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RESUMO

Introducdo: A relacdo entre os percentuais de frequéncia cardiaca de reserva (% FCR) e
consumo de oxigénio (% VO;R) tem sido recomendada para prescrever a intensidade do
exercicio aerdbio, devido a suposta relacdo de equivaléncia de 1:1. No entanto, essa relacdo
foi obtida a partir dos dados de testes de exercicio progressivo maximo e a precisao da relagédo
durante o exercicio prolongado a uma taxa de trabalho constante ndo foi estabelecida. O
presente estudo investigou a relacdo entre 0 %FCR e o %VO,R durante um teste
cardiopulmonar de exercicio maximo (TCPE) e sessOes isocaldricas episodios de ciclismo e
corrida em esteira rolante. Métodos: Trinta homens fisicamente ativos [média (minimo-
maximo): idade, 24 (18-34) anos; estatura, 181 (163-198) cm; massa corporal, 84 (59-116)
kg; indice de massa corporal, 25 (20-30) kg-m™; porcentagem de gordura corporal, 18% (9% -
27%)] visitaram o laboratdrio trés vezes para realizarem medidas antropométricas e de VO,
em repouso, e TCPEs de ciclismo e corrida. Dez homens visitaram o laboratorio duas vezes
mais para investigar a validade das relacdes entre os %FCR-%VO;R durante sessfes
isocal6ricas de ciclismo e corrida a 75%VO,R com dispéndio energético de 400 kcal.
Resultados: O %VO,R foi significativamente menor do que o %FCR nos TCPEs,
especialmente durante a corrida (P < 0,001). Durante as sess@es isocaloricas de exercicio,
observaram-se diferengas médias entre %FCR-%VO,R de 6,5% e 7,0% para ciclismo e
corrida, respectivamente (P = 0,007 a P <0,001). Os porcentuais de FCR e VO,R aumentaram
ao longo do tempo (P < 0,001), cuja taxa foi influenciada pela modalidade de exercicio (P <
0,001). Em média, a frequéncia cardiaca foi 5 (P = 0,007) e 8 (P <0,001) bat-min™ maior que
0 previsto para o segundo quartil de tempo para ciclismo e corrida, respectivamente;
entretanto, o VO, observado foi menor do que o previsto em todos os quartis para o ciclismo e
no primeiro quartil para a corrida. Consequentemente, o tempo para alcancar o dispéndio
energético alvo foi maior do que o previsto (P < 0,01). Conclusédo: A relacdo entre os %FCR-
%VO2R observada durante TCPESs ndo se transp6s com precisdo para as sessdes isocaloricas
prolongadas de ciclismo e corrida. Além disso, as taxas de trabalho definidas pelas equacdes
do American College of Sports Medicine para ciclismo e corrida superestimaram o VO, e 0
gasto energético.

Palavras-chave: Teste de exercicio cardiopulmonar. Exercicio isocalérico. Quilocalorias.
Intensidade de treinamento.



ABSTRACT

Introduction: The relationship between the percentage of heart rate reserve (%HRR) and
percentage of oxygen uptake reserve (%VO,R) has been recommended for prescribing
aerobic exercise intensity due to the supposed relation of equivalence of 1:1. However, this
relationship was derived from progressive maximal exercise testing data and the accuracy of
the relationship during prolonged exercise at a constant work rate has not been established.
The present study investigated the relationship between %HRR and %VO,R during a
cardiopulmonary exercise test (CPET) and discrete bouts of isocaloric cycling and treadmill
running. Methods: Thirty physically active men [mean (minimum —maximum): age, 24 (18-
34) yr; height, 181 (163-198) cm; body mass, 84 (59-116) kg; body mass index, 25 (20-30)
kgm? percentage body fat, 18% (9%-27%) visited the laboratory three times for
anthropometrical and resting VO, assessments, and perform cycling and running CPETs. Ten
men visited the laboratory twice more to investigate the validity of the %HRR-%VO;R
relationships during isocaloric bouts of cycling and running at 75% VO,R with energy
expenditures of 400 kcals. Results: The %VO,R was significantly lower than the %HRR in
the CPETSs, especially during running (P < 0.001). During isocaloric exercise bouts, mean
%HRR-%VO,R differences of 6.5% and 7.0% were observed for cycling and running,
respectively (P = 0.007 to P < 0.001). The %HRR and %VO3R increased over time (P <
0.001), the rate of which was influenced by exercise modality (P < 0.001). On average, heart
rate was 5 (P = 0.007) and 8 (P < 0.001) beats-min™ higher than predicted from the second
time quartile for cycling and running, respectively; however, observed VO, was lower than
predicted during all quartiles for cycling, and the first quartile for running. Consequently, time
to achieve the target energy expenditure was greater than predicted (P < 0.01). Conclusion:
The %HRR-%VO,R relationship observed during CPET data did not accurately transpose to
prolonged isocaloric bouts of cycling and running. Additionally, work rates defined by the
ACSM equations for cycling and running overestimated VO, and energy expenditure.

Keywords: Cardiopulmonary exercise testing. Isocaloric exercise. Kilocalories. Training
intensity.
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CAPITULO I - O PROBLEMA

INTRODUCAO

A prescricdo do exercicio fisico tem por finalidade aprimorar a aptiddo fisica, visto os
beneficios proporcionados a salude, ao mesmo tempo em que se busca garantir a seguranca do
praticante (ACSM 2013). Assim, o respeito as peculiaridades individuais quando da
prescricdo do exercicio, no tocante a idade, especificidade da atividade, nivel de aptidao fisica
ou condicéo clinica, bem como a valorizagdo dos objetivos perseguidos pelo praticante, pode
favorecer uma maior adesdo ao exercicio, assegurando estimulo de treinamento adequado
[sem esforco excessivo e/ou desnecessario desconforto], melhorando a seguranca do
programa de exercicios em diferentes populacdes (ACSM, 1995; ALBRIGHT et al., 2000;
CHODZKO-ZAJKO et al., 2009; DONNELLY et al.,, 2009; GARBER et al., 2011;
PESCATELLO et al., 2004).

Nesse contexto, o treinamento aerdbio é valioso por induzir adaptacGes fisioldgicas
associadas ao aprimoramento da saude (JONES; CARTER, 2000; SWAIN; FRANKLIN,
2006; YUNG et al., 2009). Por permitir trabalhos de carater continuo envolvendo grandes
grupamentos musculares em uma mesma atividade, os exercicios aerobios tém sido indicados
como estratégia para programas de emagrecimento e combate a obesidade (DA CUNHA,
FELIPE A.; MONTENEGRO; FARINATTI, 2013; DONNELLY et al., 2009; JAKICIC;
OTTO, 2005), na prevencao e tratamento ndo farmacoldgico da hipertenséo arterial (JAMES
et al., 2014; PESCATELLO et al., 2004), prevencao e controle do diabetes tipo 2 (SIGAL et
al., 2006), entre outros. Todavia, para que se alcancem os beneficios do exercicio aerébio, é
necessario estabelecer uma relacdo dose-resposta adequada. Para tanto, deve-se considerar o
ajuste das variaveis do treinamento, a saber, intensidade, duracdo, frequéncia, e modo de
exercicio (ACSM, 2013; FLETCHER et al., 2013). Dentre estas, a intensidade das sessfes de
treinamento aerdbio tem recebido atencdo particular na literatura devido a sua eficacia no
aumento da aptiddo cardiorrespiratéria (KESSLER; SISSON; SHORT, 2012; SWAIN;
FRANKLIN, 2006), na reducdo do percentual de gordura e massa gorda (TREMBLAY;
SIMONEAU; BOUCHARD, 1994), e na diminuicdo dos fatores de risco cardiovascular,
como colesterol total, HDL, triglicerideos séricos, circunferéncia de cintura, sensibilidade a
insulina e glicemia (IRVING et al., 2008; KESSLER et al., 2012; NYBO et al., 2010;
TREMBLAY etal.,, 1994; TRILK et al., 2011).
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As intensidades dos exercicios aer6bios podem ser estabelecidas de acordo com as
recomendacdes do American College of Sports Medicine (ACSM), com base na frequéncia
cardiaca maxima (FCnsx), unidades metabodlicas (METs), consumo méaximo de oxigénio
(VO2max) € percepcdo subjetiva de esforgo (PSE) (ACSM, 2006;2009;2013). As estratégias
mais comuns se baseiam no relacionamento entre VO, e FC, em que permitem determinar e
controlar por meio do VO, a carga de trabalho, o volume de treinamento e o dispéndio
energético da sessao de exercicio a partir das equacbes metabolicas do ACSM (ACSM, 2013).
Durante muitos anos, a relacdo entre os diferentes percentuais de VOomax (%VO2max) € FCrmax
(%FChax) nortearam as recomendacfes do ACSM. Todavia, 0 método do %FCnsx apresenta
sérias limitaces do ponto de vista pratico. HA uma forte tendéncia de subestimar a
intensidade de exercicio em individuos em todas as faixas etarias, principalmente, aqueles
com idades mais avancadas (WHALEY et al., 1992). O método também é inexato para
estimar 0 %VO,msx em exercicios de baixa intensidade. Por exemplo, valores de 40, 50, 60,
80 e 85% do VO,msx corresponderiam, respectivamente, a 55, 62, 70, 85 e 90% do %FCx
(ACSM, 2006).

Outra forma de determinacdo da intensidade do exercicio pela FC é dada pelo método
de reserva, ou método de KARVONEN; KENTALA; MUSTALA (1957), definido como a
porcentagem da diferenca entre o valor méximo e de repouso (%FCR)*. O método de reserva
assume que a FC ndo parte do zero no inicio do esfor¢o fisico, 0 que permite uma maior
correspondéncia com a intensidade do exercicio em termos de VO,, tendo sido inclusive
sugerida a substituicdo do %FCnax pelo %FCR (ACSM, 1998). Nas ultimas recomendacdes
do ACSM (2006;2009;2013) foi proposto, além disso, a utilizagdo do método de reserva pelo
VO, em substituicdo ao método do %VO,max. Andlogo a FCR, este conceito € definido como
a porcentagem da diferenca entre o valor méximo e de repouso (%VO,R)® Existe uma
premissa que 0s %FCR teriam uma relagdo mais proxima com os %VO,R, em comparagdo
com 0s %VO,msx (SWAIN; LEUTHOLTZ, 1997; SWAIN et al., 1998). Para 0 ACSM, isso
aumentaria as chances de que a intensidade dos exercicios coincidisse com as prescri¢oes
baseadas na %FCR. O %FCR relacionar-se-ia melhor ao %VO,R em todos os niveis de
aptiddo cardiorrespiratdria, especialmente em individuos com baixa capacidade de exercicio e
durante as zonas mais baixas de intensidade de treinamento (ACSM, 2013). Por exemplo,

'FCR= (FC maxima— FC repouso) X Intensidade (%) + FC repouso

2VO,R = (VO2 maxivo — VO repouso) X Intensidade (%) + VO, repouso
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para promover saude, o ACSM recomenda uma intensidade de exercicio entre 40% e
85%FCR ou %VO;R, e um dispéndio energético alvo entre 150 a 400 kcal por sessdo de
exercicio. Além disso, conceito de atividade fisica de leve intensidade tem sido definida como
20-39%VO,R-FCR, atividade de moderada intensidade 40%-59%V0O,R-FCR e atividade de
vigorosa intensidade 60%-85%VO,R-FCR (GARBER et al., 2011).

Em termos praticos, por meio da relagdo entre %FCR e %VO,R estabelece-se um
percentual desejado de intensidade dentro da faixa recomendada pelo ACSM, obtendo-se
assim valores absolutos para a FC (batmin™) e VO, (mLkg*min™) a serem aplicados no
treinamento. Usualmente, a partir dos valores de VO, obtidos por meio do célculo da equacgéo
de %VO,R (Gross VO,), sdo calculadas as velocidades de caminhada e corrida ou a poténcia
de pedalagem (ACSM, 2013). Para célculo do dispéndio energético das sessdes de
treinamento, considera-se em primeiro lugar o NET VO, [Gross VO, —VO, de repouso]
(SWAIN, 2000). Em segundo lugar, é necessério converter o NET VO, (mL-kg™-min™) para
unidade absoluta (L-min™). Para tal, multiplica-se o valor em mLkg™min™ pela massa
corporal (kg) e divide-se por 1000 (isto é, 1000 mL por litro). Posteriormente, para
transformar o VO, (L'min™) em dispéndio energético (kcal'min™) é s6 multiplica-lo por 5
(isto €, aproximadamente 5 kcal por L de O, durante o exercicio em ritmo estavel) (ACSM,
2013).

A Tabela 1 apresenta as caracteristicas dos estudos que investigaram a suposta relacao
de equivaléncia entre os %FCR-%VO,R. Foram encontrados 19 estudos entre o periodo de
1997-2016, contemplando um total de total de 1903 individuos entre 11 a 73 anos, sendo 615
do sexo feminino [meédia £ DP (idade: 42,5 £ 6,0 anos)] e 1255 do sexo masculino [média +
DP (idade: 41,0 £ 5,5 anos)].



Tabela 1: Caracteristicas dos estudos relativas a caracteristicas da amostra, medida do VO, de repouso e protocolo de teste de exercicio.
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Caracteristicas da Amostra

Medida do Tino de Protocolo d
ipo de Protocolo de
Estudos Idade Vo VO, de
Sexo TT— Populacéo Teste
kg =-min repouso
(anos) (mL-kg™-min™) p
SWAIN; LEUTHOLTZ M (33) 30 £ 1 anos 43,8 ] )
Aparentemente saudavel Sim Escalonado
(1997) F (30) 27 £1 anos 329t
M (26) 26 + 1 anos 51,8+238 ]
SWAIN et al. (1998) Aparentemente saudavel Sim Bruce
F (24) 25+ 1 anos 382+1,7
ROTSTEIN; MECKEL 54,1 + 3,7 (corrida) o ]
M (14) 25,2 £ 2,9 anos ) Estudantes de educacéo fisica Sim Escalonado
(2000) 34,6 £ 4,1 (ciclo de MMSS)
M (44) . :
62 £ 11 anos 19,4 +6,0 Infarto do Miocérdio (1M)
F (21)
BRAWNER; KETEYIAN; M (46) o ) )
53 + 12 anos 16,5+4,4 Insuficiéncia Cardiaca (CHF) N&o Escalonado
EHRMAN (2002) F (26)
M (18) _
55 + 10 anos 209+6,4 Fatores de Risco para DAC (RF)
F (24)
M (15) 42,5 + 2,0 anos 303+15 )
BYRNE; HILLS (2002) Obesos Sim Descontinuo
F(17) 41,8 + 2,8 anos 21,7+11
M (8) Diabéticos com Neuropatia Autondmica
62,9 + 2,8 anos 151+13
COLBERG; SWAIN; F (5) (DAN) )
Sim Escalonado
VINIK (2003) M (6) Diabéticos sem Neuropatia Autondmica
58 + 2,2 anos 19,0+21

F(4)

(No DAN)
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Tabela 1 (cont.)
YOSHIGA; HIGUCHI; ~48,6 (remo) _ ) )
M(15) 62 + 3 anos ) Homens idosos Sim Descontinuo
OKA (2003) ~44,3 (corrida)
36,0 (linha de base)
M (275) )
41,4 (pbs-treinamento) o )
GASKILL et al. (2004) 17-65 anos ) Inicialmente sedentarios Nao Escalonado
27,5 (linha de base)
F (345) .
32,8 (po6s-treinamento)
M (28) 13,9+ 1,9 anos 48,4 +6,1 ) )
HUI; CHAN (2006) Criangas e adolescentes Sim Descontinuo
F (21) 13,1+ 2,0 anos 41,6 £ 3,6
M/F (48) 30,6 £ 7,8 anos 43,2 + 7 (Eliptico)
F (24) 32,1 + 8,6 anos 39,7 + 5,5 (Eliptico)
M (24) 29,2 + 6,8 anos 46,7 + 6,7 (Eliptico)
44,3 + 6,9 (Eliptico)
DALLECK; KRAVITZ M/F (24) 29,6 + 7,4 anos _ , . B
(2006) 44,6 + 7,4 (Esteira) Aparentemente saudavel Sim Balke modificado
40,4 + 6,1 (Eliptico)
F(12) 31,7 £ 9,2 anos
41,1 +7,1 (Esteira)
48,2 + 5,5 (Eliptico)
M (12) 27,6 4,6 anos
48,2 + 6,1 (Esteira)
M (11) 24,5+ 1,2 anos 69,0+2,2 Ciclistas Amadores )
LOUNANA et al. (2007) o o Sim Escalonado
M (15) 25,5+ 0,9 anos 72,3+£12 Ciclistas Profissionais
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M (40) 55 + 7 anos 35.4+10 Grupo controle
Insuficiéncia Cardiaca
M (213) 56 + 9 anos 16.1+4 )
MEZZANI et al. (2007) (uso de betabloqueador) Sim Rampa
Insuficiéncia Cardiaca
M (175) 58 + 8 anos 153+3
(sem betablogueador)
M(8)/F(15)  T1 45+7 anos 27.0+3.4 IMC = 27.1-32.1 kg/m*
PINET et al. (2008) M(9)/F(14) T2 43 %7 anos 25.9+4.2 IMC = 32.9-35.8 kg/m® Sim Rampa
M(10)/F(12) T3 48 +4 anos 224+4.1 IMC = 36.0-46.6 kg/m?
F (80) 31.4 £ 4.3 anos 216+38
222+139 Mulheres entre 162 e 202 semanas de ) Protocolo modificado
DAVENPORT et al. (2008) 3 Sim
F (26) 30.6 £ 4.1 anos gestagéo de Balke
(subgrupo - validagéo cruzada)
. 19.6+6
27 pacientes
50 + 12 anos
CARVALHO; (86%M) - s
(Otimizado com betabloqueador) Protocolo modificado
GUIMARAES; BOCCHI Insuficiéncia Cardiaca Sim
. 18+5 de Naughton
(2008) 35 pacientes
T506M 47 + 10 anos
(75%M) (Sem betabloqueador)
] 46 +12 anos Sedentérios e receptores de transplante .
19 pacientes i ] . Protocolo modificado
CARVALHO et al. (2010) N.I. cardiaco (5.4 £+ 3.3 anos apds o Sim
(57%M) 31 +11 anos de Naughton
transplante)
52.6 + 4.1 (protocolo em rampa) ] )
CUNHA et al. (2010) M(33) 21.0 + 4.0 anos Homens saudaveis Sim Rampa e Bruce

48.4 + 4.0 (protocolo de Bruce)
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Tabela 1 (cont.)

CUNHA et al. (2011) M(28) 21 + 4 anos 52.8+4.2 Homens saudaveis Sim Rampa

37.7 £ 6.2 (ciclismo)
CUNHA et al. (2014) M(16) 43.3 £ 5.0 (caminhada) Estudantes universitarios Sim Rampa
21 * 4 anos 43.8 + 5.1 (corrida)

T Valores relativos de VO,4 calculados por meio dos valores médios de massa corporal (kg) disponibilizado pelos autores. IMC = indice de massa corporal; MMSS = membros superiores;

M = masculino; F = feminino. N.I. = ndo informado.
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Apesar de sua aceitacdo, é valido mencionarmos que o método apresenta limitagdes
derivadas, principalmente, da obtencdo dos valores de VO;nmax € VO, de repouso, assim como
da metodologia empregada pelos estudos para observacéo e analise da relacdo entre os %FCR
e 0s %VO,R em diferentes populacdes. Em revisdo sistematica, DA CUNHA, F. A,
FARINATTI PDE; MIDGLEY (2011) destacaram as seguintes limitacdes: a) os critérios para
determinacdo VO, de repouso séo deficitarias ou inexistentes em um bom nimero de estudos
(ex.: adocdo do valor de referéncia de 3.5 mL-kg*min™), principalmente entre aqueles que
estudos que apoiam a utilizacdo da nocao de %VO,R em populacdes aparentemente saudaveis
ou com niveis reduzidos de aptidao cardiorrespiratéria; b) a maior parte dos estudos adotou
teste incremental maximo para obtencéo do VO,msx € estudo das relagfes entre os percentuais
de FCR e VO3R, com grande sobrecarga de trabalho entre os estagios, aumentando a chance
de fadiga periférica e consequentemente, um menor alcance de VO, de pico — poucos foram
0s estudos que fizeram uso de protocolo de rampa, talvez mais adequado para esse tipo de
comparacdo. Esses aspectos constituem limitagdes importantes, haja vista que o VO, de
repouso e 0 VOomax compdem a equacdo de VO,R. Por fim, a validade da suposta relacédo de
1:1 entre %FCR e %VO;R, obtida a partir de teste incremental maximo de curta duracéo, no

contexto das rotinas de prescricdo do exercicio aerobio, ainda é pouco clara.

Portanto, uma andlise criteriosa dos aspectos metodologicos empregados pelos estudos
para obtencdo e analise destas variaveis e sua aplicabilidade para prescricdo de exercicio se
faz necessério.

A busca dos estudos foi realizada nas bases de dados do MEDLINE, LILACS,
SCIELO e Google académico, sem restricdes de data de publicacdo dos estudos. Buscas
manuais também foram realizadas em listas de referéncias de artigos para rastrear estudos
importantes a serem incluidos e que por alguma razdo ndo apareceram na busca eletrénica.

Os termos usados como descritores principais para a busca foram: “Arr”, “heart rate
reserve”, “vo2r”, “oxygen uptake reserve” “voZ2max”, “maximal oxygen uptake”, “exercise

o«

prescription”, “exercise intensity”. OSs sindbnimos dos termos utilizados como descritores de
busca foram retirados através da base Mesh no Medline e posteriormente foi feita a busca

avancada nas bases de dados ja citadas.
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1.1 Limitacdes metodologicas para o calculo do %VO;R a partir dos critérios de medida

para o VO, de repouso e maximo

1.1.1 Medida do VO, de repouso

Uma das limitages do método da reserva do VO, reside na obtengdo dos valores de
VO, em repouso. Em muitos casos, assumiu-se que 1 MET equivaleria a 3,5 mL-kg™-min™,
mas sabe-se que varios fatores podem interferir nessa taxa, como idade, sexo, massa corporal,
massa muscular, massa gorda, entre outros. BYRNE et al. (2005) mediram o VO, de repouso
por calorimetria indireta em um grupo de 642 mulheres e 127 homens de 18 a 74 anos de
idade e massa corporal de 35 a 186 kg. O VO, de repouso medido foi de 2,6 + 0,4 (1,61-4,05)
mL-kg™min?, sendo significativamente menor que o valor de referéncia para 1-MET
geralmente aceito, de 3,5 mL-kg?min™. Os autores constataram, além disso, que o VO, de
repouso tinha uma relagdo inversa com o indice de massa corporal (IMC): quanto menor o
IMC, maior era 0 VO, de repouso. Houve, outrossim, influéncia do sexo e idade sobre 0 VO,
de repouso. Nesse contexto e corroborando os achados de BYRNE et al. (2005), CUNHA;
MIDGLEY; MONTENEGRO; et al. (2013) observaram que o valor médio de 3,21 (2,00-
4,40) mL-kgmin™ para o VO, de repouso foi significativamente menor do que o valor
padrio de 3,5 mL-kg™-min™ em 125 homens saudéveis de 17 a 38 anos de idade (média + SD:
23,2 £ 4,7), massa corporal de 52,6 a 110,9 kg (média + SD: 73,5 £ 9,8) e IMC de 18,9 a 33,8
(média £ SD: 23,6 + 2,3). Porém, os autores ndo encontraram correlagdo significativa entre o
VO, de repouso vs. IMC (r = -0,038; P = 0,68). Portanto, surge uma questdo: como explicar
0s achados divergentes na relagdo entre VO, de repouso e IMC entre os estudos de BYRNE et
al. (2005) e CUNHA; MIDGLEY; MONTENEGRO; et al. (2013)? Nesse caso, é importante
mencionar que o IMC apresenta uma forte associagdo com a gordura corporal em individuos
com percentual de gordura elevado (ex.: individuos obesos e/ou com sobrepeso), como, por
exemplo, a amostra investigada por BYRNE et al. (2005). Por outro lado, quando se trata de
populacbes ndo obesas (eutrdficas) caracterizadas por menor massa gorda e maior massa livre
de gordura em sua composicdo corporal, como foi 0 caso da populacdo investigada por
CUNHA; MIDGLEY; MONTENEGRO; et al. (2013), o IMC parece ndo ser um fator
determinante para o VO, de repouso. Logo, a associagéo entre VO, de repouso vs. IMC deve

ser vista com cautela.
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COMPHER et al. (2006), em estudo de revisdo, analisaram 0s critérios metodologicos
mais apropriados para medida do VO, de repouso. Dentre os principais critérios utilizados na
medida do VO, de repouso, destacam-se: a) jejum de 4 a 6 h a fim de se evitar o efeito
térmico do alimento; b) abstinéncia de café, alcool, nicotina ou quaisquer outros estimulantes
— minimo de 4h; c) periodo de repouso antes da medida — minimo de 10 a 20 min; d) periodo
de restricdo de atividades fisicas — minimo de 2h para atividades moderadas e 14h para
atividades vigorosas; €) tempo de medida — minimo de 5 a 10 min, em condi¢des de steady
state, descartando-se 0s 5 minutos iniciais. Apesar disso, 0s autores reconheceram lacunas em
relacdo ao tempo ideal de medida, assumindo, portanto, uma duracgdo de 25 a 30 min para uma
medida ideal. Na tentativa de suprir essa lacuna, CUNHA; MIDGLEY; MONTEIRO et al.
(2013), investigaram o tempo ideal de medida em 30 voluntarios do sexo masculino,
sugerindo o seguinte protocolo: ap6s 10 min de aclimatizacao, sdo necessarios pelo menos 30
min continuos de medida para atingir condi¢fes de steady state — coeficiente de variagdo <

10% para os valores de VO, e VCO, em situacdo de repouso.

Com base nessas recomendacdes, pode-se afirmar que ha importantes limitacdes na
maioria dos estudos que analisaram a relacdo entre %FCR e %VO,R, a0 menos em relacéo
aos critérios adotados na obtencdo da medida do VO, de repouso. A Tabela 2 apresenta, por
exemplo, os critérios metodologicos e os valores médios £ DP para o VO, de repouso medido
em diferentes populacdes. BRAWNER et al. (2002) e GASKILL et al. (2004) nao fizeram
qualquer tipo de analise ou medida do VO, de repouso, enquanto os demais adotaram
diferentes metodologias na obtencéo do VO, de repouso. Outros 7 estudos (BYRNE; HILLS,
2002; CUNHA etal., 2011; CUNHA et al., 2010; CUNHA et al., 2014; HUI; CHAN, 2006;
LOUNANA et al., 2007; PINET et al., 2008) satisfizeram praticamente todos os critérios
necessarios para a medida do VO, de repouso, destacando-se o tempo de medida utilizado de
pelo menos 30 min. A Unica excec¢do deu-se para o periodo de jejum de 3 h, quando 0 minimo
sugerido seria de 4 h (BYRNE; HILLS, 2002; HUI; CHAN, 2006; LOUNANA et al., 2007).

Quando se analisam os estudos de SWAIN; LEUTHOLTZ (1997); (1998) com
individuos saudaveis, percebe-se que dos cinco critérios apontados, somente dois foram
respeitados: a abstinéncia de alimentos estimulantes e o tempo minimo de medida de 5 min —
que apesar de ndo atingirem a duracgdo considerada ideal, ndo podem ser considerados errados.
O estudo de ROTSTEIN; MECKEL (2000) respeitaram somente dois dos cinco critérios,

quais sejam, 30 min de repouso prévios a medida e afericdo do VO, por 5 min. Porem,
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similarmente a outros dois estudos (CARVALHO et al., 2010; CARVALHO et al., 2008), os
autores ndo apresentaram os valores médios obtidos para 0 VO, de repouso. No estudo de
COLBERG et al. (2003) houve preocupacdo com o tempo de jejum (a partir da noite anterior
a medida), restricdo de atividades fisicas por 24h, repouso de 10 min antes da afericdo e 10
min para o tempo de medida. Os estudos de YOSHIGA et al. (2003), MEZZANI et al. (2007)
e DAVENPORT et al. (2008) enfim, ndo satisfez nenhum dos critérios recomendados por
COMPHER et al. (2006).

Logo, poucos foram os estudos sobre a relacdo FCR e VO,R que se preocuparam em
respeitar critérios minimos para obtencdo do VO, de repouso. Por outro lado, o VO, de
repouso é uma variavel fundamental para o célculo do VO3R, consistindo de fato em uma das
principais limitagdes do método de prescri¢do da intensidade do treinamento aer6bio com
base nessa nocdo. CUNHA et al. (2010), por exemplo, investigaram se a adogdo de valores
mais precisos para 0 VO, de repouso pode influenciar na magnitude do erro para o calculo de
VO;R, e consequentemente, em sua relacdo com a FCR. Os autores realizaram,
respectivamente, trés medidas de VO, de repouso para posterior calculo do %VO;R e andlise
de sua influéncia na relagdo com os %FCR, juntamente com o0s protocolos de teste maximo de
exercicio. A primeira delas, denominada “padrdo”, adotou todos os critérios de medida
estabelecidos por COMPHER et al. (2006) na posi¢édo supina. As outras duas medidas de VO,
de repouso, denominadas “sentado” e “de pé”, foram realizadas antes do teste cardiopulmonar
de exercicio (TCPE), utilizando critérios similares adotados por estudos anteriores que
investigaram as relacdes entre %FCR e %VO,R. Os autores observaram que 0s %VO,R
calculados por meio da medida “padrao” para o VO, de repouso foram mais préximos dos
%FCR do que quando calculados pela outras duas medidas — no caso, VO, de repouso
“sentado” e “de pé”. Em outras palavras, isso significa que a adogdo de critérios
metodologicos mais eficazes para medida do VO, de repouso parece refletir em melhores
resultados para os calculos de reserva pelo VO,. Este fato passa a ser de fundamental
importancia, principalmente, em populagdes caracterizadas por baixos niveis de aptiddo fisica
e com idades mais avancadas. Estudos apontam, por exemplo, que individuos com menor
aptidao fisica tendem a um menor VO, de repouso (POEHLMAN, 1989; SPEAKMAN;
SELMAN, 2003). Portanto, a analise dos critérios metodoldgicos para medida do VO, de
repouso torna-se de grande valia, principalmente, quando se trata de populagdes ndo-atletas.



Tabela 2: Metodologia adotada para medida do VO, de repouso em estudos que analisaram a relacdo entre 0s %FCR e %VO,R.
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CRITERIOS DE MEDIDA

RESULTADOS

ESTUDOS . Abstinéncia de café, Repouso Tempo de restricdo  Tempo de Dados aproveitados o
Tempo Jejum . o . ] o » . i ] Valores médios
alcool, nicotina, outros (pré-medida) de atividades fisicas  medida p6s-medida
SWAIN; LEUTHOLTZ ) ) < valores medidos em (H) 4,1 mL-kg™min™f
1h 24h 5 min NA 5 min i 14
(1997) 60s continuos (M) 3,9 mL-kg~min
_ _ o o (H) 3,4+ 0,2 mL-kg*min™
SWAIN et al. (1998) 1h 24h 5 min NA 5 min Média dos 2 min finais 14
(M) 2,7 £0,2 mL-kg™min’
ROTSTEIN; MECKEL ) )
3h NA 30 min NA 5 min NA NA
(2000)
_ _ Média dos Gltimos 10 (M) 2,78 + 0,10 mL-kg™*min™
BYRNE; HILLS (2002) 3h 12h 45 min 12h 30 min ) N
min (F) 2,46 + 0,07 mL-kg™min’
Periodo da noite _ 24 h exercicios _ (DAN) 2,9 + 0,4 mL-kg™min™
COLBERG et al. (2003) antecedente a NA 10 min i 10 min NA 1.1
. vigorosos (noDAN) 2,7 £ 0,4 mL-kg min’
medida
Posicdes "sentado" e "de pé"
YOSHIGA et al. (2003) NA NA NA NA NA NA Lo
5,7+ 2,9 mL-kg™-min’
A partir do dia da _ 24 h exercicios _ Média dos Gltimos 5 (M) 3,9 £ 0,7 mLkg*min™
HUI; CHAN (2006) 3h ) 20 min . 20 min . —
medida vigorosos min (F) 3,2+ 0,7 mL-kg™-min’
DALLECK; KRAVITZ ] Meédia dos ultimos 2 (M) 3,7 0,4 mL-kg™min’"
4h NA 5 min 12h NA . —
(2006) min (F) 3,6 £ 0,4 mL-kg™-min
o o o (AMAT) 4,22 + 0,2 mL-kg™"-min
LOUNANA et al. ) 24 h exercicios ) Média dos altimos 10 L4
3h 24 h 20 min 20 min (PRO) 4,35 + 0,3 mL-kg min’

(2007)

vigorosos

min
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(N) 3,38 0,74 mL-kg ™ min™

MEZZANI et al. (2007) NA NA 3 min NA 3 min Média dos ultimos 30 s N
(CHF) 2,68 + 0,67 mL-kg™-min’
} o o Grupo T12,7+0,5 mL-kg™~min’*
] Somente na manha ] Média dos Gltimos 20 —
PINET et al. (2008) 12 h 24 h 15 min 45 min . Grupo T2 2,4+0,4 mL-kg™-min’
do teste min —
Grupo T3 2,3+0,4 mL-kg™-min’
DAVENPORT et al. . _—
NA NA NA NA 5 min NA (F) 3,7+0,8 mL-kg"-min
(2008)
CARVALHO et al. Valores obtidos nos
3h 24 h NA NA NA ) NA
(2008) altimos 30 s
CARVALHO etal. Valores obtidos nos
2h 24 h NA NA NA o NA
(2010) Gltimos 30 s
_ _ "Padrédo” 3,0 + 0,4 mL-kg™-min™
8h 24 h 20 min 24 h 30 min . ) . .
] . Gltimos 10 min dltimos  "Sentado" 3,7 £ 0,4 mL-kg ~min’
CUNHA et al. (2010) 3h 24 h 10 min 24 h 5 min ) ) ) L
) ) 2 min Gltimos 2 min
3h 24 h 10 min 24 h 5 min —
"Empé" 4,1 £ 0,4 mL-kg-min’
) ) Média dos dltimos 10 _—
CUNHA et al. (2011) 8h 24hs 20min 24hs 30 min ) 2,9 £ 0,4 mL-kg-min’
min
) ) Meédia dos dltimos 5 _—
CUNHA et al. (2014) 8h 24hs 10 min 24hs 40 min 3,0 £ 0,5 mL-kg-min’

min

NA — N&o relatado pelos autores.

+ Valores relativos de VO, de repouso calculados por meio dos valores médios de massa corporal (kg) disponibilizado pelos autores.
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1.2 Protocolo de teste de exercicio maximo e suas implicac¢Ges para o calculo do %VO,R

Outra questdo a ser discutida reside no tipo de protocolo de teste de exercicio adotado
para analisar a relagdo entre os percentuais de FCR e VO,R. Basicamente, ha trés tipos de
protocolos (Tabela 3): protocolo de teste com incremento de carga progressivo por estagio
(escalonado), protocolo de teste com incremento de carga descontinuo (intermitente) e
protocolo de teste com incremento de carga continuo (rampa). Destes, apenas 5 estudos
utilizaram o protocolo rampa (CUNHA et al., 2011; CUNHA et al., 2010; CUNHA et al.,
2014; MEZZANI et al., 2007; PINET et al., 2008), dois utilizaram protocolos descontinuos
(BYRNE; HILLS, 2002; HUI; CHAN, 2006) e 12 fizeram uso de protocolos escalonados
(BRAWNER et al., 2002; CARVALHO et al., 2010; CARVALHO et al., 2008; COLBERG
et al., 2003; DALLECK; KRAVITZ, 2006; DAVENPORT et al., 2008; GASKILL et al.,
2004; LOUNANA et al.,, 2007; ROTSTEIN; MECKEL, 2000; SWAIN; LEUTHOLTZ,
1997; SWAIN etal., 1998; YOSHIGA et al., 2003).

SWAIN; LEUTHOLTZ (1997) adotaram, em estudo inicial, protocolo de teste em
cicloergbmetro com carga incremental a cada 3 min de estagio, até a exaustdo. No segundo
estudo, SWAIN et al. (1998) valeram-se do protocolo de BRUCE; KUSUMI; HOSMER
(1973) para esteira rolante. Em ambos 0s casos, 0 maior tempo de estabilizacdo (3
min/estagio) e a utilizacdo de inclina¢des muito elevadas podem ter favorecido uma maior
fadiga periférica e menor consumo de oxigénio de pico (CUNHA et al., 2010; MIDGLEY et
al., 2008; MYERS et al., 1991). Os demais utilizaram protocolos de teste de esforco similares
aos aplicados nos estudos de SWAIN; LEUTHOLTZ (1997); (1998), distinguindo-se em
relacdo a determinagdo das cargas iniciais, incremento de carga por estagio e cadéncia do

ciclo-ergbmetro (ver Tabela 3).

Os protocolos de teste de exercicio utilizados por BYRNE; HILLS (2002) e HUI;
CHAN (2006), denominados descontinuos, tinham estagios de 4 min de trabalho para 2s min
de recuperacdo e 3 min de trabalho para 1 min de recuperagdo, com incremento de 2,5% de
inclinacdo a cada estdgio, respectivamente. Esse tipo de protocolo é caracterizado por um
maior tempo de duracdo de teste, proporcionado por uma forte descontinuidade no trabalho e
longo periodo de estabilizacdo nos estagios especificos, fatores que podem interferir
negativamente na obtencdo dos valores maximos de VO, (YOON; KRAVITZ; ROBERGS,
2007).
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MYERS et al. (1991) verificaram que protocolos do tipo rampa apresentariam
estimativas mais precisas da capacidade de exercicio e uma maior confiabilidade na
valorizacdo dos indices para prescricdo de treinamento, exatamente por se tratarem de
protocolos individualizados, que promoveriam uma boa adaptacdo ao trabalho por meio de
incrementos de carga lentos e progressivos, induzindo respostas hemodinamicas e
ventilatérias mais uniformes. Protocolos em rampa apresentariam, maior reprodutibilidade,
além de levarem a afericdo de um maior VO,ns. Nesse sentido, CUNHA et al. (2010)
investigaram a influéncia do protocolo para teste cardiopulmonar maximo de exercicio em
esteira (protocolo em rampa vs. protocolo de Bruce) sobre a relagdo entre os valores
percentuais de FCR e VO,R em 33 voluntarios do sexo masculino. Foi possivel observar uma
diferenca significativa para os valores de VO,msx, Onde os valores mais altos foram obtidos

através do protocolo em rampa (diferenca média de 4.2 mL-kg™-min™).

Além disso, os dois protocolos de testes em questdo (rampa vs. Bruce) apresentaram
diferentes relacBes entre os métodos de determinacdo da intensidade de esforco pela FC e
VO,. No protocolo de Bruce, todas as relagbes estudadas foram bem proximas a linha de
identidade, ndo havendo diferenca entre 0s métodos de prescri¢do da intensidade do exercicio
pelo VO, (ex.: %VO,max e/lou %VO,R) em relagdo ao %FCR. Por outro lado, ndo houve
relacdo de equivaléncia entre 0os %FCR e %VO,R no protocolo em rampa. Portanto, fica a
pergunta: quais dos resultados devem ser levados em consideracdo para prescri¢cdo dos
exercicios (ex. protocolo de Bruce)? O protocolo que estabeleceu um melhor relacionamento
entre as variaveis estudadas? Ou o que promoveu melhores resultados na obtencdo dos valores
de VOonmax (ex.: protocolo em rampa)? O protocolo de Bruce, por exemplo, apresentou um
erro padréo de estimativa (EPE) nas relagdes entre %FCR e %VO,R mais elevado do que
protocolo em rampa (ex.: 5-6% vs. 3%, respectivamente), correspondendo a uma diferenca
absoluta de 1,0 mL-kg>min™. Quando estes dois valores séo considerados em conjunto (ou
seja, diferenca entre os valores de VO,max € EPE), 0 valor total da diferenga absoluta entre os
protocolos de Bruce e rampa foi de 5,2 mLkg’min™. Nesse caso, em intensidade de
70%FCR, um determinado participante teria uma FC alvo de 167 bpm e um VO, alvo de 37,7

mLkg™min? e 32,8 mL-kg--min, respectivamente.

De acordo com a equacdo metabolica do ACSM para corrida, isso representaria uma

velocidade de execucdo de 11,2 kmh™ e 9,8 kmh™, respectivamente. Em outras palavras, a
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prescri¢do do exercicio com base no VOznax 0Obtido no protocolo de Bruce pode subestimar o

volume de trabalho para uma dado % FCR em até 1-3 METS.



Tabela 3: Descricdo dos protocolos de teste em estudos que analisaram a relacdo entre 0s %FCR e %VO;R.
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DESCRICAO DOS PROTOCOLOS DE TESTE DE EXERCICIO

ESTUDOS . ] . o Estagio . Cadéncia
Ergdmetro Tipo Maximo Subméaximo . Carganicial Incremento de Carga /estagio ]
(min) (Ciclo)
40 W (< experiéncia) 40 W (< experiéncia)
SWAIN; LEUTHOLTZ )
Ciclo (MMII) Escalonado X 3 . N.I.
(1997) o 160 W (2° estagio)
80 W (> experiéncia) . .
40 W demais estagios
SWAIN et al. (1998) Esteira Bruce X 3 N.I. N.I.
11.2 km-h* 0,8 km-h!
_ X 1 _ Inclinagdo de 1%-min™ a
Esteira Escalonado Inclinacéo de 0%
ROTSTEIN; MECKEL partir do 4° estagio
(2000) X 5 30; 60; 80% FCR*
. X 1,5 30W 15 W por estéagio 50 rpm
Ciclo (MMSS) Escalonado
X 5 30; 60; 80% FCR*
BRAWNER et al. (2002) Esteira Escalonado X 3 NA 2 METS/estagio
) ] 4 (E) Velocidade constante Inclinacédo de 2,5%
BYRNE; HILLS (2002) Esteira Descontinuo X . L .
2 (R) (2a3,5mp-h™) (0,520,875 METs)
_ 0 W (mulheres)
COLBERG et al. (2003) Ciclo (MMII) Escalonado X 3 20w 50 rpm
20 W (homens)
Remo 100W Remo 25W
YOSHIGA et al. (2003) Remo e esteira Descontinuo X

Esteira 100 m-min™

Esteira 20 m-min™
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0 W (mulheres)

GASKILL et al. (2004) Ciclo (MMII) Escalonado 3 20 W 50 rpm
20 W (homens)
20 e 3° estagios
3(E) 8,0 km-h™
(9,0 € 10,0 km-h™);
HUI; CHAN (2006) Esteira Descontinuo 40 estagio — velocidade
_ constante (10,0 km-h™) com
1(R) Inclinacéo de 0% ]
incremento de 2,5%
inclinagéo
Esteira: velocidade constante
e incremento de 1% na
inclinacio até a fadi
DALLECK; KRAVITZ Eteira e Eliot Balke . i Jinacio de 0% inclinaggo até a fadiga
steira e Eliptico . inclinagdo de 0% voluntéaria.
(2006) modificado
Eliptico: aumento continuo
da resisténcia e cadéncia.
) 80 a 100
LOUNANA et al. (2007) Ciclo (MMII) Escalonado 3 ow 50 W
rpm
10 W-min™(CHF)
MEZZANI et al. (2007) Ciclo (MMII) Rampa 60 rpm
15 W-min™(N)
CARVALHO et al. ) Naughton
Esteira o N.I. N.I. N.I. N.I.
(2008) modificado
) BSU/Bruce
PINET et al. (2008) Esteira

ramp protocol
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Tabela 3 (cont.).

. Naughton
Esteira N.I. N.I. N.I. N.I. N.I.
CARVALHO et al. modificado
(2010)
. Rampa: 60%VOymex 1 .
Rampa 1 min Rampa: 0,8 km-h™ por min
CUNHA et al. (2010 Esteira X
(2010) ' _ (~8,5 km-h™ e 1%
Bruce 3 min o Bruce: 2 METs
inclinacgdo)
X 60%V Omax
CUNHA et al. (2011 Esteira Rampa X - 0,8 km-h* -
(2011) ' P (40 min 460, 70 e (8,5 km-h e 1%
80%VO,R) inclinacéo)
30 W-min™
32 +4 W-min™
Cicloergometro 4,0 km-h™ e inclinagdo & .
0,22 km-h’
. . 60%VO,ma.
CUNHA et al. (2014) Caminhada em esteira Rampa X - 55 rpm
. . 0,3%-min™*
_ _ Velocidade a ’
Corrida em esteira 60%6VO 8.6 km-ht
6V Oz (8.6 kem-h) 0,64 + 0,04 km

e 1% inclinagéo

* Cargas determinadas a partir da resposta da FC obtida no teste maximo. N.l. = ndo informado pelos autores.
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1.3 Respostas fisioldgicas durante sessbes prolongadas de exercicio e suas implicacoes a
hipotética relacdo de 1:1 entre 0s %FCR e %VO;R

Outro aspecto decorre do fato de que, em rotinas de prescri¢do de exercicio aerébio, 0s
percentuais de intensidade de FCR e VO2R sdo aplicados por longos periodos de duracdo. O
ACSM (2013) recomenda sessdes com duracédo entre 20-60 min de exercicio aerobio continuo
ou acumulado. Nesse contexto, ha duvidas quanto a validade externa da hipotética relagdo de
equivaléncia de 1:1 entre os diferentes percentuais de FCR e VO3R, considerando populag¢tes
com diferentes niveis de aptidao cardiorrespiratéria. Ndo se sabe em que medida essa relacao
é influenciada pelo tempo de trabalho para uma intensidade constante ou variada. Por
exemplo, a utilizagdo da FC como um indicador da intensidade metabdlica relativa baseia-se
em estudos de validacdo que tém empregado o exercicio de curta duracdo com aumento
progressivo da intensidade (ver DA CUNHA, F. A. et al., 2011 para uma revisdo). Em outras
palavras, se a alteracdo na FC € um marcador valido de alteracdo da intensidade metabdlica
relativa durante o exercicio prolongado realizado em diferentes condi¢bes ambientais ainda €
incerta. Neste contexto, CUNHA et al. (2011) investigaram o relacionamento entre 0s %FCR-
%VO,R durante sessbes prolongadas de corrida realizadas em trés diferentes intensidades
(60%, 70% e 80%VO,R) e carga constante de trabalho em ambiente neutro (19°C a 22°C). O
hipotético relacionamento de 1:1 entre os %FCR-%VO;R ndo pode ser reproduzido e, em
contraste com o que aparentemente ocorre durante teste incremental maximo (SWAIN;
LEUTHOLTZ, 1997; SWAIN et al., 1998), o erro percentual® entre as variaveis aumentou
com a intensidade de exercicio. Numa perspectiva pratica, esta € uma importante informacéo
para prescricdo de exercicio, desde que estudos prévios tém adotado a estratégia de
monitoramento da FC para ajustar a carga de trabalho correspondente a intensidade do
exercicio desejado e para garantir que os protocolos de treinamento sejam pareados pelo
dispéndio energético (ex.: isocaldricos) em adultos saudaveis (GORMLEY et al., 2008),
pacientes com insuficiéncia cardiaca (ROGNMO et al., 2004; WISLOFF et al., 2007), e
adultos obesos (SCHJERVE et al., 2008). Em outras palavras, parece que controlar a
intensidade do exercicio utilizando a FC ndo seria o suficiente para assegurar que o volume de
treinamento pretendido esteja sendo executado, particularmente em intensidades mais

elevadas.

* Erro Percentual = (%FCR - VO,R) / %FCR
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Por outro lado, a instabilidade nos relacionamentos entre os %FCR-%VOR durante o
exercicio continuo pode afetar a intensidade de treinamento, especialmente em sessdes de
treinamento de moderada a maxima intensidade. E bem conhecido que, durante exercicio
prolongado com maior intensidade, pode ocorrer um componente lento da cinética de VO,.
Tais aumentos no VO, tém sido atribuidos a varios mecanismos fisioldgicos, incluindo a
ativacdo de grupos musculares adicionais, maior atividade muscular respiratoria, recrutamento
de fibras musculares do tipo Il, aumento da temperatura muscular e niveis mais elevados de
lactato sanguineo, entre outros (JONES et al., 2011). Estes fatores podem também influenciar
as respostas cardiovasculares durante exercicio prolongado. O aumento no VO, esta
concomitante associado a uma diminui¢do no volume sist6lico e um aumento compensatorio
na FC, com pouca variacdo do débito cardiaco, que é conhecido como cardiovascular drift
(COYLE; GONZALEZ-ALONSO, 2001). Durante o exercicio prolongado, 0 aumento da
temperatura corporal e a hidratagdo mais baixa podem contribuir para uma diminui¢do da
pressdo de enchimento e do volume diastolico final, promovendo uma taquicardia
ligeiramente maior (FRITZSCHE et al., 1999) e, provavelmente uma dissociacdo entre 0s
%FCR e %VO,R. A partir dessas consideracBes, pode-se pensar que S30 nhecessarias
investigacOes adicionais sobre a aplicabilidade da relagéo entre os %FCR- %VO,R durante
sessOes prolongadas de exercicio envolvendo diferentes modalidades e intensidades de

esforco.

Por exemplo, é importante destacar que o erro percentual na relacdo entre %FCR e
%VO,R pode ser influenciado pelo modo de exercicio. Nesse aspecto, é bem aceito que
repostas fisioldgicas a diferentes modos de exercicio sdo diferentes (ABRANTES et al., 2012;
CUNHA et al., 2014; MILLET; VLECK; BENTLEY, 2009). NASSIS; GELADAS (2002)
compararam as respostas fisiologicas durante sessdes prolongadas de ciclismo e corrida de 90
min a 60%VO,msx em condi¢es termo neutras (23.8+0.3°C) em 11 homens aparentemente
saudaveis (VOamex ciclismo e corrida: 48,5 + 1,8 ¢ 52,1 + 2,2 mL-kg™>-min™, respectivamente).
Com excecdo do volume plasmatico, concentracdo de hemoglobina, temperatura da pele e
taxa de sudorese do antebraco, o0 modo de exercicio influenciou significativamente no
aumento do VO, frequéncia cardiaca, volume sistolico, débito cardiaco e temperatura central,
com vantagem para a corrida (P < 0,01). Apesar do maior grau de desidratacdo corporal e
hipertermia observada na corrida, o debito cardiaco diminuiu apenas no ciclismo, em resposta
a uma maior queda no volume sistolico que, por sua vez, ajuda a explicar o platé observado

para 0 VO, ao longo de toda a sessdo de ciclismo, ao passo que na corrida, houve um
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aumentou até o 43° min. Em outras palavras, esses achados sugerem que a massa muscular
recrutada (também um componente do volume de exercicio) desempenha um papel
fundamental no estresse fisioldgico associado a sessdes prolongadas de exercicio aerobio, 0
que reforca a nocao de que as relagdes entre 0s %FCR e %VO,R pode ser afetada pelo modo

de exercicio.

Outra pergunta a ser respondida € se as cargas de trabalho definidas pelas equacbes
metabdlicas ACSM reproduzem o VO2R para uma dada intensidade, que estaria similarmente
associada a FCR, e consequentemente ao dispéndio energético alvo. De fato, ndo se sabe ao
certo o quanto as velocidades ou poténcias definidas por estas equacBes reproduzem o
%VO,R com que se deseja trabalhar. Por exemplo, apenas dois estudos abordaram esta
questdo em ambiente neutro (CUNHA et al., 2012; CUNHA et al., 2011), concluindo que a
equacdo metabdlica de corrida do ACSM reproduziu o valor predito de FCR, mas
superestimou o VO,. Numa perspectiva pratica, seria Util determinar se as equacdes
metabolicas de caminhada e ciclismo do ACSM reproduzem com precisdo o dispéndio
energético alvo de sessBes isocaldricas de exercicio aerébio realizados com diferentes

intensidades.

Em resumo, algumas perguntas surgem a partir destes aspectos, 0 que podem ser

resumidos da seguinte forma:

1. Até que ponto a hipotética relacdo de 1:1 entre 0s %FCR-%VOR obtida por meio de
incremental maximo de exercicio de curta duracdo reflete rotinas de treinamento
envolvendo sessdes prolongadas subméaximas de exercicio?

2. A carga de trabalho definida pelas equagdes metabolicas do ACSM para corrida e
ciclismo reproduz o dispéndio energético alvo durante sessGes isocaloricas de

exercicio?



36

1.4 Objetivos do Estudo

1.4.1 Objetivo geral

Desse modo, a presente dissertacdo de mestrado tem por objetivo mais geral investigar
as relacBes entre os %FCR vs. %VO2R e verificar até que ponto a hipotética relagdo de 1:1
entre essas variaveis se reproduz durante teste incremental maximo e em sessdes prolongadas

submaximas de exercicio aerébio.

1.4.2 Objetivos especificos

Para a colimacdo desse objetivo, alguns objetivos especificos podem ser descritos,

como seqgue:

a) Estudar a validade da relagdo entre %FCR e %VO,R em duas modalidades de
exercicio (ciclismo e corrida);

b) Investigar se a carga de trabalho definida pelas equacfes metabdlicas do ACSM para
corrida e ciclismo reproduz o dispéndio energético alvo durante sessdes prolongadas

de exercicio aerobio.

1.5 Organizacéo do Estudo

A presente dissertacdo culminou em 1 artigo original. O estudo incluiu em seu escopo
uma introducdo, esclarecendo as razdes especificas de sua conducéo, e a descrigdo detalhada

dos métodos utilizados, bem como a apresentacao e discussdo dos resultados obtidos.
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1.5 HIPOTESE

Trabalhou-se com a hipdtese de que a hipotética relacdo de 1:1 entre 0os %FCR e
%VO,R ndo seria sustentada tanto no TCPE quanto na sessdao submaxima de exercicio com
carga constante em ambas as modalidades de exercicio (ex.. ciclismo e corrida).
Adicionalmente, foi testada a hipotese de que as equac¢des metabdlicas de ciclismo e corrida
do ACSM reproduziram o valor predito de FCR, mas ndo o valor predito de VO3R,

subestimando, portanto, o dispéndio energético alvo para as sessdes isocaloricas de exercicio.
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CAPITULO Il - MATERIAL E METODOS

2.1 Delineamento Metodoldgico

Em um total de 5 visitas ao laboratorio, foi realizado um estudo de carater
experimental, envolvendo 2 experimentos com o0s seguintes procedimentos: medidas
antropométricas para caracterizacdo fisica; b) medida das variaveis de trocas gasosas e
ventilatorias no repouso (ex.: VO, de repouso); c) teste cardiopulmonar de exercicio maximo
- protocolo em rampa; d) protocolos experimentais submaximos de treinamento. As
informagdes obtidas na primeira visita s&0 comuns aos dois experimentos, assim como 0s
valores de frequéncia cardiaca de pico (FCpico) € consumo de oxigénio de pico (VOazpico)

obtidos no protocolo em rampa (22 e 32 visitas) (Figura 1).

Figura 1: Fluxograma com o delineamento experimental do estudo.
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2.2 Amostra

30 voluntarios do sexo masculino, com idades entre 18-34 anos, foram selecionados
para o estudo (destes, apenas 10 retornaram ao laboratdrio para participar do 2° experimento).
A amostra foi composta por alunos do Instituto de Educacdo Fisica e Desportos da
Universidade do Estado do Rio de Janeiro (IEFD/UERJ). Os dados foram coletados no
Laboratdrio de Atividade Fisica e Promoc¢édo da Satde (LABSAU) da UERJ. Os interessados
realizaram entrevista pessoal, na qual foram informados dos objetivos, procedimentos e
potenciais riscos do estudo. Eles tiveram, entdo, sua elegibilidade para o estudo avaliada, com
base em critérios de inclusdo e exclusdo previamente estabelecidos. Todos 0s voluntarios
eram praticantes de atividades aerdbias ha pelo menos seis meses, com frequéncia semanal de

3 a5 vezes e minimo de 30 min por sessao.

As informacdes sobre fatores de risco que poderiam impossibilitar a pratica dos testes
foram obtidas por meio do questionario PAR-Q e as informacfes referentes as atividades
aerdbias praticadas foram relatadas por meio de historico de atividade fisica (Anexo 1). Os
seguintes critérios de inclusdo foram considerados: a) ndo fazer uso de medica¢Ges com acgdo
cardiovascular e/ou metabélica; b) ndo ser tabagista ou fazer uso de substancias que pudessem
ter efeito sobre o desempenho individual; c) auséncia de diagnostico de problemas 6steo-mio-
articulares limitadores da execucdo de exercicios fisicos; d) PAR-Q positivo. Antes da
realizacdo dos testes, os voluntarios preencheram Termo de Informacdo e Consentimento
(Anexo 2), conforme sugerido pela Resolucdo 196/96 do Conselho Nacional de Salde para
experimentos com seres humanos. O estudo foi aprovado pelo Comité de Etica em Pesquisa

do Hospital Universitario Pedro Ernesto (processo n° 3082/2011).

2.3 Medidas Antropomeétricas

Para as medidas de massa corporal e estatura foram utilizados, respectivamente, uma
balanca digital (Welmy®, Sao Paulo, Brasil) e um estadibmetro graduado em milimetros
(American Medical do Brasil, Sdo Paulo, Brasil). A densidade corporal e o percentual de
gordura foram estimados, respectivamente, por meio das equagdes de JACKSON; POLLOCK
(1978) e SIRI (1961) a partir das dobras cutaneas de peito/térax, abdémen e coxa, obtidas por

meio de compasso Lange® (Beta Technology Incorporated, Cambridge, Maryland, EUA).
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2.4 Adaptacédo ao Trabalho em Esteira Rolante e Cicloergdometro

Para evitar uma possivel influéncia da falta de adaptacdo aos ergbmetros nos
resultados, foi aplicado um trabalho especifico de adaptagdo em esteira rolante e
cicloergbmetro de MMII. Para tanto, diferentes cargas de trabalho foram implementadas,
conforme especificacfes de WALL; CHARTERIS (1980), alternando-se intensidades durante
15 min (Tabela 4). E vélido destacar que esse trabalho de adaptacéo foi idealizado com base
em protocolos existentes para familiarizagdo ao exercicio em esteiras rolantes e realizada uma

adaptacdo para o exercicio de ciclismo.

Ao final de cada velocidade foram treinadas técnicas de “desmonte” da esteira,
objetivando assim, uma maior seguranca do praticante na conducdo dos protocolos de teste
maximo presentes no experimento. Essa conduta foi repetida a partir das velocidades menos
elevadas, evoluindo para as mais intensas, para simular a situacdo real de teste. Todo o
processo de adaptacdo foi conduzido mediante monitorizacéo das varidveis de trocas gasosas

e ventilatdrias e da frequéncia cardiaca.

Tabela 4: Cargas de trabalho para adaptacédo a esteira rolante e cicloergbmetro.

Minutos
Carga de Trabalho

100 20 3¢ 4 5° g 7° 8§ 9° 10° 11° 12° 13° 14° 15°

Esteira (km-h) 50 50 80 55 90 60 100 60 110 55 120 55 90 50 50

Ciclo* (Watts) 30 30 60 50 80 60 90 40 100 50 110 50 80 30 30

Cadéncia de pedalagem entre 55 e 65 RPM. *Adaptacdo feita para cicloergbmetro

2.5 Consumo de Oxigénio de Repouso (VO; repouso)

As variaveis de trocas gasosas e ventilatorias (VO,, VCO, e Vg) foram coletadas com
auxilio de analisador de gases metabdlicos VO2000 (Medical Graphics®, Saint Louis, EUA),
com frequéncia de saida de dados a cada 30 segundos, por meio do pneumotacometro de
baixo fluxo, aconselhado para medidas de repouso e com mascara de silicone (Hans
Rudolph®, EUA). Durante a afericdo foram feitas anotaces relacionadas a ocorréncia de
movimentos bruscos, tosses ou espirros, assim como referentes a quaisquer outros fatores que

pudessem afetar o fluxo de gases, para a eliminacdo dessas medidas. As condicdes de
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temperatura ambiente foram mantidas entre 20-22°C. Os equipamentos foram previamente
calibrados de acordo com as instru¢bes do fabricante. Os analisadores de gases foram
calibrados por meio de uma mistura padrdo (White Martins®, Rio de Janeiro, Brasil) de
oxigénio (17,01%) e dioxido de carbono (5,00%), balanceada com nitrogénio. Os fluxos e 0s
volumes do pneumotacémetro foram calibrados com uma seringa graduada com capacidade
de trés litros (Hans Rudolph®, Kansas, EUA).

Previamente a aferi¢cdo da medida de VO, de repouso, 0s sujeitos foram orientados no
sentido de: a) ndo praticarem qualquer tipo de atividade fisica nas 24 h; b) abstinéncia de
bebidas alcoodlicas, coladas ou com cafeina por 24 h; c) fazer jejum nas 4-6 h anteriores a
medida; d) realizar o minimo de esfor¢o no deslocamento até o laboratério (COMPHER et al.,
2006). Uma vez no local da afericdo, os individuos permaneceram deitados, em repouso
absoluto e em ambiente tranquilo, por 10 min. Ap6s o periodo de repouso, as variaveis de
trocas gasosas e ventilatorias (VO,, VCO; e Vg) foram coletadas durante 40 min. Para a
analise dos dados foram utilizados os valores médios obtidos nos 5 min finais (CUNHA,;
MIDGLEY; MONTEIRO; et al., 2013).

2.6 Teste Cardiopulmonar de Exercicio Maximo

Os sujeitos foram orientados a ndo praticarem qualquer tipo de esfor¢o fisico no dia
anterior (24h), ndo consumirem bebidas alcodlicas, coladas ou com cafeina nas 8 horas
precedentes ao teste e ndo ingerirem alimentos 3h antes. O teste foi realizado na esteira
rolante elétrica Super ATL (Inbramedt®, Porto Alegre, Brasil) e no cicloergbmetro para
MMII com frenagem eletromagnética (Inbramed®, Porto Alegre, Brasil), utilizando-se um
protocolo individualizado do tipo rampa. O protocolo foi elaborado com base nos valores de
VO,max estimado pelo modelo sem exercicio de MATTHEWS et al. (1999). Esse modelo de
predicdo sem exercicio foi desenvolvido para populagdes saudaveis, com idades entre 18 e 80
anos, podendo ser aplicado tanto em homens quanto em mulheres. MARANHAO NETO
GDE; PONCE DE LEON; FARINATTI PDE (2008), em revisdo sistematica, classificaram o
questionario de Matthews com um dos poucos estudos que atendiam a todos os critérios
associados a atribuicdo de qualidade a esse tipo de método de estimativa do VO msx, quais
sejam: (a) inclusdo de variaveis explicativas com base tedrica sélida; (b) comparacdo com

critérios de validacdo reconhecidamente pertinentes (padrdo-ouro); (c) equacdes apresentadas
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por completo, incluindo erro padréo da estimativa e coeficientes de ajustamento; (d) equagdes
submetidas a processo de validacdo cruzada. A partir desses valores foram calculadas as
cargas iniciais, finais e as razGes de incremento de carga para cada modalidade de exercicio
conforme especificacdes prévias (CUNHA et al., 2015; CUNHA et al., 2010), com base nas
equacdes metabolicas propostas pelo ACSM (2013), de modo a programar o teste para que

sua duracéo situasse se na faixa de 8 a 12 min.

Para que o teste fosse considerado maximo, os sujeitos teriam que atingir a0 menos
trés dentre os seguintes critérios, segundo adaptacdo da proposta de HOWLEY; BASSETT;
WELCH (1995): a) exaustdo voluntaria maxima; b) FC > a 90% da FCps estimada para idade
ou auséncia de elevacdo da FC mediante acréscimo de carga ao final do teste; c) presenca de
um platd no VO, com a evolugao das cargas ao final do teste (variagdo menor que 2,1 mL-kg
L.min™ entre duas cargas consecutivas); d) razdo de troca respiratria (R) > 1,1; e) valor da

escala de Borg > 9.

2.7 Protocolo de Treinamento

A partir dos valores de FCrax € VOzmsx Obtidos no teste maximo e dos valores de VO,
de repouso e da FC de repouso, foram calculados os valores de 75% da FCR e do VO3R para
determinacdo da intensidade de exercicio para ambos os ergbmetros. Posteriormente, 0s
valores de VO, obtidos por meio da equacdo de %VO,R foram utilizados para calcular as
velocidades de corrida e a poténcia do cicloergbmetro por meio das equagdes do ACSM
(2013), expressas da seguinte forma: VO, corrida = (0,2 x V) + (0,9 x V x G) + 3,5; VO,
cicloergbmetro de membros inferiores = 1,8 (ritmo de trabalho) / massa corporal + 7, onde 3,5
representa o valor de 1 MET ou do VO, repouso em mLkg?min™, V é a velocidade em
m.min™® e G é o grau de inclinagdo da esteira (ACSM, 2013). A velocidade da esteira e a
cadéncia do cicloergmetro foram fixadas, respectivamente, em 5 kmh? e 60 rev:min®. A
partir disso, foram calculadas individualmente a velocidade da esteira (%) e a poténcia do
cicloergometro (Watts) para 75%VO;R. A duracdo das sessdes de treinamento foi calculada a
partir do dispéndio energético medido durante as sessdes de exercicio (kcal~sess§o'1). Logo, a

meta prevista para cada sessdo foi de 400 kcal. A ordem das atividades foi alternada.
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2.8 Tratamento dos Resultados

2.8.1 1° Experimento

Para cada individuo, uma regressdo linear por protocolo de teste maximo foi
determinada, a fim de se comparar a relacdo entre %FCR vs. %VO2R. Os valores obtidos em
repouso, durante exercicio submaximo e maximo foram utilizados como referéncia para

calculo do %FCR e %VO,R, de acordo com as seguintes equaces:
1) %FCR = (FCsybmax— FC repouso) / (FCpico — FC repouso) x 100
2) %VO2R = (VOzsubmax— VO3 repouso) / (VOzpico — VO, repouso) x 100

Nessas equagdes, FCpico refere-se a FC de maior valor atingido no teste; a FCsybmax
refere-se a FC obtida durante o teste, a cada 30 segundos; VOqpic, refere-se ao VO, maximo
atingido no teste; VOasupmax refere-se ao VO, obtido durante o teste, a cada 30 segundos. O
%VO2R foi utilizado como variavel independente.

Os valores médios (£DP) dos interceptos e inclinagdes foram determinados em cada
regressédo linear, bem como as correlacGes de Pearson entre as curvas. Adicionalmente, o teste
t-Student para amostras pareadas foi empregado para verificar se as curvas obtidas afastavam-
se da linha de identidade — em outras palavras, se 0s interceptos e inclinacdes das regressoes
foram significativamente diferentes de 0 e 1, respectivamente (CUNHA et al., 2010; SWAIN;
LEUTHOLTZ, 1997; SWAIN et al.,, 1998). Além disso, foram verificados os valores
percentuais de FCR correspondentes a 40, 50, 60, 70, 80 e 90 do VOR.

Uma possivel influéncia do modo de exercicio (ciclismo vs. corrida) sobre as relagdes
entre %FCR e %VO,R foi testada por ANOVA para medidas repetidas seguida do teste post
hoc de Tukey (P < 0,05). Os dados foram analisados com auxilio do software Statistica 10.0
(Statsoft ®, OK, EUA).

2.8.2 2° Experimento

Para a anélise dos resultados foram utilizados os valores médios absolutos de FCR e
VO,R e os respectivos valores relativos expressos pelo %FCR e %VO,R obtidos a cada 100
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kcal (ex.: 100, 200, 300 e 400 kcal). Possiveis diferencas foram testadas por ANOVA de
dupla entrada para medidas repetidas seguida do teste post hoc de Tukey (P < 0,05). Além
disso, os valores médios preditos foarm comparados aos valores médios reais obtidos de FCR
e VO;R por ANOVA para medidas repetidas seguida do teste post hoc de Tukey (P < 0,05).
As diferencas médias entre os tempos previsto e observado para atingir 400 kcal a 75%VO,R
foram investigadas utilizando teste t-Student para amostras pareadas. Enfim, a distribuicéo
dessas diferencas foi apresentada graficamente com as plotagens de Bland Altman. Os dados

serdo analisados com uso do software Statistica 10.0 (Statsoft ®, OK, USA).
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CAPITULO Il - ESTUDO ORIGINAL

RELATIONSHIP BETWEEN PERCENTAGES OF HEART RATE RESERVE
OXYGEN UPTAKE RESERVE DURING CYCLING AND RUNNING: A
VALIDATION STUDY*

ABSTRACT

The present study investigated the relationship between percentages of heart rate reserve
(%HRR) and oxygen uptake reserve (%VO2R) during a cardiopulmonary exercise test
(CPET) and discrete bouts of isocaloric cycling and treadmill running. Thirty men visited the
laboratory three times for anthropometrical and resting VO, assessments, and perform cycling
and running CPETSs. Ten men visited the laboratory twice more to investigate the validity of
the %HRR-%VO,R relationships during isocaloric bouts of cycling and running at 75%
VO,R with energy expenditures of 400 kcals. The %HRR was significantly higher than the
%VO;R during both CPETS at all exercise intensities (P < 0.001). During isocaloric exercise
bouts, mean %HRR-%VO,R differences of 6.5% and 7.0% were observed for cycling and
running, respectively (P = 0.007 to P < 0.001). The %HRR and %VOR increased over time
(P < 0.001), the rate of which was influenced by exercise modality (P < 0.001). On average,
heart rate was 5 (P = 0.007) and 8 (P < 0.001) beats-min™ higher than predicted from the
second energy expenditure quartile for cycling and running, respectively; however, observed
VO, was lower than predicted during all quartiles for cycling, and the first quartile for
running. Consequently, time to achieve the target energy expenditure was greater than
predicted (P < 0.01). In conclusion, the %HRR-%VO2R relationship observed during CPET
data did not accurately transpose to prolonged isocaloric bouts of cycling and running.
Additionally, work rates defined by the ACSM equations for cycling and running
overestimated VO, and energy expenditure.

Key Words: Cardiopulmonary exercise testing. Isocaloric exercise. Kilocalories. Training

intensity.

* Autores: Giovanna C. Guimaraes, Paulo T.V. Farinatti, Adrian W. Midgley, Fabricio V.A. Vasconcellos, Patricia
S. Vigario e Felipe A. da Cunha. Submetido ao Journal of Strength and Conditioning Research.
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3.1 INTRODUCTION

General recommendations for aerobic exercise prescription include manipulation of
training frequency, intensity, duration, and mode of activity according to the age, fitness level,
and clinical condition of the exercising individual (FLETCHER et al., 2013; GARBER et al.,
2011). Intensity is arguably the most important of these variables, due to its relative efficacy
in altering cardiorespiratory fitness when manipulated (WENGER; BELL, 1986). According
to the American College of Sports Medicine (ACSM), the current ‘gold standard” method for
prescribing aerobic exercise intensity is the application of the linear relationship between
percentages of heart rate reserve (HRR) and oxygen uptake reserve (VO2R) (ACSM, 2013;
GARBER et al., 2011). Specifically, exercise intensities between 40% and 85% HRR or
VO;R are recommended to promote health in adults (ACSM, 2013; GARBER et al., 2011).
From a practical perspective, the HRR can be used to monitor and adjust work rate to achieve
the target intensity, and the VO2R can be used to determine the duration of exercise required
to elicit a target energy expenditure. Accurate determination of energy expenditure associated
with exercise is particularly important when prescribing exercise to promote weight loss and
maintenance (DONNELLY et al., 2009). The VO2R also can be used in the ACSM metabolic
equations to derive the required work rate for cycling, running, and several other exercise
modalities (ACSM, 2013).

The ACSM recommendation for using %HRR and %VO2R is based on the assumption
that there is a 1:1 relationship between these two variables (SWAIN, 2000; SWAIN;
LEUTHOLTZ, 1997; SWAIN et al.,, 1998). Two important issues must be considered
concerning this hypothetical 1:1 ratio and the use of the ACSM metabolic equations,
however. First, the use of heart rate as an indicator of relative metabolic intensity is based on
validation studies that employed cardiopulmonary exercise tests (CPETS), characterized by
relatively short duration maximal incremental exercise (DA CUNHA, F. A. et al., 2011).
Whether the change in heart rate is a valid marker of change in relative metabolic intensity
during more prolonged constant work rate exercise is uncertain. A question therefore arises
regarding the extent to which results obtained by studies that described the hypothetical 1:1
relationship between the %HRR and %VO,R during CPET, extrapolate to training bouts
characterized by relatively long duration and constant work rate. Another unanswered
question is whether the work rates defined by the ACSM metabolic equations produce target

heart rate (%HRR), VO, (%VO;R) and energy expenditure values during isocaloric exercise
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bouts. It is possible that these equations underestimate or overestimate the metabolic demand
with important practical consequences for exercise prescription, especially within the context
of weight control programs or experimental research where exercise volume between different
bouts needs to be matched. Furthermore, exercise modality influences the magnitude of
cardiorespiratory responses at submaximal and maximal intensities (ABRANTES et al., 2012;
CUNHA et al., 2014; NASSIS; GELADAS, 2002), however, no study has investigated
directly the extent to which different exercise modalities affect the %HRR-%VO2R

relationship.

The main aim of the present study was to investigate the validity of the hypothetical
1:1 relationship between %HRR and %VO,R during CPET and prolonged constant work rate
exercise bouts using two exercise modalities (cycling and running). A second aim was to
investigate whether the work rates defined by the ACSM metabolic equations for cycling and
running reproduce the predicted heart rate, VO, and time to achieve the target energy
expenditure during the exercise bouts, when assuming a 1:1 relationship between %HRR and
%VO;R.

4 METHODS

4.1 Participants

A total of 30 apparently healthy men volunteered for the study [mean (range): age, 24
(18-34) yr; height, 181 (163-198) cm; body mass, 84 (59-116) kg; body mass index, 25 (20-
30) kgm™; percentage body fat, 18% (9%-27%); resting heart rate, 62 (44-84) beats-min;
and resting VO,, 542.2 (326.8-971.2) mL-min™*]. All subjects were involved in aerobic
activities for at least the previous 3 months, 2-5 times-wk™, and 20-60 min-bout™. The study
gained approval from the institutional ethics committee (reference 3082/2011) and subjects

provided informed consent prior to involvement in the study.

4.2 Procedures

Figure 2 shows a fluxogram of the first and second parts of the study. Panel A includes
procedures for investigating the hypothetical 1:1 relationship between %HRR and %VO;R
derived from cycling and running CPETSs. Panel B includes procedures for establishing the
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validity of the %HRR-%VO;R relationships throughout the isocaloric constant work rate
cycling and running bouts, and the accuracy of the ACSM metabolic equations for
determining work rates associated with absolute values of VO, and associated energy
expenditures. Resting and maximal VO, values obtained from 10 of the subjects included in
the first part of the study were used in the second part to calculate exercise intensity for the
constant work rate exercise bouts. All running tests were performed on the same motorized
treadmill (Inbramed™ Super ATL, Porto Alegre, RS, Brazil) and the cycling tests were
performed on the same cycle ergometer (Cateye EC-1600, Cateye ™, Tokio, Japan). Ambient
temperature and relative humidity throughout the study ranged from 19 to 22°C and 50 to
70%, respectively.

Figure 2: Experimental design overview. VO, = oxygen uptake; VO,R = oxygen uptake reserve.
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Resting VO, was determined in accordance with the recommendations of COMPHER
et al. (2006): abstention of physical exercise, alcohol, soft drinks and caffeine in the 24 h
preceding the assessment, fasting at least 8 h prior to the assessment, and minimum effort
when travelling to the laboratory. In the laboratory, subjects laid in a calm environment in a
supine position for an acclimation period of 10 min, after which the VO, was determined for
40 min. The mean VO, between minutes 35-40 was used to calculate the %VO;R, since this
time period has previously been shown to elicit a VO, steady-state and high test-retest
reliability (CUNHA; MIDGLEY; MONTEIRO; et al., 2013). The resting VO, was always
measured at the same time of the day, between 07:00-11:00 a.m.

The ramp-incremented maximal CPETs were performed as described elsewhere
(CUNHA et al., 2015; CUNHA et al., 2010). The work rate increments were individualized
to elicit each participant’s limit of tolerance in 8-12 min. The criteria for test termination
followed the recommendations of the ACSM (ACSM, 2013). The test was considered to have
elicited peak capacity when at least three of the following criteria were observed (HOWLEY
et al., 1995): a) maximum voluntary exhaustion defined by attaining a 10 on the Borg CR-10
scale; b) > 90% predicted maximal heart rate (HRnax) [220 — age] or presence of a heart rate
(HR) plateau (AHR between two consecutive work rates < 4 beats-min™); c) presence of a
VO, plateau (AVO, between two consecutive work rates < 2.1 mL-kg?min™); and d)

respiratory exchange ratio > 1.10.

Based on the HRyax and maximal oxygen uptake (VOzmax) Obtained in the running and
cycling CPET, and on the values of resting heart rate and resting VO,, the values
corresponding to 75% of the HRR and VO,R were calculated to determine the intensity of the
two constant work rate exercise bouts. The energy expenditure was calculated individually
from the net VO, which is the VO, induced by the exercise bout (i.e. net VO, = gross VO, —
resting VO,) (SWAIN, 2000). The net VO, values expressed in mL-kg-min™ were converted
to L-min™ and then to kcal-min™. The predicted time to achieve 400 kcal at 75% VO,R for
each exercise modality also was calculated. The cycling and running bouts were preceded by

a 5-min warm-up at 30 W and 65-75 revs-min*, and 5.5 km-h™ and 1% grade, respectively.

The absolute VO, values obtained from the %VO,R equation were used to calculate
the associated running speeds and cycling power outputs by applying the ACSM metabolic

equations: VO, running (mL-kg-min™) = 0.2 (speed m-min™) + 0.9 (speed m-min™) (grade
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%) + 3.5 (mL-kgmin™); and VO, cycling (mL-kgtmin?) = 3.5 mL-min*-kg? + 12.24 x
(power W) x (body weight kg™*) (ACSM, 2013). The grade of the treadmill was set at 1%, and
the speed converted to km-h™. Expired gases were collected during the exercise bouts via the
metabolic cart. Based on the values obtained for VO, and associated energy expenditure
determined throughout the exercise bout, the subjects were encouraged to perform an
additional amount of exercise beyond the time predicted to expend 400 kcal, until they
reached an observed energy expenditure of 400 kcal. Since the exercise bouts were designed
to be isocaloric, the total duration of the bouts was expected to vary between subjects with
different fitness levels. In order to allow comparisons of the cardiorespiratory responses
across time within exercise bouts, data for the whole exercise bout were split into energy
expenditure quartiles (i.e. 100, 200, 300, and 400 kcal).

Pulmonary gas exchanges were determined using a V02000 analyzer (Medical
GraphicsTM, Saint Louis, MO, USA) and a silicone face mask (Hans Rudolph™, Kansas,
MO, USA). The gas exchange variables were 30-s stationary time-averaged, which provided a
good compromise between removing noise in the data while maintaining the underlying trend
(MIDGLEY; MCNAUGHTON; CARROLL, 2007). Prior to testing, the gas analyzers were
calibrated according to the manufacturer’s instructions, using a certified standard mixture of
oxygen (17.01%) and carbon dioxide (5.00%), balanced with nitrogen (AGA®, Rio de
Janeiro, RJ, Brazil). The flows and volumes of the pneumotacograph were calibrated with a
syringe graduated for a 3 L capacity (Hans RudolphTM, Kansas, MO, USA). Heart rate was
measured continuously using a cardiotachometer (RS800cx, Polar™, Kempele, Finland) and

beat-by-beat data were 30-s stationary time-averaged.

4.3 Statistical Analyses

Al statistical analyses were performed using Statistica 10 software (StatSoft™, Tulsa,
OK, USA). Sample data are described using the mean £ SD. Statistical significance was
accepted as P < 0.05. In the first part of the study, a linear regression model was determined
for each participant in order to compare the relationships between %HRR vs. %VO,R. The
heart rate and VO, values obtained at rest and during the CPETs were used as references to
calculate %HRR and %VO,R according to the following equations: 1) %HRR = (HRsybmax —
HR at rest) / (HRmax— HR at rest) x 100; and 2) %VO2R = (VOazsubmax — VO3 at rest) / (VOzmax
— VO, at rest) x 100. In these equations, HRyax refers to the maximal heart rate reached in the
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CPET; the HRspmax refers to the heart rate obtained throughout the CPET at 30-s intervals;
VO,max refers to the maximal VO, reached in the CPET; VOasubmax refers to the VO, obtained
throughout the test at 30-s intervals. The %VO,R was used as an independent variable in the
regression model and the predicted percentages of HRR associated with 40, 50, 60, 70, 80 and
90% of the VO3R were determined. The mean + SD intercepts and slopes were determined for
each linear regression model and Pearson correlation for each relationship was calculated. The
Student t-test for paired samples was also used to test whether the intercepts and slopes of the
regression models were significantly different from 0 and 1, respectively (CUNHA et al.,
2010; SWAIN; LEUTHOLTZ, 1997; SWAIN et al., 1998), and to test possible differences
between the regression lines, as described in detail elsewhere (TOTH, 2001). In addition, a
two-way ANOVA for repeated measures with exercise modality and intensity as factors was
used for between and within group comparisons. The Tukey post hoc test was applied to

determine pairwise differences when significant F ratios were obtained.

In the second part of the study, the differences between the predicted and observed
heart rate and VO, were analyzed using a two-way ANOVA for repeated measures. Where
effects for exercise modality and time were statistically significant, Tukey post hoc pairwise
comparisons were performed. Mean differences between the predicted and observed times to
achieve 400 kcal at 75% VO,R were investigated using one-sample t tests, using the
difference scores and a test value of zero. The distribution of these differences was
graphically displayed using Bland-Altman plots, which include the associated 95% limits of

agreement.

5 RESULTS

Table 5 shows the mean + SD values for cardiorespiratory variables and time to
exhaustion obtained in the CPET. Mean HRpax and VOumax Were significantly higher during
treadmill running compared to cycling, whereas maximal values for minute ventilation
(second part of study only) and respiratory exchange ratio were significantly higher during

cycling. Mean time to exhaustion was similar between exercise modalities.
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Table 5: Mean + SD maximal physiological responses and time to exhaustion for the running and cycling cardiopulmonary exercise tests. During the tests, all
subjects satisfied at least three of the four VO, test criteria stipulated in the ‘Procedures’ section

1% part of the study 2™ part of the study

Variable

Cycling Running P value Cycling Running P value
Maximal heart rate (beats-min™) 183+ 10 194 +8 <0.001 184+7 192 +£5 <0.001
Maximal oxygen uptake (mL-'min™) 3335 + 692 4068 £+ 835 <0.001 3439824 3979+ 845 <0.001
Maximal minute ventilation (L-min'™) 101.0£21.2 956+114 NS 1049+ 1020+16.7 0.011

158

Maximal respiratory exchange ratio 1.13+£0.05 1.07+£0.04 <0.001 1.15+0.05 1.07+0.04 <0.001
Time to exhaustion (min) 103+1.7 10.7+1.7 NS 99+14 105+1.9 NS

NS = non-significant.



51

5.1 Relationship between %0HRR and %VO;R

The mean + SD intercepts and slopes for the individual linear regression models,
derived from cycling and running CPETS, are shown in Table 2. Significant mean differences
were observed between intercepts (t = -6.59; P < 0.001) and slopes (t = -6.10; P < 0.001)
obtained for %HRR vs. %VO2R relationships. Moreover, mean intercepts and slopes in both
exercise modalities were significantly different from 0 (P < 0.001) and 1 (P < 0.001),

respectively (see Table 6).

Table 6: Mean + SD values for the Y intercept, slope, coefficient of determination (r?) and standard
error of estimate (SEE) from individual linear regression models representing the relationships
between heart rate reserve and oxygen uptake reserve obtained in the cycling and running
cardiopulmonary exercise tests.

Exercise
Y intercept Slope r? SEE (+)
Modality
Cycling 0.079 £0.054* 0.931£0.062* 0.965+0.018 4.5%
Running 0.217 £0.097* 0.799 £0.106* 0.947 £0.027 3.4%

*Intercept significantly different from zero (P < 0.001); *Slope significantly different from one (P < 0.001).

Table 7 shows the values of %VO,R corresponding to deciles of %HRR during the
cycling and running CPETS. There were significant main effects for exercise modality (F =
75.64; P < 0.001) and intensity (F = 9706.80; P < 0.001), and a modality x intensity
interaction (F = 51.33; P < 0.001). The mean %VO,R was significantly lower than that
predicted by the 1:1 relationship up to 60% HRR for cycling (P < 0.001) and throughout the
whole range of observed work rates for running (P < 0.001). At all exercise intensities the
%VO,R was significantly higher in cycling compared to running (P < 0.001) and the %HRR

was closer to the %VOR during cycling compared to running.

Table 7: Mean £ SD percentages of oxygen uptake reserve (%VOZ2R) associated with different
percentages of heart rate reserve (%HRR) determined during the cycling and running cardiopulmonary
exercise tests (CPETS).

%HRR 40% 50% 60% 70% 80% 90%

%VO,R Cycling 34 +4%* 45+ 4%* 56 £ 3%* 67 +3% 77 +3% 88 + 3%

%VO,R Running 22 £9%*f 35+ 8%*t 47 £6%*t 60 x5%*t 73 +x4%*t 86 +3%*

*Significant mean difference between the %HRR and %VO,R (P < 0.001). f Significant mean difference for
%VO,R in cycling compared to running CPETSs (P < 0.001).
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Figure 3 shows the relationships between the %HRR and %VO3R at 100 kcal intervals
during the 400 kcal continuous exercise bouts at 75% VO,R. A 1:1 relationship between the
%HRR and %VO,R was not observed for either exercise modality, with an average difference
of 6.5% and 7.0% between the two variables for cycling and running bouts, respectively (P =
0.007 to P < 0.001). Furthermore, the %HRR and %VO.R increased significantly over time
(F =2104.0, P <0.001), the rate of which was influenced by exercise modality (F = 2659.0, P
< 0.001).

Figure 3: Mean £ SD percentage of heart rate reserve (%HRR) and oxygen uptake reserve (%VO,R) at
100 kcal intervals during the 400 kcal continuous cycling and running bouts at 75% VO3R.
*Significantly different from the value assessed at 100 kcals (P < 0.01).
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Source: Authorship of the author.

5.2 Predicted and observed values during submaximal exercise bouts

Table 4 shows the mean + SD predicted and observed heart rate and VO, for cycling
and running bouts. There were significant differences between the predicted and observed
heart rates (F = 82.4, P < 0.001) and VO, (F = 35.5, P < 0.001). The heart rate was
significantly higher than predicted from the second energy expenditure quartile (cycling:
mean difference = 5 beats-min™, P < 0.001; running: mean difference = 8 beats-min™, P <
0.001), with the difference progressively increasing until reaching a maximum in the fourth

quartile (cycling: mean difference = 12 beats-min™*, P < 0.001; running: mean difference = 18
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beats-min™, P < 0.001). In contrast, observed VO, was lower than predicted during all energy
expenditure quartiles for cycling, with the largest differences in the first quartile (mean
difference = 359 mL-min™; P < 0.001) and progressively decreasing until the fourth quartile
(mean difference = 211 mL-min™!; P = 0.005). Unlike cycling, observed VO, during running
was lower than predicted only in the first quartile (mean difference = 234 mL-min™; P =
0.001).
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Table 8: Mean + SD predicted and observed heart rate reserve (HRR) and oxygen uptake reserve (VO,R) for the 400 kcal isocaloric exercise bouts performed
at 75% VO,R. Observed values are given for each energy expenditure quartile.

HRR (beats-min™) VO,R (mL-min™)
Exercise modality Work Rate
Predicted 1° 2" 3" 4" Predicted 1° 2" 3" 4"
Cycling (W) 257 £55 153+7 152+6 158+5* 161+£5* 165+x6* 2833+607 2474+608* 2508+ 638* 2561 +583* 2622+ 593*

Running (km-hY) 11318 16445 16247 172+6* 178+7* 182+8* 3084 +618 2850+ 640* 2978+595 3071+625 3140+ 641

* Significantly different from predicted (P = 0.005 to P < 0.001).
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Figure 4 shows the distribution of the differences between the predicted and observed
times to achieve energy expenditure of 400 kcal at 75% VO2R during cycling and running
bouts. The time to achieve the target energy expenditure in each condition was significantly
greater than predicted (F = 356.2, P < 0.001), with the greatest differences observed for

cycling compared to running.

Figure 4: Bland-Altman plots showing individual differences between the predicted and observed
times to achieve energy expenditures of 400 kcals at 75% VO,R during cycling and running. The first
and third horizontal dashed lines in each graph represent the 95% limits of agreement.
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6 DISCUSSION

The present study adds to current knowledge by investigating the %HRR-%VO,R
relationships during CPETSs and isocaloric bouts of constant work rate exercise with energy
expenditures of 400 kcals and using two different exercise modalities (cycling and running).
The main finding was that the hypothetical 1:1 relationship between the %HRR and %VO;R
was not observed in either the CPET or constant work rate exercise for either exercise
modality. Moreover, the ACSM equations for cycling and running overestimated the observed
energy expenditure and, therefore, underestimated the time to achieved 400 kcals during
exercise at 75% VO,R. Due to the association between energy expenditure and VO, similar
errors were evident for VO,, especially for the exercise modality involving a lower muscle
mass (i.e. cycling). However, the ACSM metabolic equations for cycling and running

predicted heart rate during the exercise bouts with a relatively high degree of accuracy during
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the first energy expenditure quartile, but subsequently observed heart rates were

underestimated.

CUNHA et al. (2010) questioned the hypothetical 1:1 relationship between %HRR and
%VO,R during running CPET. The %VO,;R was underestimated in relation to %HRR,
whereas differences between the %HRR and %VO,R were inversely proportional to exercise
intensity. In other words, the difference between %HRR and %VO,R decreased when the
exercise intensity was near to maximal, at least within the context of maximal incremental
exercise testing. The findings of the present study concur with those of CUNHA et al. (2010),
since the %HRR was significantly higher than the %VO2R until 60% HRR for cycling (P <
0.001) and throughout the whole range of intensities for running (P < 0.001) (see Table 3). In
any case, it is notable that %HRR was closer to %VO2R during cycling [mean £ SD intercept
and slope: 0.08 = 0.05 and 0.93 + 0.06, respectively] than during running [mean + SD
intercept and slope: 0.22 + 0.10 and 0.80 £ 0.11, respectively] CPET (see Table 2).
Interestingly, the effect of exercise modality on the slope of the %HRR-%VO,R relationship
also has been observed by SWAIN; LEUTHOLTZ (1997) and SWAIN et al. (1998). The
%HRR versus %VO;R relationship during cycling CPET was indistinguishable from the line
of identity [mean + SD intercept and slope: -0.1 £ 0.6 and 1.00 + 0.01, respectively] (SWAIN;
LEUTHOLTZ, 1997), whereas in running it was slightly different from the line of identity
[mean £ SD intercept and slope: 1.5 £ 0.6 and 1.03 + 0.01, respectively] (SWAIN et al.,
1998). Comparison between results of the aforementioned studies should be viewed with

caution, however, given the different exercise protocols and populations employed.

CUNHA et al. (2014) investigated whether there was a 1:1 relationship between the
%HRR and %VO,R at an exercise intensity corresponding to the gas exchange threshold in
16 apparently healthy men during cycling, walking, and running CPETs. The authors
observed that mean values of %VO,R at the gas exchange threshold were 7% and 11% lower
than the corresponding %HRR for the cycling and running exercise modalities, respectively.
The present findings concur with the hypothesis that the %HRR-%VO,R relationship is
influenced by the exercise modality used during the CPET, since the average difference
between the %HRR and %VO,R was greater during running than cycling CPET (see Figure
2). Exercise modality did not affect the average difference between the %HRR and %VO2R
during the 400 kcal exercise bouts at 75% VO2R (cycling: 6.5%; running: 7%; see Figure 2),
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however, the greatest increases in heart rate (%0HRR) and VO, (%VO,R) over time were

observed during running compared to cycling (see Table 4 and Figure 2).

NASSIS; GELADAS (2002) compared the physiological strain during prolonged
submaximal cycling and running for 90 min at 60% VO,max I @ thermoneutral environment
(23.8 £ 0.3°C) in the same group of 11 healthy males [mean = SD: (cycling and running
VOomax: 48.5 + 1.8 and 52.1 + 2.2 mL-kg™-min, respectively)]. The authors observed a main
effect for exercise modality, where VVO,, heart rate, cardiac output, stroke volume, and rectal
temperature were significantly greater during running compared to cycling (P < 0.01). The
cardiac output declined only during cycling, however, presumably because of the greater drop
in stroke volume, despite a higher degree of whole body dehydration and hyperthermia
observed in running. This in turn may explain the plateau in VO, throughout the cycling bout
compared to the progressive increase in VO, until minute 43 in the running bout (NASSIS;
GELADAS, 2002). In others words, these findings suggest that active muscle mass played a
role in the cardiovascular responses, which reinforce the notion that the relationships between
%HRR and %VO,R observed during CPETSs are not valid in the context of aerobic training
programs. In this sense, it is known that the increase in VO, during prolonged exercise with
constant work rate due to the slow component of VO, kinetics has been related to integrated
mechanisms of kinetic control, including the activation of additional muscle groups, greater
respiratory muscle activity, recruitment of type Il muscle fibers, increases in muscle
temperature, and higher blood lactate levels, among others (ROSSITER, 2011). The
progressive increase in VO, has been shown to be concomitant to a decrease in stroke volume
and a compensatory increase in heart rate, with little variation in the cardiac output
(ROWELL, 1974). Parallel to this is that the increase in body temperature and decreased
hydration level may contribute to a decline in filling pressure and end-diastolic volume,
promoting increased heart rate (FRITZSCHE et al., 1999) and a further dissociation between
%HRR and %VO;R.

To the best of our knowledge, the present study is the first to investigate the extent to
which the ACSM metabolic equations for cycling and running reproduces the prescribed heart
rate (%HRR), VO, (%VO,R), and time to achieve a target energy expenditure during
isocaloric exercise bouts. Our findings raise doubts about the appropriateness of prescribing
isocaloric exercise bouts based on a 1:1 ratio between the %HRR and %VO;R, since the

predicted VO, was significantly overestimated throughout the submaximal exercise protocols



58

(see Table 4 and Figure 2). In practical terms, the subjects had to perform additional exercise
in relation to the predicted time to reach the target energy expenditure of 400 kcal for the two
exercise modalities (see Figure 3). On the other hand, the predicted and observed heart rate
values were quite similar across the two exercise modalities during the first energy
expenditure quartile, after which the predicted heart rate was underestimated, especially for
running (see Table 4 and Figure 2). In practical terms, prescribing exercise intensity based
upon the VO, and then estimating the relative heart rate assuming a 1:1 relationship, would
probably overestimate energy expenditure, especially for high intensity and long duration
exercise bouts. This is important for exercise prescription, since previous studies using
healthy adults (GORMLEY et al., 2008), heart failure patients (WISLOFF et al., 2007), and
obese adults (SCHJERVE et al., 2008) have monitored heart rate to adjust the work rate
corresponding to the preferred exercise intensity and ensure the training bouts were isocaloric.
In other words, using heart rate to ensure the intended training volume is being performed is

not valid.

7 CONCLUSIONS

The hypothetical 1:1 relationship between %HRR and %VO,R could not be
reproduced, since the %VO,R was underestimated by %HRR. Concurrently, the relationships
between the %HRR and %VO,R from maximal incremental exercise testing may not
accurately transpose to prolonged constant work rate exercise, regardless of exercise
modality. Moreover, the present findings warrant further investigation with regards to the
applicability of the ACSM metabolic equations to calculate the target work rate based on the
VO, obtained by calculating the target %VO3R, since the cycling and running equations
overestimated the predicted energy expenditure resulting in an underestimation of the
observed time to achieve 400 kcals. This information is of paramount importance for exercise
prescription to determine the predicted time to achieve a given energy expenditure during
isocaloric exercise bouts (min-bout™), as well the work rate (miles-h™ or km-h™ and watts)
and target heart rate (beats-min™). Further research is required to establish the accuracy of the
ACSM metabolic equations for different exercise intensities and volumes, and populations

with different levels of cardiorespiratory fitness and clinical conditions.
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CONSIDERACOES FINAIS

Considerando os resultados obtidos pelo estudo que compds a presente dissertagéo de

mestrado, pode-se concluir que:

A premissa existente de uma hipotética relacdo de 1:1 entre os %FCR e %VO;R, ndo
foi sustentada tanto no TCPE quanto na sessdo subméaxima de exercicio com carga constante
em ambas as modalidades de exercicio (ex.: ciclismo e corrida), uma vez que 0 %VO;R foi
significativamente menor do que 0 %FCR. No contexto das sessdes submaximas de exercicio,
por exemplo, a dissociacdo entre 0s %FCR e %VO;R foi influenciada pelo tempo de duracéo
e modo do exercicio. Em outras palavras, isso significa dizer que tais relagdes obtidas por
meio de analises de regressédo linear a partir de teste méximo de exercicio ndo sdo validas para
rotinas de prescri¢do de exercicios com diferentes modos de exercicio e tempos de duracéo.
Outro problema reside na determinacdo da carga de trabalho. As equacBes de ciclismo e
corrida do ACSM reproduziram o valor predito de FCR, mas ndo o valor predito de VO3R e,
por conseguinte, o dispéndio energético alvo para as sessfes isocaldricas de exercicio a
75%VO,R. Logo, o tempo para se atingir 400 kcal no ciclismo e na corrida foi subestimado.

Esses resultados ratificam os questionamentos realizados no capitulo de revisao da literatura.
Para o desenvolvimento de novos estudos, sugere-se que:

a)  Arelagéo de linearidade entre 0s %FCR e %VO2R seja investigada em protocolos
subméaximos com cargas de trabalho fixas e/ou variadas (tipo intervalado) em
funcéo diferentes tempos de duracao, comparando o dispéndio energetico estimado
pelas equagdes metabolicas com os dados diretamente medidos em diferentes
populagdes;

b)  Sejam analisadas em que extensdo as velocidades de caminhada/corrida e poténcia
de pedalagem obtidas pelos modelos do ACSM reproduzem o VO, que serviu de
base para prescri¢cdo em diferentes intensidades;

c)  Sejainvestigada a influéncia do nivel de aptiddo cardiorrespiratdria sobre tais
relacionamentos e os possiveis ajustes fisioldgicos ao longo das sessdes de

exercicio.
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ANEXOS

ANEXO | - Anamnese

Nome: Data de Nascimento: / /

Questionario de Prontiddo para Atividade Fisica (PAR-0Q)-Q)

O bom senso é seu melhor guia ao responder estas questdes. Queira ler as
questdes com extremo cuidado e responder cada uma delas com honestidade: checar
SIM ou NAO.

. Algum médico ja disse que vocé possui algum problema de coracao e que s6 deveria realizar
atividade fisica supervisionada por profissionais de satde?
NAO ( ) SIM  ( ) — Descreva:

. Vocé sente dores no peito quando pratica atividade fisica?
NAO ( ) SIM ) — Descreva:

No Ultimo més vocé sentiu dores no peito quando praticava atividade fisica?
NAO ( ) SIM  ( ) — Descreva:

. Vocé apresenta desequilibrio devido a tontura e/ou perda da consciéncia?

NAO ( ) SIM ) Descreva:

. Vocé possui algum problema dsseo ou articular que poderia ser piorado pela atividade fisica?
NAO ( ) SIM ) — Descreva:

. Vocé toma atualmente algum medicamento para pressdo arterial e/ou problema de coragdo?
NAO ( ) SIM  ( ) — Descreva:

. Vocé esta a par de alguma outra razdo pela qual ndo deveria realizar uma atividade fisica?
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NAO ( ) SIM ) — Descreva:

Histérico de Atividade Fisica:

Vocé pratica alguma atividade fisica? SIM( ) NAO( )
Caso a resposta seja SIM:

Tempo (meses)

Frequéncia Semanal

Duraco (min.sessdo™)

Li, compreendi e completei este questionario. Todas as duvidas que eu tinha foram

respondidas de uma maneira plenamente satisfatoria.

Assinatura:

Testemunha:




70

ANEXO 11 - Termo de Informacéao e Consentimento

Vocé esta sendo convidado a participar de uma pesquisa, cujo principal objetivo reside em
investigar a acurécia das relacfes entre os percentuais de frequéncia cardiaca de reserva e
consumo de oxigénio de reserva durante sessdes isocaldricas de exercicio aerobio. Para tanto,
serdo necessarias um total de 3 a 5 visitas. A seguir, sdo explicados, todos os procedimentos
envolvidos no estudo. E muito importante que vocé entenda tudo o que esta escrito. Leia
atentamente o texto e, mediante qualquer davida, ndo hesite em questionar-nos.

12 Visita: Destinada a avaliacdo da composicao corporal, medidas em repouso da frequéncia
cardiaca (FC) e consumo de oxigénio (VO,), consistindo em uma duracdo de 50 min.
Previamente a realizacdo dos testes, as seguintes instrucbes padronizadas serdo fornecidas aos
individuos: a) ndo praticarem qualquer tipo de atividade fisica no dia anterior a medida; b)
ndo consumirem bebidas alcoodlicas, coladas ou com cafeina nas 24 horas precedentes ao
teste; ¢) jejum de pelo menos 6h; d) durante a ida ao laboratdrio, realizar o minimo de esforco.

2% e 32 Visitas: Destinadas a medida da aptiddo cardiorrespiratoria por meio de teste
cardiopulmonar de exercicio maximo em esteira rolante e cicloergdmetro. Cada visita levara
1h de duracdo, sendo espacadas por 72h. Previamente a realizacdo dos testes, 0s sujeitos serdo
orientados a: a) ndo praticarem qualquer tipo de esforco fisico no dia anterior (24h); b) nédo
consumirem bebidas alcodlicas, coladas ou com cafeina nas 8 horas precedentes ao teste; ¢)
ndo ingerir alimentos 3h antes do teste.

4% e 52 Visitas: Serdo destinadas aos protocolos subméaximos de treinamento em esteira
rolante e cicloergdbmetro. Os protocolos sdo caracterizados por sessdes continuas de
treinamento, consistindo em aproximadamente 1h de duragdo. As visitas seréo espagadas por
24 & 48h. Previamente a realizagdo dos testes, 0s sujeitos serdo orientados a: a) ndo praticarem
qualquer tipo de esforgo fisico no dia anterior (24h); b) ndo consumirem bebidas alcodlicas,
coladas ou com cafeina nas 8 horas precedentes ao teste; ¢) ndo ingerir alimentos 3h antes do
teste.

Observagoes finais

1 - Durante o periodo destinado a coleta de dados, ndo serd permitido aos voluntarios realizar
exercicios além dos requisitados nos experimentos. Além disso, diariamente antes de iniciar a
tomada de dados, os individuos deverdo informar aos avaliadores qualquer modificagdo
ocorrida em sua rotina de atividades, bem como qualquer sintoma de dor ou incomodo
evidenciado.
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2 - Os dados obtidos nesta investigacdo serdo confidenciais, ndo sendo comunicados a outras
pessoas sem a sua permissdo, a ndo ser para fins académicos, incluindo a publicagéo de
trabalhos cientificos, onde sera preservado o seu anonimato.

3 - Em estudos dessa natureza podem ocorrer dores ou desconfortos. Caso acontecam
quaisquer problemas durante a coleta de dados, vocé receberd toda assisténcia, inclusive
médica, caso necessario.

4 - Todos os voluntérios terdo acesso aos dados de sua participacdo na pesquisa.

5 - Lembre-se que sua participacdo é voluntéria e a qualquer momento, antes ou durante sua
realizacdo, se assim o desejar, vocé podera desistir sem qualquer dnus a sua pessoa.

6 - Estando ciente do conteddo dessa forma e aceitando as condi¢bGes de sua realizacao,
solicitamos que assine esse termo de consentimento.

Rio de Janeiro , de de

Voluntario

Avaliador
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Abstract

The present study investigated the relationship between percentages of heart rate reserve (%HRR) and
oxygen uptake reserve (%VO2R) during a cardiopulmonary exercise test (CPET) and discrete bouts of
isocaloric cycling and treadmill running. Thirty men visited the laboratory three times for
anthropometrical and resting VO assessments, and perform cycling and running CPETs. Ten men visited
the laboratory twice more to investigate the validity of the %HRR-%VO:R relationships during isocaloric
bouts of cycling and running at 75% VO:zR with energy expenditures of 400 kcals. The %HRR was
significantly higher than the %VO:R during both CPETs at all exercise intensities (P < 0.001). During
isocaloric exercise bouts, mean %HRR-%VO;R differences of 6.5% and 7.0% were observed for cycling
and running, respectively (P = 0.007 to P < 0.001). The %HRR and %VO:R increased over time (P <
0.001), the rate of which was influenced by exercise modality (P < 0.001). On average, heart rate was 5
(P =0.007) and 8 (P < 0.001) beats-min™ higher than predicted from the second energy expenditure
quartile for cycling and running, respectively; however, observed VO, was lower than predicted during all
quartiles for cycling, and the first quartile for running. Consequently, time to achieve the target energy
expenditure was greater than predicted (P < 0.01). In conclusion, the %HRR-%VO:R relationship
observed during CPET data did not accurately transpose to prolonged isocaloric bouts of cycling and
running. Additionally, work rates defined by the ACSM equations for cycling and running overestimated

VO;and energy expenditure.

Key Words: cardiopulmonary exercise testing, isocaloric exercise, kilocalories, training intensity.
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INTRODUCTION

General recommendations for aerobic exercise prescription include manipulation of training frequency,
intensity, duration, and mode of activity according to the age, fitness level, and clinical condition of the
exercising individual (10, 12). Intensity is arguably the most important of these variables, due to its
relative efficacy in altering cardiorespiratory fitness when manipulated (24). According to the American
College of Sports Medicine (ACSM), the current ‘gold standard” method for prescribing aerobic exercise
intensity is the application of the linear relationship between percentages of heart rate reserve (HRR) and
oxygen uptake reserve (VO:R) (2, 12). Specifically, exercise intensities between 40% and 85% HRR or
VO;R are recommended to promote health in adults (2, 12). From a practical perspective, the HRR can be
used to monitor and adjust work rate to achieve the target intensity, and the VO;R can be used to
determine the duration of exercise required to elicit a target energy expenditure. Accurate determination
of energy expenditure associated with exercise is particularly important when prescribing exercise to
promote weight loss and maintenance (9). The VO2R also can be used in the ACSM metabolic equations

to derive the required work rate for cycling, running, and several other exercise modalities (2).

The ACSM recommendation for using %HRR and %VO;R is based on the assumption that there is a 1:1
relationship between these two variables (20-22). Two important issues must be considered concerning
this hypothetical 1:1 ratio and the use of the ACSM metabolic equations, however. First, the use of heart
rate as an indicator of relative metabolic intensity is based on validation studies that employed
cardiopulmonary exercise tests (CPETSs), characterized by relatively short duration maximal incremental
exercise (8). Whether the change in heart rate is a valid marker of change in relative metabolic intensity
during more prolonged constant work rate exercise is uncertain. A question therefore arises regarding the
extent to which results obtained by studies that described the hypothetical 1:1 relationship between the
%HRR and %VO:R during CPET, extrapolate to training bouts characterized by relatively long duration
and constant work rate. Another unanswered question is whether the work rates defined by the ACSM
metabolic equations produce target heart rate (%HRR), VO2 (%VO3R) and energy expenditure values
during isocaloric exercise bouts. It is possible that these equations underestimate or overestimate the
metabolic demand with important practical consequences for exercise prescription, especially within the
context of weight control programs or experimental research where exercise volume between different

bouts needs to be matched. Furthermore, exercise modality influences the magnitude of cardiorespiratory
3
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responses at submaximal and maximal intensities (1, 7, 16), however, no study has investigated directly

the extent to which different exercise modalities affect the % HRR-%VO3R relationship.

The main aim of the present study was to investigate the validity of the hypothetical 1:1 relationship
between %HRR and %VO:R during CPET and prolonged constant work rate exercise bouts using two
exercise modalities (cycling and running). A second aim was to investigate whether the work rates
defined by the ACSM metabolic equations for cycling and running reproduce the predicted heart rate,
VO; and time to achieve the target energy expenditure during the exercise bouts, when assuming a 1:1

relationship between %HRR and %VO:R.

METHODS

Experimental Approach to the Problem

Figure 1 shows a fluxogram of the first and second parts of the study. Panel A includes procedures for
investigating the hypothetical 1:1 relationship between %HRR and %VO:R derived from cycling and
running CPETs. Panel B includes procedures for establishing the validity of the %HRR-%VO.R
relationships throughout the isocaloric constant work rate cycling and running bouts, and the accuracy of
the ACSM metabolic equations for determining work rates associated with absolute values of VO, and
associated energy expenditures. Resting and maximal VO, values obtained from 10 of the subjects
included in the first part of the study were used in the second part to calculate exercise intensity for the

constant work rate exercise bouts.

All running tests were performed on the same motorized treadmill (Inbramed™ Super ATL, Porto Alegre,
RS, Brazil) and the cycling tests were performed on the same cycle ergometer (Cateye EC-1600,
Cateye™, Tokio, Japan). Ambient temperature and relative humidity throughout the study ranged from 19

to 22°C and 50 to 70%, respectively.

INSERT FIGURE

Subjects
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A total of 30 apparently healthy men volunteered for the study [mean (range): age, 24 (18-34) yr; height,
181 (163-198) cm; body mass, 84 (59-116) kg; body mass index, 25 (20-30) kg'm; percentage body fat,
18% (9%-27%); resting heart rate, 62 (44-84) beats-min'; and resting VO,, 542.2 (326.8-971.2) mL-min
']. All subjects were involved in aerobic activities for at least the previous 3 months, 2-5 times-wk', and
20-60 min-bout!. The study gained approval from the institutional ethics committee (reference

3082/2011) and subjects provided informed consent prior to involvement in the study.

Procedures

Resting VO, was determined in accordance with the recommendations of Compher et al. (3): abstention
of physical exercise, alcohol, soft drinks and caffeine in the 24 h preceding the assessment, fasting at least
8 h prior to the assessment, and minimum effort when travelling to the laboratory. In the laboratory,
subjects laid in a calm environment in a supine position for an acclimation period of 10 min, after which
the VO, was determined for 40 min. The mean VO, between minutes 35-40 was used to calculate the
%VOzR, since this time period has previously been shown to elicit a VO steady-state and high test-retest
reliability (5). The resting VO, was always measured at the same time of the day, between 07:00-11:00

a.m.

The ramp-incremented maximal CPETs were performed as described elsewhere (4, 6). The work rate
increments were individualized to elicit each participant’s limit of tolerance in 8-12 min. The criteria for
test termination followed the recommendations of the ACSM (2). The test was considered to have elicited
peak capacity when at least three of the following criteria were observed (14): a) maximum voluntary
exhaustion defined by attaining a 10 on the Borg CR-10 scale; b) > 90% predicted maximal heart rate
(HRuax) [220 — age] or presence of a heart rate (HR) plateau (AHR between two consecutive work rates <
4 beats-min™'); c) presence of a VO, plateau (AVO; between two consecutive work rates < 2.1 mL-kg"

.min"); and d) respiratory exchange ratio > 1.10.

Based on the HRuux and maximal oxygen uptake (VOzmax) obtained in the running and cycling CPET, and
on the values of resting heart rate and resting VO, the values corresponding to 75% of the HRR and
VO:R were calculated to determine the intensity of the two constant work rate exercise bouts. The energy

expenditure was calculated individually from the net VO, which is the VO induced by the exercise bout

5
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(i.e. net VOz = gross VO, — resting VO3) (20). The net VO, values expressed in mL-kg-min'! were
converted to L-min? and then to kcal-min™. The predicted time to achieve 400 kcal at 75% VOR for
each exercise modality also was calculated. The cycling and running bouts were preceded by a 5-min

warm-up at 30 W and 65-75 revs-min™', and 5.5 km-h! and 1% grade, respectively.

The absolute VO values obtained from the %VO:R equation were used to calculate the associated
running speeds and cycling power outputs by applying the ACSM metabolic equations: VO, running
(mL-kg'-min?) = 0.2 (speed m-min?!) + 0.9 (speed m-min!) (grade %) + 3.5 (mL-kg'-min!); and VO,
cycling (mL-kg'-min) = 3.5 mL-min"-kg' + 12.24 x (power W) x (body weight kg') (2). The grade of
the treadmill was set at 1%, and the speed converted to km-h'. Expired gases were collected during the
exercise bouts via the metabolic cart. Based on the values obtained for VO, and associated energy
expenditure determined throughout the exercise bout, the subjects were encouraged to perform an
additional amount of exercise beyond the time predicted to expend 400 kcal, until they reached an
observed energy expenditure of 400 kcal. Since the exercise bouts were designed to be isocaloric, the
total duration of the bouts was expected to vary between subjects with different fitness levels. In order to
allow comparisons of the cardiorespiratory responses across time within exercise bouts, data for the

whole exercise bout were split into energy expenditure quartiles (i.e. 100, 200, 300, and 400 kcal).

Pulmonary gas exchanges were determined using a VO2000 analyzer (Medical GraphicsTM, Saint Louis,
MO, USA) and a silicone face mask (Hans Rudolph™, Kansas, MO, USA). The gas exchange variables
were 30-s stationary time-averaged, which provided a good compromise between removing noise in the
data while maintaining the underlying trend (15). Prior to testing, the gas analyzers were calibrated
according to the manufacturer’s instructions, using a certified standard mixture of oxygen (17.01%) and
carbon dioxide (5.00%), balanced with nitrogen (AGA®, Rio de Janeiro, R], Brazil). The flows and
volumes of the pneumotacograph were calibrated with a syringe graduated for a 3 L capacity (Hans
RudolphTM, Kansas, MO, USA). Heart rate was measured continuously using a cardiotachometer

(RS800cx, Polar™, Kempele, Finland) and beat-by-beat data were 30-s stationary time-averaged.

Statistical Analyses
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All statistical analyses were performed using Statistica 10 software (StatSoft™, Tulsa, OK, USA).
Sample data are described using the mean + SD. Statistical significance was accepted as P < 0.05. In the
first part of the study, a linear regression model was determined for each participant in order to compare
the relationships between %HRR vs. %VO;R. The heart rate and VO, values obtained at rest and during
the CPET's were used as references to calculate %HRR and %VOR according to the following equations:
1) %HRR = (HRsubmax — HR at rest) / (HRmax — HR at rest) x 100; and 2) %VOzR = (VOasubmax — VO2 at
rest) / (VOzmax — VO at rest) x 100. In these equations, HRuax refers to the maximal heart rate reached in
the CPET; the HRqupbmax refers to the heart rate obtained throughout the CPET at 30-s intervals; VOzmax
refers to the maximal VO reached in the CPET; VOzsbmax refers to the VO, obtained throughout the test
at 30-s intervals. The %VO:R was used as an independent variable in the regression model and the
predicted percentages of HRR associated with 40, 50, 60, 70, 80 and 90% of the VO.R were determined.
The mean + SD intercepts and slopes were determined for each linear regression model and Pearson
correlation for each relationship was calculated. The Student t-test for paired samples was also used to
test whether the intercepts and slopes of the regression models were significantly different from 0 and 1,
respectively (6, 21, 22), and to test possible differences between the regression lines, as described in
detail elsewhere (23). In addition, a two-way ANOVA for repeated measures with exercise modality and
intensity as factors was used for between and within group comparisons. The Tukey post hoc test was

applied to determine pairwise differences when significant F ratios were obtained.

In the second part of the study, the differences between the predicted and observed heart rate and VO,
were analyzed using a two-way ANOVA for repeated measures. Where effects for exercise modality and
time were statistically significant, Tukey post hoc pairwise comparisons were performed. Mean
differences between the predicted and observed times to achieve 400 kcal at 75% VO3R were investigated
using one-sample t tests, using the difference scores and a test value of zero. The distribution of these
differences was graphically displayed using Bland-Altman plots, which include the associated 95% limits

of agreement.

RESULTS

Table 1 shows the mean + SD values for cardiorespiratory variables and time to exhaustion obtained in
the CPET. Mean HRuux and VOzuax were significantly higher during treadmill running compared to

7
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cycling, whereas maximal values for minute ventilation (second part of study only) and respiratory
exchange ratio were significantly higher during cycling. Mean time to exhaustion was similar between

exercise modalities.

INSERT TABLE 1

Relationship between %HRR and %VO:R

The mean + SD intercepts and slopes for the individual linear regression models, derived from cycling
and running CPETs, are shown in Table 2. Significant mean differences were observed between
intercepts (£ = -6.59; P < 0.001) and slopes (¢ = -6.10; P < 0.001) obtained for %HRR vs. %VO:R
relationships. Moreover, mean intercepts and slopes in both exercise modalities were significantly

different from 0 (P< 0.001) and 1 (P < 0.001), respectively (see Table 2).

INSERT TABLE 2

Table 3 shows the values of %VO:R corresponding to deciles of %HRR during the cycling and running
CPETs. There were significant main effects for exercise modality (F = 75.64; P < 0.001) and intensity (F
= 9706.80; P < 0.001), and a modality x intensity interaction (F = 51.33; P < 0.001). The mean %VO:R
was significantly lower than that predicted by the 1:1 relationship up to 60% HRR for cycling (P < 0.001)
and throughout the whole range of observed work rates for running (P < 0.001). At all exercise intensities
the %VO:R was significantly higher in cycling compared to running (P < 0.001) and the %HRR was

closer to the %VO.R during cycling compared to running.

Figure 2 shows the relationships between the %HRR and %VO;R at 100 kcal intervals during the 400
kcal continuous exercise bouts at 75% VO2R. A 1:1 relationship between the %HRR and %VO;R was not
observed for either exercise modality, with an average difference of 6.5% and 7.0% between the two
variables for cycling and running bouts, respectively (P = 0.007 to P < 0.001). Furthermore, the %HRR
and %VO2R increased significantly over time (F = 2104.0, P < 0.001), the rate of which was influenced

by exercise modality (F = 2659.0, P< 0.001).

INSERT FIGURE 2 and TABLE 3
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Predicted and observed values during submaximal exercise bouts

Table 4 shows the mean + SD predicted and observed heart rate and VO, for cycling and running bouts.
There were significant differences between the predicted and observed heart rates (F = 82.4, P < 0.001)
and VO, (F = 35.5, P < 0.001). The heart rate was significantly higher than predicted from the second
energy expenditure quartile (cycling: mean difference = 5 beats-min', P < 0.001; running: mean
difference = 8 beats-min, P < 0.001), with the difference progressively increasing until reaching a
maximum in the fourth quartile (cycling: mean difference = 12 beats-min!, P < 0.001; running: mean
difference = 18 beats-min!, P < 0.001). In contrast, observed VO, was lower than predicted during all
energy expenditure quartiles for cycling, with the largest differences in the first quartile (mean difference
=359 mL-min"!; P< 0.001) and progressively decreasing until the fourth quartile (mean difference = 211
mL-min!'; P=0.005). Unlike cycling, observed VO during running was lower than predicted only in the

first quartile (mean difference = 234 mL-min’'; P=0.001).

Figure 3 shows the distribution of the differences between the predicted and observed times to achieve
energy expenditure of 400 kcal at 75% VO:R during cycling and running bouts. The time to achieve the
target energy expenditure in each condition was significantly greater than predicted (F = 356.2, P <

0.001), with the greatest differences observed for cycling compared to running.

INSERT TABLE 4 AND FIGURE 3

DISCUSSION

The present study adds to current knowledge by investigating the %HRR-%VO:R relationships during
CPETs and isocaloric bouts of constant work rate exercise with energy expenditures of 400 kcals and
using two different exercise modalities (cycling and running). The main finding was that the hypothetical
1:1 relationship between the %HRR and %VO;R was not observed in either the CPET or constant work
rate exercise for either exercise modality. Moreover, the ACSM equations for cycling and running
overestimated the observed energy expenditure and, therefore, underestimated the time to achieved 400
kcals during exercise at 75% VO:R. Due to the association between energy expenditure and VO, similar
errors were evident for VO, especially for the exercise modality involving a lower muscle mass (i.e.

cycling). However, the ACSM metabolic equations for cycling and running predicted heart rate during the
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exercise bouts with a relatively high degree of accuracy during the first energy expenditure quartile, but

subsequently observed heart rates were underestimated.

Cunha et al. (6) questioned the hypothetical 1:1 relationship between %HRR and %VO:R during running
CPET. The %VO;R was underestimated in relation to %HRR, whereas differences between the %HRR
and %VO:zR were inversely proportional to exercise intensity. In other words, the difference between
%HRR and %VO:R decreased when the exercise intensity was near to maximal, at least within the
context of maximal incremental exercise testing. The findings of the present study concur with those of
Cunha et al. (6), since the %HRR was significantly higher than the %VO:R until 60% HRR for cycling (P
< 0.001) and throughout the whole range of intensities for running (P < 0.001) (see Table 3). In any case,
it is notable that %HRR was closer to %VO:R during cycling [mean + SD intercept and slope: 0.08 +
0.05 and 0.93 + 0.06, respectively] than during running [mean + SD intercept and slope: 0.22 + 0.10 and
0.80 + 0.11, respectively] CPET (see Table 2). Interestingly, the effect of exercise modality on the slope
of the %HRR-%VO;R relationship also has been observed by Swain and Leutholtz (21), (22). The %HRR
versus %VO;R relationship during cycling CPET was indistinguishable from the line of identity [mean +
SD intercept and slope: -0.1 + 0.6 and 1.00 + 0.01, respectively] (21), whereas in running it was slightly
different from the line of identity [mean + SD intercept and slope: 1.5 + 0.6 and 1.03 + 0.01,
respectively| (22). Comparison between results of the aforementioned studies should be viewed with

caution, however, given the different exercise protocols and populations employed.

Cunha et al. (7) investigated whether there was a 1:1 relationship between the %HRR and %VO:R at an
exercise intensity corresponding to the gas exchange threshold in 16 apparently healthy men during
cycling, walking, and running CPETs. The authors observed that mean values of %VOR at the gas
exchange threshold were 7% and 11% lower than the corresponding %HRR for the cycling and running
exercise modalities, respectively. The present findings concur with the hypothesis that the %HRR-
%VO:R relationship is influenced by the exercise modality used during the CPET, since the average
difference between the %HRR and %VO;R was greater during running than cycling CPET (see Figure 2).
Exercise modality did not affect the average difference between the %HRR and %VO;R during the 400
keal exercise bouts at 75% VOzR (cycling: 6.5%; running: 7%; see Figure 2), however, the greatest
increases in heart rate (%HRR) and VO2 (%VO2R) over time were observed during running compared to

cycling (see Table 4 and Figure 2).
10
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Nassis and Geladas (16) compared the physiological strain during prolonged submaximal cycling and
running for 90 min at 60% VOzmay in a thermoneutral environment (23.8 + 0.3°C) in the same group of 11
healthy males [mean + SD: (cycling and running VOgmax: 48.5 + 1.8 and 52.1 + 2.2 mL-kg!-min’,
respectively)]. The authors observed a main effect for exercise modality, where VO, heart rate, cardiac
output, stroke volume, and rectal temperature were significantly greater during running compared to
cycling (P < 0.01). The cardiac output declined only during cycling, however, presumably because of the
greater drop in stroke volume, despite a higher degree of whole body dehydration and hyperthermia
observed in running. This in turn may explain the plateau in VO, throughout the cycling bout compared
to the progressive increase in VO until minute 43 in the running bout (16). In others words, these
findings suggest that active muscle mass played a role in the cardiovascular responses, which reinforce
the notion that the relationships between %HRR and %VO:R observed during CPETs are not valid in the
context of aerobic training programs. In this sense, it is known that the increase in VO during prolonged
exercise with constant work rate due to the slow component of VO, kinetics has been related to integrated
mechanisms of kinetic control, including the activation of additional muscle groups, greater respiratory
muscle activity, recruitment of type II muscle fibers, increases in muscle temperature, and higher blood
lactate levels, among others (17). The progressive increase in VO has been shown to be concomitant to a
decrease in stroke volume and a compensatory increase in heart rate, with little variation in the cardiac
output (18). Parallel to this is that the increase in body temperature and decreased hydration level may
contribute to a decline in filling pressure and end-diastolic volume, promoting increased heart rate (11)

and a further dissociation between %HRR and %VO;R.

To the best of our knowledge, the present study is the first to investigate the extent to which the ACSM
metabolic equations for cycling and running reproduces the prescribed heart rate (%HRR), VO,
(%VO:R), and time to achieve a target energy expenditure during isocaloric exercise bouts. Our findings
raise doubts about the appropriateness of prescribing isocaloric exercise bouts based on a 1:1 ratio
between the %HRR and %VO;R, since the predicted VO3 was significantly overestimated throughout the
submaximal exercise protocols (see Table 4 and Figure 2). In practical terms, the subjects had to perform
additional exercise in relation to the predicted time to reach the target energy expenditure of 400 kcal for
the two exercise modalities (see Figure 3). On the other hand, the predicted and observed heart rate values

were quite similar across the two exercise modalities during the first energy expenditure quartile, after
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which the predicted heart rate was underestimated, especially for running (see Table 4 and Figure 2). In
practical terms, prescribing exercise intensity based upon the VO, and then estimating the relative heart
rate assuming a 1:1 relationship, would probably overestimate energy expenditure, especially for high
intensity and long duration exercise bouts. This is important for exercise prescription, since previous
studies using healthy adults (13), heart failure patients (25), and obese adults (19) have monitored heart
rate to adjust the work rate corresponding to the preferred exercise intensity and ensure the training bouts
were isocaloric. In other words, using heart rate to ensure the intended training volume is being

performed is not valid.

PRACTICAL APPLICATIONS

The hypothetical 1:1 relationship between %HRR and %VO;R could not be reproduced, since the
%VO;R was underestimated by %HRR. Concurrently, the relationships between the %HRR and %VO;R
from maximal incremental exercise testing may not accurately transpose to prolonged constant work rate
exercise, regardless of exercise modality. Moreover, the present findings warrant further investigation
with regards to the applicability of the ACSM metabolic equations to calculate the target work rate based
on the VO, obtained by calculating the target %VO;R, since the cycling and running equations
overestimated the predicted energy expenditure resulting in an underestimation of the observed time to
achieve 400 kcals. This information is of paramount importance for exercise prescription to determine the
predicted time to achieve a given energy expenditure during isocaloric exercise bouts (min-bout?), as
well the work rate (miles-h™' or km-h' and watts) and target heart rate (beats-min™'). Further research is
required to establish the accuracy of the ACSM metabolic equations for different exercise intensities and

volumes, and populations with different levels of cardiorespiratory fitness and clinical conditions.
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Figure Legends

Figure 1. Experimental design overview. VO = oxygen uptake; VO:R = oxygen uptake reserve.

Figure 2. Mean + SD percentage of heart rate reserve (%HRR) and oxygen uptake reserve (%VOzR) at
100 keal intervals during the 400 kcal continuous cycling and running bouts at 75% VO;R. *Significantly
different from the value assessed at 100 kcals (P < 0.01). P values indicate significant differences

between the %HRR and %VO:R.

Figure 3. Bland-Altman plots showing individual differences between the predicted and observed times
to achieve energy expenditures of 400 kcals at 75% VO:R during cycling and running. The first and third

horizontal dashed lines in each graph represent the 95% limits of agreement.
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Table

Table 1. Mean = SD imal physiological resy and time (o exhaustion for the running and cycling cardiopulmonary exercise tests. During the tests, all subjects

satisfied at least three of the four VOzma test criteria stipulated in the “Procedures” section.

Variable 1 part of the study 24 part of the study

Cycling Running ~ Pvalue Cycling Running Pralue
Maximal heart rate (beats-min"') 18310 194+8  <0.001 184+7 192+5 <0.001
Maximal oxygen uptake (mL- min’') 3335 + 692 4068 + 835 <0.001 3439 £ 824 3979+ 845 <0.001
Maximal minute ventilation (L.-min’) 101.0 + 21.2 956114 NS 1049+ 158 102.0+16.7 0.011
Maximal respiratory exchange ratio 1.13+0.05 1.07 £0.04 <0.001  1.15+0.05 1.07  0.04 < 0.001
Time to exhaustion (min) 103+1.7 107+ 1.7 NS 99+ 1.4 105+ 1.9 NS

NS = non-significant.



Table

Table 2. Mean + SD values for the Y intercept, slope, coefficient of determination (r?) and standard error of
estimate (SEE) from individual linear regression models representing the relationships between heart rate reserve

and oxygen uptake reserve obtained in the cycling and running cardiopulmonary exercise tests.

Exercise "

Modality Y intercept Slope r? SEE (3)
Cycling 0.079 + 0.054*  0.931 +0.062*  0.965 + 0.018 4.5%
Running 0.217 +£0.097*  0.799 + 0.106*%  0.947 + 0.027 3.4%

*Intercept significantly different from zero (P < 0.001); *Slope significantly different from one (P < 0.001).
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Table

Table 3. Mean + SD percentages of oxygen uptake reserve (%VO:R) associated with different
percentages of heart rate reserve (%HRR) determined during the cycling and running cardiopulmonary

exercise tests (CPETSs).

%HRR 40% 50% 60% 70% 80% 90%

%VO:R Cycling 34 +4%* 45 £4%* 56 £ 3%* 67 +3% 7 +3% 88 + 3%

%VO;R Running 22 £9%*t  35+8%*t AT +6%*t 60+5%*t 73+4%*t 86 +3%*

*Significant mean difference between the %HRR and %VO;R (P < 0.001). t Significant mean difference

for %VO:R in cycling compared to running CPETs (P < 0.001).



