible should there be any claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been published elsewhere are required
to obtain permission from the copyright owner(s) for both the print and online format and to include evidence that such
permission has been granted when submitting their papers. Any material received without such evidence will be
assumed to originate from the authors.

Online Submission

Please follow the hyperlink “Submit manuscript” and upload all of your manuscript files following the instructions given
on the screen.

Source Files

Please ensure you provide all relevant editable source files at every submission and revision. Failing to submit a
complete set of editable source files will result in your article not being considered for review. For your manuscript text
please always submit in common word processing formats such as .docx or LaTeX.

Title Page

Title Page

Please make sure your title page contains the following information.

Title

The title should be concise and informative.

Author information

e The name(s) of the author(s)

e The affiliation(s) of the author(s), i.e. institution, (department), city, (state), country

e Aclearindication and an active e-mail address of the corresponding author

e If available, the 16-digit ORCID of the author(s)

If address information is provided with the affiliation(s) it will also be published.

For authors that are (temporarily) unaffiliated we will only capture their city and country of residence, not their e-mail
address unless specifically requested.

Abstract

Please provide an abstract of 150 to 250 words. The abstract should not contain any undefined abbreviations or
unspecified references.

For life science journals only (when applicable)

e  Trial registration number and date of registration for prospectively registered trials

e Trial registration number and date of registration, followed by “retrospectively registered” for retrospectively
registered trials

Statements and Declarations

The following statements should be included under the heading "Statements and Declarations" for inclusion in the
published paper. Please note that submissions that do not include relevant declarations will be returned as
incomplete.

e Competing Interests: Authors are required to disclose financial or non-financial interests that are directly or
indirectly related to the work submitted for publication. Please refer to “Competing Interests and Funding”
below for more information on how to complete this section.

Please see the relevant sections in the submission guidelines for further information as well as various examples of
wording. Please revise/customize the sample statements according to your own needs.
Please note:
Please note that, for some articles (particularly, systematic reviews and original research articles), 250 words may not
be sufficient to provide all necessary information in the abstract. Therefore, the abstract length can be increased from
the 250-word limit (to up to 450 words) if the topic dictates, and to allow full compliance with the relevant reporting
guidelines.
Text
Text Formatting
Manuscripts should be submitted in Word.
e Use a normal, plain font (e.g., 10-point Times Roman) for text.
Use italics for emphasis.
Use the automatic page numbering function to number the pages.
Do not use field functions.
Use tab stops or other commands for indents, not the space bar.
Use the table function, not spreadsheets, to make tables.
Use the equation editor or MathType for equations.
e Save your file in docx format (Word 2007 or higher) or doc format (older Word versions).
Headings
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Please use the decimal system of headings with no more than three levels.
Abbreviations
Abbreviations should be defined at first mention and used consistently thereafter.
Footnotes
Footnotes can be used to give additional information, which may include the citation of a reference included in the
reference list. They should not consist solely of a reference citation, and they should never include the bibliographic
details of a reference. They should also not contain any figures or tables.
Footnotes to the text are numbered consecutively; those to tables should be indicated by superscript lower-case
letters (or asterisks for significance values and other statistical data). Footnotes to the title or the authors of the article
are not given reference symbols.
Always use footnotes instead of endnotes.
Acknowledgments
Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the title page. The names
of funding organizations should be written in full.
References
Citation
Reference citations in the text should be identified by numbers in square brackets. Some examples:
1. Negotiation research spans many disciplines [3].
2. This result was later contradicted by Becker and Seligman [5].
3. This effect has been widely studied [1-3, 7].
Reference list
The list of references should only include works that are cited in the text and that have been published or accepted for
publication. Personal communications and unpublished works should only be mentioned in the text.
The entries in the list should be numbered consecutively.
If available, please always include DOls as full DOI links in your reference list (e.g. “https://doi.org/abc”).
e Journal article: Smith JJ. The world of science. Am J Sci. 1999;36:234-5.
e Article by DOI: Slitka MK, Whitton JL. Clinical implications of dysregulated cytokine production. J Mol Med.
2000; https://doi.org/10.1007/s001090000086
e  Book: Blenkinsopp A, Paxton P. Symptoms in the pharmacy: a guide to the management of common illness.
3rd ed. Oxford: Blackwell Science; 1998.
e Book chapter: Wyllie AH, Kerr JFR, Currie AR. Cell death: the significance of apoptosis. In: Bourne GH,
Danielli JF, Jeon KW, editors. International review of cytology. London: Academic; 1980. pp. 251-306.
e Online document: Doe J. Title of subordinate document. In: The dictionary of substances and their effects.
Royal Society of Chemistry. 1999. http://www.rsc.org/doseltitle of subordinate document. Accessed 15 Jan
1999.
Always use the standard abbreviation of a journal’'s name according to the ISSN List of Title Word Abbreviations, see
ISSN.org LTWA
If you are unsure, please use the full journal title.
Tables

e All tables are to be numbered using Arabic numerals.
e Tables should always be cited in text in consecutive numerical order.
e For each table, please supply a table caption (title) explaining the components of the table.
e Identify any previously published material by giving the original source in the form of a reference at the end of
the table caption.
e Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for significance values
and other statistical data) and included beneath the table body.
Artwork
For the best quality final product, it is highly recommended that you submit all of your artwork — photographs, line
drawings, etc. — in an electronic format. Your art will then be produced to the highest standards with the greatest
accuracy to detail. The published work will directly reflect the quality of the artwork provided.
Electronic Figure Submission
e Supply all figures electronically.
e Indicate what graphics program was used to create the artwork.
e  For vector graphics, the preferred format is EPS; for halftones, please use TIFF format. MS Office files are
also acceptable.
e  Vector graphics containing fonts must have the fonts embedded in the files.
e Name your figure files with "Fig" and the figure number, e.g., Figl.eps.
Line Art
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e Definition: Black and white graphic with no shading.
e Do not use faint lines and/or lettering and check that all lines and lettering within the figures are legible at

final size.

All lines should be at least 0.1 mm (0.3 pt) wide.
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Scanned line drawings and line drawings in bitmap format should have a minimum resolution of 1200 dpi.

Vector graphics containing fonts must have the fonts embedded in the files.

[ ]
Hgl_ftone Art

e Definition: Photographs, drawings, or paintings with fine shading, etc.
e If any magnification is used in the photographs, indicate this by using scale bars within the figures

themselves.

e Halftones should have a minimum resolution of 300 dpi.

Combination Art
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e Definition: a combination of halftone and line art, e.g., halftones containing line drawing, extensive lettering,
color diagrams, etc.

e Combination artwork should have a minimum resolution of 600 dpi.

Color Art
e Color art is free of charge for print and online publication.
e  Color illustrations should be submitted as RGB.

Figure Lettering

e To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

e Keep lettering consistently sized throughout your final-sized artwork, usually about 2—3 mm (8-12 pt).

e Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type on an axis and 20-pt
type for the axis label.

e Avoid effects such as shading, outline letters, etc.

e Do notinclude titles or captions within your illustrations.

Figure Numbering

e Allfigures are to be numbered using Arabic numerals.

e  Figures should always be cited in text in consecutive numerical order.

e  Figure parts should be denoted by lowercase letters (a, b, c, etc.).

e If an appendix appears in your article and it contains one or more figures, continue the consecutive
numbering of the main text. Do not number the appendix figures, "Al, A2, A3, etc." Figures in online
appendices [Supplementary Information (Sl)] should, however, be numbered separately.

Figure Captions

e Each figure should have a concise caption describing accurately what the figure depicts. Include the captions
in the text file of the manuscript, not in the figure file.

Figure captions begin with the term Fig. in bold type, followed by the figure number, also in bold type.
No punctuation is to be included after the number, nor is any punctuation to be placed at the end of the
caption.

e Identify all elements found in the figure in the figure caption; and use boxes, circles, etc., as coordinate
points in graphs.

e Identify previously published material by giving the original source in the form of a reference citation at the
end of the figure caption.

Figure Placement and Size

e When preparing your figures, size figures to fit in the column width.

e For large-sized journals the figures should be 84 mm (for double-column text areas), or 174 mm (for single-
column text areas) wide and not higher than 234 mm.

e For small-sized journals, the figures should be 119 mm wide and not higher than 195 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain permission from the copyright
owner(s) for both the print and online format. Please be aware that some publishers do not grant electronic rights for
free and that Springer will not be able to refund any costs that may have occurred to receive these permissions. In
such cases, material from other sources should be used.
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Accessibility
In order to give people of all abilities and disabilities access to the content of your figures, please make sure that
e Allfigures have descriptive captions (blind users could then use a text-to-speech software or a text-to-Braille
hardware)
e Patterns are used instead of or in addition to colors for conveying information (color-blind users would then
be able to distinguish the visual elements)
e Any figure lettering has a contrast ratio of at least 4.5:1
Supplementary Information (SI)
Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other supplementary files to be
published online along with an article or a book chapter. This feature can add dimension to the author's article, as
certain information cannot be printed or is more convenient in electronic form.
Before submitting research datasets as Supplementary Information, authors should read the journal’s Research data
policy. We encourage research data to be archived in data repositories wherever possible.
Submission
e  Supply all supplementary material in standard file formats.
e Please include in each file the following information: article title, journal name, author names; affiliation and
e-mail address of the corresponding author.
e To accommodate user downloads, please keep in mind that larger-sized files may require very long
download times and that some users may experience other problems during downloading.
e High resolution (streamable quality) videos can be submitted up to a maximum of 25GB; low resolution
videos should not be larger than 5GB.
Audio, Video, and Animations
e Aspect ratio: 16:9 or 4:3
e Maximum file size: 25 GB for high resolution files; 5 GB for low resolution files
e Minimum video duration: 1 sec
e  Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, m4v, 3gp
Text and Presentations
e  Submit your material in PDF format; .doc or .ppt files are not suitable for long-term viability.
e A collection of figures may also be combined in a PDF file.
Spreadsheets
e Spreadsheets should be submitted as .csv or .xIsx files (MS Excel).
Specialized Formats
e Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), and .tex can also be
supplied.
Collecting Multiple Files
e |tis possible to collect multiple files in a .zip or .gz file.
Numbering
e If supplying any supplementary material, the text must make specific mention of the material as a citation,
similar to that of figures and tables.

e Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the animation (Online Resource
3)", “... additional data are given in Online Resource 4”.
e Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf".
Captions

e For each supplementary material, please supply a concise caption describing the content of the file.
Processing of supplementary files
e  Supplementary Information (SI) will be published as received from the author without any conversion, editing,
or reformatting.
Accessibility
In order to give people of all abilities and disabilities access to the content of your supplementary files, please make
sure that
e The manuscript contains a descriptive caption for each supplementary material
e Video files do not contain anything that flashes more than three times per second (so that users prone to
seizures caused by such effects are not put at risk)
Research Data Policy and Data Availability Statements
This journal operates a type 3 research data policy (life sciences). A submission to the journal implies that materials
described in the manuscript, including all relevant raw data, will be freely available to any researcher wishing to use
them for non-commercial purposes, without breaching participant confidentiality.
The journal strongly encourages that all datasets on which the conclusions of the paper rely should be available to
readers. We encourage authors to ensure that their datasets are either deposited in publicly available repositories
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(where available and appropriate) or presented in the main manuscript or additional supporting files whenever
possible. Please see Springer Nature’s information on recommended repositories.

List of Repositories

Research Data Policy

General repositories - for all types of research data - such as figshare and Dryad may be used where appropriate.

Mandatory deposition Suitable repositories
Protein sequences Uniprot
DNA and RNA sequences Genbank

DNA DataBank of Japan (DDBJ)
EMBL Nucleotide Sequence Database (ENA)

DNA and RNA sequencing data NCBI Trace Archive

NCBI Sequence Read Archive (SRA)
Genetic polymorphisms dbSNP

dbvar

European Variation Archive (EVA)

Linked genotype and phenotype data dbGAP
The European Genome-phenome Archive (EGA)

Macromolecular structure Worldwide Protein Data Bank (wwPDB)
Biological Magnetic Resonance Data Bank (BMRB)
Electron Microscopy Data Bank (EMDB)

Microarray data (must be MIAME compliant) Gene Expression Omnibus (GEO)
ArrayExpress

Crystallographic data for small molecules Cambridge Structural Database

Where a widely established research community expectation for data archiving in public repositories exists,
submission to a community-endorsed, public repository is mandatory. Persistent identifiers (such as DOIs and
accession numbers) for relevant datasets must be provided in the paper.

For more information:

Research Data Policy Frequently Asked Questions

Data availability

All original articles must include a Data availability statement. Data availability statements should include information
on where data supporting the results reported in the article can be found including, where applicable, hyperlinks to
publicly archived datasets analysed or generated during the study. By data we mean the minimal dataset that would
be necessary to interpret, replicate and build upon the findings reported in the article. We recognise it is not always
possible to share research data publicly, for instance when individual privacy could be compromised, and in such
instances data availability should still be stated in the manuscript along with any conditions for access.

Data Availability statements can take one of the following forms (or a combination of more than one if required for
multiple datasets):

1. The datasets generated during and/or analysed during the current study are available in the [NAME] repository,
[PERSISTENT WEB LINK TO DATASETS]

2. The datasets generated during and/or analysed during the current study are not publicly available due [REASON
WHY DATA ARE NOT PUBLIC] but are available from the corresponding author on reasonable request.

3. The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.

4. Data sharing not applicable to this article as no datasets were generated or analysed during the current study.

5. All data generated or analysed during this study are included in this published article [and its supplementary
information files].

More examples of template data availability statements, which include examples of openly available and restricted
access datasets, are available:

Data availability statements

The journal also requires that authors cite any publicly available data on which the conclusions of the paper rely in the
manuscript. Data citations should include a persistent identifier (such as a DOI) and should ideally be included in the
reference list. Citations of datasets, when they appear in the reference list, should include the minimum information
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recommended by DataCite and follow journal style. Dataset identifiers including DOIs should be expressed as full
URLs.
Research data and peer review
Peer reviewers are encouraged to check the manuscript's Data availability statement, where applicable. They should
consider if the authors have complied with the journal’s policy on the availability of research data, and whether
reasonable effort has been made to make the data that support the findings of the study available for replication or
reuse by other researchers. Peer reviewers are entitled to request access to underlying data (and code) when needed
for them to perform their evaluation of a manuscript.
If the journal that you're submitting to uses double-blind peer review and you are providing reviewers with access to
your data (for example via a repository link, supplementary information or data on request), it is strongly suggested
that the authorship in the data is also blinded. There are data repositories that can assist with this and/or will create a
link to mask the authorship of your data.
Authors who need help understanding our data sharing policies, help finding a suitable data repository, or help
organising and sharing research data can access our Author Support portal for additional guidance.
After Acceptance
Upon acceptance, your article will be exported to Production to undergo typesetting. Once typesetting is complete,
you will receive a link asking you to confirm your affiliation, choose the publishing model for your article as well as
arrange rights and payment of any associated publication cost.
Once you have completed this, your article will be processed and you will receive the proofs.
Article publishing agreement
Depending on the ownership of the journal and its policies, you will either grant the Publisher an exclusive licence to
publish the article or will be asked to transfer copyright of the article to the Publisher.
Offprints
Offprints can be ordered by the corresponding author.
Color illustrations
Publication of color illustrations is free of charge.
Proof reading
The purpose of the proof is to check for typesetting or conversion errors and the completeness and accuracy of the
text, tables and figures. Substantial changes in content, e.g., new results, corrected values, title and authorship, are
not allowed without the approval of the Editor.
After online publication, further changes can only be made in the form of an Erratum, which will be hyperlinked to the
article.
Online First
The article will be published online after receipt of the corrected proofs. This is the official first publication citable with
the DOI. After release of the printed version, the paper can also be cited by issue and page numbers.
Open Choice
Open Choice allows you to publish open access in more than 1850 Springer Nature journals, making your research
more visible and accessible immediately on publication.
Article processing charges (APCs) vary by journal — view the full list
Benefits:
e Increased researcher engagement: Open Choice enables access by anyone with an internet connection,
immediately on publication.
e Higher visibility and impact: In Springer hybrid journals, OA articles are accessed 4 times more often on
average, and cited 1.7 more times on average*.
e Easy compliance with funder and institutional mandates: Many funders require open access publishing, and
some take compliance into account when assessing future grant applications.
It is easy to find funding to support open access — please see our funding and support pages for more information.
*) Within the first three years of publication. Springer Nature hybrid journal OA impact analysis, 2018.
Open Choice
Funding and Support pages
Copyright and license term — CC BY
Open Choice articles do not require transfer of copyright as the copyright remains with the author. In opting for open
access, the author(s) agree to publish the article under the Creative Commons Attribution License.
Find more about the license agreement
Scientific Style
e Please always use internationally accepted signs and symbols for units (Sl units).
e Nomenclature: Insofar as possible, authors should use systematic names similar to those used by Chemical
Abstract Service or IUPAC.

e Genus and species names should be in italics.

e Generic names of drugs and pesticides are preferred; if trade names are used, the generic name should be
given at first mention.
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e Please use the standard mathematical notation for formulae, symbols, etc.:lItalic for single letters that denote
mathematical constants, variables, and unknown quantities Roman/upright for numerals, operators, and
punctuation, and commonly defined functions or abbreviations, e.g., cos, det, e or exp, lim, log, max, min,
sin, tan, d (for derivative) Bold for vectors, tensors, and matrices.

Ethical Responsibilities of Authors

This journal is committed to upholding the integrity of the scientific record. As a member of the Committee on
Publication Ethics (COPE) the journal will follow the COPE guidelines on how to deal with potential acts of
misconduct.

Authors should refrain from misrepresenting research results which could damage the trust in the journal, the
professionalism of scientific authorship, and ultimately the entire scientific endeavour. Maintaining integrity of the
research and its presentation is helped by following the rules of good scientific practice, which include*:

e The manuscript should not be submitted to more than one journal for simultaneous consideration.

e  The submitted work should be original and should not have been published elsewhere in any form or
language (partially or in full), unless the new work concerns an expansion of previous work. (Please provide
transparency on the re-use of material to avoid the concerns about text-recycling (‘self-plagiarism’).

e A single study should not be split up into several parts to increase the quantity of submissions and submitted
to various journals or to one journal over time (i.e. ‘salami-slicing/publishing’).

e Concurrent or secondary publication is sometimes justifiable, provided certain conditions are met. Examples
include: translations or a manuscript that is intended for a different group of readers.

e Results should be presented clearly, honestly, and without fabrication, falsification or inappropriate data
manipulation (including image based manipulation). Authors should adhere to discipline-specific rules for
acquiring, selecting and processing data.

e No data, text, or theories by others are presented as if they were the author’s own (‘plagiarism’). Proper
acknowledgements to other works must be given (this includes material that is closely copied (near
verbatim), summarized and/or paraphrased), quotation marks (to indicate words taken from another source)
are used for verbatim copying of material, and permissions secured for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

e Authors should make sure they have permissions for the use of software, questionnaires/(web) surveys and
scales in their studies (if appropriate).

e Research articles and non-research articles (e.g. Opinion, Review, and Commentary articles) must cite
appropriate and relevant literature in support of the claims made. Excessive and inappropriate self-citation or
coordinated efforts among several authors to collectively self-cite is strongly discouraged.

e Authors should avoid untrue statements about an entity (who can be an individual person or a company) or
descriptions of their behavior or actions that could potentially be seen as personal attacks or allegations
about that person.

e Research that may be misapplied to pose a threat to public health or national security should be clearly
identified in the manuscript (e.g. dual use of research). Examples include creation of harmful consequences
of biological agents or toxins, disruption of immunity of vaccines, unusual hazards in the use of chemicals,
weaponization of research/technology (amongst others).

e Authors are strongly advised to ensure the author group, the Corresponding Author, and the order of authors
are all correct at submission. Adding and/or deleting authors during the revision stages is generally not
permitted, but in some cases may be warranted. Reasons for changes in authorship should be explained in
detail. Please note that changes to authorship cannot be made after acceptance of a manuscript.

*All of the above are guidelines and authors need to make sure to respect third parties rights such as copyright and/or
moral rights.

Upon request authors should be prepared to send relevant documentation or data in order to verify the validity of the
results presented. This could be in the form of raw data, samples, records, etc. Sensitive information in the form of
confidential or proprietary data is excluded.

If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will carry out an investigation
following COPE guidelines. If, after investigation, there are valid concerns, the author(s) concerned will be contacted
under their given e-mail address and given an opportunity to address the issue. Depending on the situation, this may
result in the Journal's and/or Publisher’'s implementation of the following measures, including, but not limited to:

e If the manuscript is still under consideration, it may be rejected and returned to the author.

e If the article has already been published online, depending on the nature and severity of the infraction:

- an erratum/correction may be placed with the article

- an expression of concern may be placed with the article

- or in severe cases retraction of the article may occur.

The reason will be given in the published erratum/correction, expression of concern or retraction note. Please note
that retraction means that the article is maintained on the platform, watermarked “retracted” and the explanation for
the retraction is provided in a note linked to the watermarked article.
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e The author’s institution may be informed
e A notice of suspected transgression of ethical standards in the peer review system may be included as part
of the author’s and article’s bibliographic record.
Fundamental errors
Authors have an obligation to correct mistakes once they discover a significant error or inaccuracy in their published
article. The author(s) is/are requested to contact the journal and explain in what sense the error is impacting the
article. A decision on how to correct the literature will depend on the nature of the error. This may be a correction or
retraction. The retraction note should provide transparency which parts of the article are impacted by the error.
Suggesting / excluding reviewers
Authors are welcome to suggest suitable reviewers and/or request the exclusion of certain individuals when they
submit their manuscripts. When suggesting reviewers, authors should make sure they are totally independent and not
connected to the work in any way. It is strongly recommended to suggest a mix of reviewers from different countries
and different institutions. When suggesting reviewers, the Corresponding Author must provide an institutional email
address for each suggested reviewer, or, if this is not possible to include other means of verifying the identity such as
a link to a personal homepage, a link to the publication record or a researcher or author ID in the submission letter.
Please note that the Journal may not use the suggestions, but suggestions are appreciated and may help facilitate the
peer review process.
Authorship Principles
These guidelines describe authorship principles and good authorship practices to which prospective authors should
adhere to.
Authorship clarified
The Journal and Publisher assume all authors agreed with the content and that all gave explicit consent to submit and
that they obtained consent from the responsible authorities at the institute/organization where the work has been
carried out, before the work is submitted.
The Publisher does not prescribe the kinds of contributions that warrant authorship. It is recommended that authors
adhere to the guidelines for authorship that are applicable in their specific research field. In absence of specific
guidelines it is recommended to adhere to the following guidelines*:
All authors whose names appear on the submission
1) made substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation
of data; or the creation of new software used in the work;
2) drafted the work or revised it critically for important intellectual content;
3) approved the version to be published; and
4) agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of
any part of the work are appropriately investigated and resolved.
* Based on/adapted from:
ICMJE, Defining the Role of Authors and Contributors,
Transparency in authors’ contributions and responsibilities to promote integrity in scientific publication, McNutt at all,
PNAS February 27, 2018
Disclosures and declarations
All authors are requested to include information regarding sources of funding, financial or non-financial interests,
study-specific approval by the appropriate ethics committee for research involving humans and/or animals, informed
consent if the research involved human participants, and a statement on welfare of animals if the research involved
animals (as appropriate).
The decision whether such information should be included is not only dependent on the scope of the journal, but also
the scope of the article. Work submitted for publication may have implications for public health or general welfare and
in those cases it is the responsibility of all authors to include the appropriate disclosures and declarations.
Data transparency
All authors are requested to make sure that all data and materials as well as software application or custom code
support their published claims and comply with field standards. Please note that journals may have individual policies
on (sharing) research data in concordance with disciplinary norms and expectations.
Role of the Corresponding Author
One author is assigned as Corresponding Author and acts on behalf of all co-authors and ensures that questions
related to the accuracy or integrity of any part of the work are appropriately addressed.
The Corresponding Author is responsible for the following requirements:
e ensuring that all listed authors have approved the manuscript before submission, including the names and
order of authors;
e managing all communication between the Journal and all co-authors, before and after publication;*
e providing transparency on re-use of material and mention any unpublished material (for example manuscripts
in press) included in the manuscript in a cover letter to the Editor;
e making sure disclosures, declarations and transparency on data statements from all authors are included in
the manuscript as appropriate (see above).



http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
https://doi.org/10.1073/pnas.1715374115
https://doi.org/10.1073/pnas.1715374115
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* The requirement of managing all communication between the journal and all co-authors during submission and
proofing may be delegated to a Contact or Submitting Author. In this case please make sure the Corresponding
Author is clearly indicated in the manuscript.

Author contributions

In absence of specific instructions and in research fields where it is possible to describe discrete efforts, the Publisher
recommends authors to include contribution statements in the work that specifies the contribution of every author in
order to promote transparency. These contributions should be listed at the separate title page.

Examples of such statement(s) are shown below:

* Free text:

All authors contributed to the study conception and design. Material preparation, data collection and analysis were
performed by [full name], [full name] and [full name]. The first draft of the manuscript was written by [full name] and all
authors commented on previous versions of the manuscript. All authors read and approved the final manuscript.
Example: CRediT taxonomy:

 Conceptualization: [full name], ...; Methodology: [full name], ...; Formal analysis and investigation: [full name], ...;
Writing - original draft preparation: [full name, ...]; Writing - review and editing: [full name], ...; Funding acquisition: [full
name], ...; Resources: [full name], ...; Supervision: [full name],....

For review articles where discrete statements are less applicable a statement should be included who had the idea
for the article, who performed the literature search and data analysis, and who drafted and/or critically revised the
work.

For articles that are based primarily on the student’s dissertation or thesis, it is recommended that the student is
usually listed as principal author:

A Graduate Student’s Guide to Determining Authorship Credit and Authorship Order, APA Science Student Council
2006

Affiliation

The primary affiliation for each author should be the institution where the majority of their work was done. If an author
has subsequently moved, the current address may additionally be stated. Addresses will not be updated or changed
after publication of the article.

Changes to authorship

Authors are strongly advised to ensure the correct author group, the Corresponding Author, and the order of authors
at submission. Changes of authorship by adding or deleting authors, and/or changes in Corresponding Author, and/or
changes in the sequence of authors are not accepted after acceptance of a manuscript.

e Please note that author names will be published exactly as they appear on the accepted submission!
Please make sure that the names of all authors are present and correctly spelled, and that addresses and affiliations
are current.

Adding and/or deleting authors at revision stage are generally not permitted, but in some cases it may be warranted.
Reasons for these changes in authorship should be explained. Approval of the change during revision is at the
discretion of the Editor-in-Chief. Please note that journals may have individual policies on adding and/or deleting
authors during revision stage.

Author identification

Authors are recommended to use their ORCID ID when submitting an article for consideration or acquire an ORCID ID
via the submission process.

Deceased or incapacitated authors

For cases in which a co-author dies or is incapacitated during the writing, submission, or peer-review process, and the
co-authors feel it is appropriate to include the author, co-authors should obtain approval from a (legal) representative
which could be a direct relative.

Authorship issues or disputes

In the case of an authorship dispute during peer review or after acceptance and publication, the Journal will not be in
a position to investigate or adjudicate. Authors will be asked to resolve the dispute themselves. If they are unable the
Journal reserves the right to withdraw a manuscript from the editorial process or in case of a published paper raise the
issue with the authors’ institution(s) and abide by its guidelines.

Confidentiality

Authors should treat all communication with the Journal as confidential which includes correspondence with direct
representatives from the Journal such as Editors-in-Chief and/or Handling Editors and reviewers’ reports unless
explicit consent has been received to share information.

Disclosure of Potential Conflicts of Interest

Authors must disclose all relationships or interests that could influence or bias the work. Although an author may not
feel there are conflicts, disclosure of relationships and interests affords a more transparent process, leading to an
accurate and objective assessment of the work. Awareness of real or perceived conflicts of interests is a perspective
to which the readers are entitled and is not meant to imply that a financial relationship with an organization that
sponsored the research or compensation for consultancy work is inappropriate. Examples of potential conflicts of
interests that are directly or indirectly related to the research may include but are not limited to the following:

e Research grants from funding agencies (please give the research funder and the grant number)



http://credit.niso.org/
https://www.apa.org/science/leadership/students/authorship-paper.pdf
https://www.apa.org/science/leadership/students/authorship-paper.pdf
https://orcid.org/
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Honoraria for speaking at symposia

Financial support for attending symposia

Financial support for educational programs

Employment or consultation

Support from a project sponsor

Position on advisory board or board of directors or other type of management relationships

Multiple affiliations

Financial relationships, for example equity ownership or investment interest

Intellectual property rights (e.g. patents, copyrights and royalties from such rights)

Holdings of spouse and/or children that may have financial interest in the work

In addition, interests that go beyond financial interests and compensation (non-financial interests) that may be
important to readers should be disclosed. These may include but are not limited to personal relationships or
competing interests directly or indirectly tied to this research, or professional interests or personal beliefs that may
influence your research.

The corresponding author collects the conflict of interest disclosure forms from all authors. (Please note that each
author should complete a disclosure form.)

Conflict of Interest disclosure form (Download doc, 87 kB)

Please make sure to submit all Conflict of Interest disclosure forms together with the manuscript.

See below examples of disclosures:

Funding: This study was funded by X (grant number X).

Conflict of Interest: Author A has received research grants from Company A. Author B has received a speaker
honorarium from Company X and owns stock in Company Y. Author C is a member of committee Z.

If no conflict exists, the authors should state:

Conflict of Interest: Author A, Author B, and Author C declare that they have no conflict of interest.

Research involving Human Participants, their Data or Biological Material

Ethics approval

When reporting a study that involved human participants, their data or biological material, authors should include a
statement that confirms that the study was approved (or granted exemption) by the appropriate institutional and/or
national research ethics committee (including the name of the ethics committee) and certify that the study was
performed in accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. If doubt exists whether the research was conducted in accordance with
the 1964 Helsinki Declaration or comparable standards, the authors must explain the reasons for their approach, and
demonstrate that an independent ethics committee or institutional review board explicitly approved the doubtful
aspects of the study. If a study was granted exemption from requiring ethics approval, this should also be detailed in
the manuscript (including the reasons for the exemption).

Retrospective ethics approval

If a study has not been granted ethics committee approval prior to commencing, retrospective ethics approval usually
cannot be obtained and it may not be possible to consider the manuscript for peer review. The decision on whether to
proceed to peer review in such cases is at the Editor's discretion.

Ethics approval for retrospective studies

Although retrospective studies are conducted on already available data or biological material (for which formal
consent may not be needed or is difficult to obtain) ethics approval may be required dependent on the law and the
national ethical guidelines of a country. Authors should check with their institution to make sure they are complying
with the specific requirements of their country.

Ethics approval for case studies

Case reports require ethics approval. Most institutions will have specific policies on this subject. Authors should check
with their institution to make sure they are complying with the specific requirements of their institution and seek ethics
approval where needed. Authors should be aware to secure informed consent from the individual (or parent or
guardian if the participant is a minor or incapable) See also section on Informed Consent.

Cell lines

If human cells are used, authors must declare in the manuscript: what cell lines were used by describing the source of
the cell line, including when and from where it was obtained, whether the cell line has recently been authenticated and
by what method. If cells were bought from a life science company the following need to be given in the manuscript:
name of company (that provided the cells), cell type, number of cell line, and batch of cells.

It is recommended that authors check the NCBI database for misidentification and contamination of human cell lines.
This step will alert authors to possible problems with the cell line and may save considerable time and effort.

Further information is available from the International Cell Line Authentication Committee (ICLAC).

Authors should include a statement that confirms that an institutional or independent ethics committee (including the
name of the ethics committee) approved the study and that informed consent was obtained from the donor or next of
kin.

Research Resource Identifiers (RRID)



https://media.springer.com/full/springer-instructions-for-authors-assets/doc/1365465_Conflicts%20of%20Interest%20Disclosure%20form.doc
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http://iclac.org/about-iclac/
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Research Resource Identifiers (RRID) are persistent unique identifiers (effectively similar to a DOI) for research
resources. This journal encourages authors to adopt RRIDs when reporting key biological resources (antibodies, cell
lines, model organisms and tools) in their manuscripts.

Examples:

Organism: Filip1im1akoMP\Wisi RRID:MMRRC_055641-UCD

Cell Line: RST307 cell line RRID:CVCL_C321

Antibody: Luciferase antibody DSHB Cat# LUC-3, RRID:AB_2722109

Plasmid: mRuby3 plasmid RRID:Addgene_104005

Software: ImageJ Version 1.2.4 RRID:SCR_003070

RRIDs are provided by the Resource Identification Portal. Many commonly used research resources already have
designated RRIDs. The portal also provides authors links so that they can quickly register a new resource and obtain
an RRID.

Clinical Trial Registration

The World Health Organization (WHO) definition of a clinical trial is "any research study that prospectively assigns
human participants or groups of humans to one or more health-related interventions to evaluate the effects on health
outcomes". The WHO defines health interventions as “A health intervention is an act performed for, with or on behalf
of a person or population whose purpose is to assess, improve, maintain, promote or modify health, functioning or
health conditions” and a health-related outcome is generally defined as a change in the health of a person or
population as a result of an intervention.

To ensure the integrity of the reporting of patient-centered trials, authors must register prospective clinical trials
(phase 1l to 1V trials) in suitable publicly available repositories. For example www.clinicaltrials.gov or any of the
primary registries that participate in the WHO International Clinical Trials Registry Platform.

The trial registration number (TRN) and date of registration should be included as the last line of the manuscript
abstract.

For clinical trials that have not been registered prospectively, authors are encouraged to register retrospectively to
ensure the complete publication of all results. The trial registration number (TRN), date of registration and the words
'retrospectively registered’ should be included as the last line of the manuscript abstract.

Standards of reporting

Springer Nature advocates complete and transparent reporting of biomedical and biological research and research
with biological applications. Authors are recommended to adhere to the minimum reporting guidelines hosted by

the EQUATOR Network when preparing their manuscript.

Exact requirements may vary depending on the journal; please refer to the journal’s Instructions for Authors.
Checklists are available for a number of study designs, including:

Randomised trials (CONSORT) and Study protocols (SPIRIT)

Observational studies (STROBE)

Systematic reviews and meta-analyses (PRISMA) and protocols (Prisma-P)

Diagnostic/prognostic studies (STARD) and (TRIPOD)

Case reports (CARE)

Clinical practice guidelines (AGREE) and (RIGHT)

Qualitative research (SROR) and (COREQ)

Animal pre-clinical studies (ARRIVE)

Quality improvement studies (SQUIRE)

Economic evaluations (CHEERS)

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’ section before the reference list under
a heading of ‘Ethics approval’.

Examples of statements to be used when ethics approval has been obtained:

« All procedures performed in studies involving human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments
or comparable ethical standards. The study was approved by the Bioethics Committee of the Medical University of A
(No. ...).

* This study was performed in line with the principles of the Declaration of Helsinki. Approval was granted by the
Ethics Committee of University B (Date.../No. ...).

 Approval was obtained from the ethics committee of University C. The procedures used in this study adhere to the
tenets of the Declaration of Helsinki.

» The questionnaire and methodology for this study was approved by the Human Research Ethics committee of the
University of D (Ethics approval number: ...).

Examples of statements to be used for a retrospective study:

« Ethical approval was waived by the local Ethics Committee of University A in view of the retrospective nature of the
study and all the procedures being performed were part of the routine care.



https://scicrunch.org/resources
https://scicrunch.org/resources/about/resource
http://www.clinicaltrials.gov/
https://www.who.int/clinical-trials-registry-platform
http://www.equator-network.org/
http://www.equator-network.org/reporting-guidelines/consort/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/strobe/
http://www.equator-network.org/reporting-guidelines/prisma/
http://www.equator-network.org/reporting-guidelines/prisma-protocols/
http://www.equator-network.org/reporting-guidelines/stard/
http://www.equator-network.org/reporting-guidelines/tripod-statement/
http://www.equator-network.org/reporting-guidelines/care/
http://www.equator-network.org/reporting-guidelines/the-agree-reporting-checklist-a-tool-to-improve-reporting-of-clinical-practice-guidelines/
http://www.equator-network.org/reporting-guidelines/right-statement/
http://www.equator-network.org/reporting-guidelines/srqr/
http://www.equator-network.org/reporting-guidelines/coreq/
http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-reporting-the-arrive-guidelines-for-reporting-animal-research/
http://www.equator-network.org/reporting-guidelines/squire/
http://www.equator-network.org/reporting-guidelines/cheers/
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* This research study was conducted retrospectively from data obtained for clinical purposes. We consulted
extensively with the IRB of XYZ who determined that our study did not need ethical approval. An IRB official waiver of
ethical approval was granted from the IRB of XYZ.

* This retrospective chart review study involving human participants was in accordance with the ethical standards of
the institutional and national research committee and with the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. The Human Investigation Committee (IRB) of University B approved this study.
Examples of statements to be used when no ethical approval is required/exemption granted:

* This is an observational study. The XYZ Research Ethics Committee has confirmed that no ethical approval is
required.

*» The data reproduced from Article X utilized human tissue that was procured via our Biobank AB, which provides de-
identified samples. This study was reviewed and deemed exempt by our XYZ Institutional Review Board. The BioBank
protocols are in accordance with the ethical standards of our institution and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards.

Authors are responsible for correctness of the statements provided in the manuscript. See also Authorship Principles.
The Editor-in-Chief reserves the right to reject submissions that do not meet the guidelines described in this section.
Informed Consent

All individuals have individual rights that are not to be infringed. Individual participants in studies have, for example,
the right to decide what happens to the (identifiable) personal data gathered, to what they have said during a study or
an interview, as well as to any photograph that was taken. This is especially true concerning images of vulnerable
people (e.g. minors, patients, refugees, etc) or the use of images in sensitive contexts. In many instances authors will
need to secure written consent before including images.

Identifying details (names, dates of birth, identity numbers, biometrical characteristics (such as facial features,
fingerprint, writing style, voice pattern, DNA or other distinguishing characteristic) and other information) of the
participants that were studied should not be published in written descriptions, photographs, and genetic profiles
unless the information is essential for scholarly purposes and the participant (or parent/guardian if the participant is a
minor or incapable or legal representative) gave written informed consent for publication. Complete anonymity is
difficult to achieve in some cases. Detailed descriptions of individual participants, whether of their whole bodies or of
body sections, may lead to disclosure of their identity. Under certain circumstances consent is not required as long as
information is anonymized and the submission does not include images that may identify the person.

Informed consent for publication should be obtained if there is any doubt. For example, masking the eye region in
photographs of participants is inadequate protection of anonymity. If identifying characteristics are altered to protect
anonymity, such as in genetic profiles, authors should provide assurance that alterations do not distort meaning.
Exceptions where it is not necessary to obtain consent:

* Images such as x rays, laparoscopic images, ultrasound images, brain scans, pathology slides unless there is a
concern about identifying information in which case, authors should ensure that consent is obtained.

* Reuse of images: If images are being reused from prior publications, the Publisher will assume that the prior
publication obtained the relevant information regarding consent. Authors should provide the appropriate attribution for
republished images.

Consent and already available data and/or biologic material

Regardless of whether material is collected from living or dead patients, they (family or guardian if the deceased has
not made a pre-mortem decision) must have given prior written consent. The aspect of confidentiality as well as any
wishes from the deceased should be respected.

Data protection, confidentiality and privacy

When biological material is donated for or data is generated as part of a research project authors should ensure, as
part of the informed consent procedure, that the participants are made aware what kind of (personal) data will be
processed, how it will be used and for what purpose. In case of data acquired via a biobank/biorepository, it is
possible they apply a broad consent which allows research participants to consent to a broad range of uses of their
data and samples which is regarded by research ethics committees as specific enough to be considered “informed”.
However, authors should always check the specific biobank/biorepository policies or any other type of data provider
policies (in case of non-bio research) to be sure that this is the case.

Consent to Participate

For all research involving human subjects, freely-given, informed consent to participate in the study must be obtained
from participants (or their parent or legal guardian in the case of children under 16) and a statement to this effect
should appear in the manuscript. In the case of articles describing human transplantation studies, authors must
include a statement declaring that no organs/tissues were obtained from prisoners and must also name the
institution(s)/clinic(s)/department(s) via which organs/tissues were obtained. For manuscripts reporting studies
involving vulnerable groups where there is the potential for coercion or where consent may not have been fully
informed, extra care will be taken by the editor and may be referred to the Springer Nature Research Integrity Group.
Consent to Publish

Individuals may consent to participate in a study, but object to having their data published in a journal article. Authors
should make sure to also seek consent from individuals to publish their data prior to submitting their paper to a
journal. This is in particular applicable to case studies. A consent to publish form can be found
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here. (Download docx, 36 kB)

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’ section before the reference list under
a heading of ‘Consent to participate’ and/or ‘Consent to publish’. Other declarations include Funding, Competing
interests, Ethics approval, Consent, Data and/or Code availability and Authors’ contribution statements.

Please see the various examples of wording below and revise/customize the sample statements according to your
own needs.

Sample statements for "Consent to participate":

Informed consent was obtained from all individual participants included in the study.

Informed consent was obtained from legal guardians.

Written informed consent was obtained from the parents.

Verbal informed consent was obtained prior to the interview.

Sample statements for “Consent to publish”:

The authors affirm that human research participants provided informed consent for publication of the images in
Figure(s) 1a, 1b and 1c.

The participant has consented to the submission of the case report to the journal.

Patients signed informed consent regarding publishing their data and photographs.

Sample statements if identifying information about participants is available in the article:

Additional informed consent was obtained from all individual participants for whom identifying information is included
in this article.

Authors are responsible for correctness of the statements provided in the manuscript. See also Authorship Principles.
The Editor-in-Chief reserves the right to reject submissions that do not meet the guidelines described in this section.
Images will be removed from publication if authors have not obtained informed consent or the paper may be removed
and replaced with a notice explaining the reason for removal.

Editing Services

English

How can you help improve your manuscript for publication?

Presenting your work in a well-structured manuscript and in well-written English gives it its best chance for editors and
reviewers to understand it and evaluate it fairly. Many researchers find that getting some independent support helps
them present their results in the best possible light. The experts at Springer Nature Author Services can help you with
manuscript preparation—including English language editing, developmental comments, manuscript formatting,
figure preparation, translation, and more.

Get started and save 15%

You can also use our free Grammar Check tool for an evaluation of your work.

Please note that using these tools, or any other service, is not a requirement for publication, nor does it imply or
guarantee that editors will accept the article, or even select it for peer review.

Important Information for Authors

Please follow the link below:

Additional Information for Authors (Download pdf, 208 kB)

Open access publishing

To find out more about publishing your work Open Access in Sports Medicine, including information on fees, funding
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