Volume 32 - Number 4 | July / August | ISSN 2359-4802 | ISSN online 2359-5647

' 0

INTERNATIONAL JOURNAL OF

Cardiovascular
SCIENCES

A

Editorial

Physical Activity, Exercise and Sport: A Five-Star Path for
a Better Cardiovascular Health

Brief Communication

Jorge Pinto Ribeiro: a True Icon of Exercise Physiology
and Cardiology

Viewpoints
Exercise, Sports & Cardiovascular Health: Relevant
Questions and Answers

Invasive Coronary Physiological Assessment in Symptomatic
Middle-Aged Endurance Athletes

Original Articles

Clinimex Aerobic Fitness Questionnaire: Proposal and
Validation

Classification System for Cardiorespiratory Fitness Based
on a Sample of the Brazilian Population

The Physical Activity Level, Body Composition and Diabetes
Mellitus Influence the Association Between Depression and
Hypertension in Community-Dwelling Elders

Comparative Analysis of Direct and Indirect Methods for
the Determination of Maximal Oxygen Uptake in Sedentary
Young Adults

Guest Editor:

Claudio Gil Soares de Araljo, MD, PhD

Cardiopulmonary Exercise Testing in Patients with Implantable
Cardioverter-Defibrillator: A Retrospective Study

Speed and Grade Increment During Cardiopulmonary
Treadmill Testing: Impact on Exercise Prescription

Physical Activity and Incidence of Atrial Fibrillation - Systematic
Review and Meta-Analysis

Review Articles

Update on Sports Participation for Athletes with Implantable
Cardioverter Defibrillators

Measuring Heart Rate During Exercise: From Artery
Palpation to Monitors and Apps

Effects of Exercise Training on Cardiovascular and Autonomic
Parameters in Stroke Survivors: A Systematic Review

Sudden Cardiac Death in Sports: Why Its Prevalence is So
Different by Gender?

Physical Exercise in the Management of Erectile
Dysfunction in Patients with Heart Failure

Case Report

Sudden Cardiac Arrest in Athletes: Do not Miss Suspicious
Details

News

See in The Next Edition






INTERNATIONAL JOURNAL OF

Cardiovascular
SCIENCES

SUMARY

e Editorial

Physical Activity, Exercise and Sport: A Five-Star Path for a Better Cardiovascular Health 313
Claudio Gil Soares de Aratijo and Claudio Tinoco Mesquita

¢ Brief Communication

Jorge Pinto Ribeiro: a True Icon of Exercise Physiology and Cardiology 317
Ricardo Stein

* Viewpoints

Exercise, Sports & Cardiovascular Health: Relevant Questions and Answers 319
Claudio Gil Araujo, Barry Franklin, Jari Laukkanen, Jonathan Myers, Josef Niebauer, Jurgen Scharhag, Philip J. Millar

Invasive Coronary Physiological Assessment in Symptomatic Middle-Aged Endurance Athletes......................... 326
Omar M. Issa, J. Sawalla Guseh, Ignacio Inglessis, Aaron L. Baggish

* Original Articles

CLINIMEX Aerobic Fitness Questionnaire: Proposal and Validation 331
Claudio Gil Araujo, Claudia Castro, Joao Felipe Franca, Christina Griine de Souza e Silva

Classification System for Cardiorespiratory Fitness Based on a Sample of the Brazilian Population..................... 343
Antonio Eduardo Monteiro de Almeida, Igor Rafael Miranda Ferreira Santander, Maria Izabel Macedo Campos, Jorge
Arévalo Nascimento, Jodo Agnaldo do Nascimento, Luiz Eduardo Fonteles Ritt, Karlyse Claudino Belli, Jorge Pinto
Ribeirot, Ricardo Stein

The Physical Activity Level, Body Composition and Diabetes Mellitus Influence the Association Between
Depression and Hypertension in Community-Dwelling Elders 355

Carlos Geovane S. Aratjo, Ivna Vidal Freire, fcaro José Santos Ribeiro, Yanne Franca Montino, Cézar Augusto Casotti,
Rafael Pereira

Comparative Analysis of Direct and Indirect Methods for the Determination of Maximal Oxygen Uptake in
Sedentary Young Adults 362
Artur Haddad Herdy and Pablo de Souza

Cardiopulmonary Exercise Testing in Patients with Implantable Cardioverter-Defibrillator: A Retrospective
Study 368
Carolina Mizzaci, Thiago Fagundes, Felipe Malafaia, Sandro Felicioni, Susimeire Buglia, Carlos Alberto Hossri, Almir

Ferraz, Rica Buchler, Romeu Meneghelo, Luiz Mastrocolla

Speed and Grade Increment During Cardiopulmonary Treadmill Testing: Impact on Exercise Prescription ...... 374
Karlyse C. Belli, Paula F. Da Silva, Leandro T. Franzoni, Jonathan Myers, Ricardo Stein, Jorge P. Ribeirot

Physical Activity and Incidence of Atrial Fibrillation - Systematic Review and Meta-Analysis.........cceceveeerruennnnee 384
Daniel Carlos Garlipp, Raphael Boesche Guimaraes, Simone Louise Savaris, Clovis Froemming Junior, Oscar Dutra,
Tiago Luiz Luz Leiria



Review Articles

Update on Sports Participation for Athletes with Implantable Cardioverter Defibrillators
Rachel Lampert

Measuring Heart Rate During Exercise: From Artery Palpation to Monitors and Apps

Marcos Almeida, Altamiro Bottino, Plinio Ramos, Claudio Gil Araujo

Effects of Exercise Training on Cardiovascular and Autonomic Parameters in Stroke Survivors: A Systematic

Review
Bruno Bavaresco Gambassi, Fabiano de Jesus Furtado Almeida, Ana Eugénia Aratjo Furtado Almeida, Jodo Alberto
Ribeiro, Tania Maria Gaspar Novais, Paulo Adriano Schwingel, Ciro Oliveira Queiroz, Clarcson Placido Conceigdo dos
Santos, Bruno Rodrigues

Sudden Cardiac Death in Sports: Why Its Prevalence is So Different by Gender?
Cléa Simone Sabino de Souza Colombo, Nabil Ghorayeb, Thiago Ghorayeb Garcia, Ricardo Contesini Francisco

Physical Exercise in the Management of Erectile Dysfunction in Patients with Heart Failure...........cccceevurueeueunnnene
Ana Gonziles, Tales de Carvalho, Leonardo Andreato, Sabrina Sties, Anelise Sonza

Case Report

Sudden Cardiac Arrest in Athletes: Do not Miss Suspicious Details

Marta Luisa Braga, Paula Dias, Mariana Vasconcelos; Rui Almeida, Paulo Aratjo, Maria Maciel

News

See in The Next Edition

391

396

408

414

418

428

433

434



INTERNATIONAL JOURNAL OF

Cardiovascular
SCIENCES

ISSN 2359-4802 / IJCS ONLINE: ISSN 2359-5647

Editor

Cléudio Tinoco Mesquita — Hospital Universitario Antoénio Pedro (HUAP),
Universidade Federal Fluminense (UFF), Niter6i, Rio de Janeiro, R] — Brazil

Associated Editors

Claudio Gil Araujo (Exercise Area) — Clinica de Medicina do Exercicio -
CLINIMEX - Rio de Janeiro, R] - Brazil

Clério Francisco Azevedo Filho (Cardiovascular Imaging Area) — Universidade
do Estado do Rio de Janeiro (UER]), Rio de Janeiro, R] - Brazil

Glaucia Maria Moraes de Oliveira (Clinical Cardiology Area) - Departamento
de Clinica Médica, Faculdade de Medicina (FM), Universidade Federal do
Rio de Janeiro (UFR]), Rio de Janeiro, R] - Brazil

EDITORIAL BOARD

Brazil

Andpréia Biolo — Faculdade de Medicina, Universidade Federal do Rio Grande
do Sul (UFRGS), Porto Alegre, RS — Brazil

Angelo Amato Vincenzo de Paola — Escola Paulista de Medicina (EPM),
Universidade Federal de Sao Paulo (UNIFESP), Sao Paulo, SP — Brazil
Antonio Cldudio Lucas da Nébrega — Centro de Ciéncias Médicas,
Universidade Federal Fluminense (UFF), Niteroéi, Rio de Janeiro, RJ — Brazil
Ari Timerman — Unidades de Internagdo, Instituto Dante Pazzanese de
Cardiologia (IDPC), Sao Paulo, SP - Brazil

Armando da Rocha Nogueira — Departamento de Clinica Médica,
Universidade Federal do Rio de Janeiro (UFR]), Rio de Janeiro, R] - Brazil
Carisi Anne Polanczyk — Hospital de Clinicas de Porto Alegre, Universidade
Federal do Rio Grande do Sul (UFRGS), Porto Alegre, RS — Brazil

Carlos Eduardo Rochitte — Departamento de Cardiopneumologia, Hospital
das Clinicas da Faculdade de Medicina da Universidade de Sdo Paulo
(HCFMUSP), Sao Paulo, SP — Brazil

Carlos Vicente Serrano Junior — Faculdade de Medicina da Universidade de
S&o Paulo, Instituto do Coragao (InCor), Sao Paulo, SP — Brazil

Claudio Gil Soares de Araujo — Clinica de Medicina do Exercicio - CLINIMEX -
Rio de Janeiro, RJ - Brazil

Claudio Pereira da Cunha — Departamento de Clinica Médica, Universidade
Federal do Parand (UFPR), Parand, PR — Brazil

Claudio Tinoco Mesquita — Hospital Universitario Anténio Pedro (HUAP),
Universidade Federal Fluminense (UFF), Niter6i, Rio de Janeiro, R] — Brazil
Denilson Campos de Albuquerque — Faculdade de Ciéncias Médicas,
Universidade do Estado do Rio de Janeiro (UER]), Rio de Janeiro, R] — Brazil
Denizar Vianna Araujo — Departamento de Clinica Médica, Universidade do
Estado do Rio de Janeiro (UER]), Rio de Janeiro, R] — Brazil

Esmeralci Ferreira — Hospital Universitdrio Pedro Ernesto (HUPE),
Universidade do Estado do Rio de Janeiro (UER]), Rio de Janeiro, R] - Brazil
Evandro Tinoco Mesquita — Hospital Universitario Anténio Pedro (HUAP),
Universidade Federal Fluminense (UFF), Niter6i, Rio de Janeiro, R] — Brazil
Fernando Nobre — Faculdade de Medicina de Ribeirdo Preto (FMRP),
Universidade de Sao Paulo, Sao Paulo, SP — Brazil

Gabriel Blacher Grossman - Servico de Medicina Nuclear, Hospital Moinhos
de Vento, Porto Alegre, RS — Brazil

Henrique César de Almeida Maia — Governo do Distrito Federal (GDF),
Brasilia, DF - Brazil

Humberto Villacorta Janior — Hospital Universitdrio Anténio Pedro (HUAP),
Universidade Federal Fluminense (UFF), Niterdéi, Rio de Janeiro, R] — Brazil
Iran Castro — Fundagdo Universitdria de Cardiologia (FUC), Instituto de
Cardiologia do Rio Grande do Sul (IC), Porto Alegre, RS — Brazil

Jodo Vicente Vitola — Quanta Diagnéstico e Terapia (QDT), Curitiba, PR - Brazil
José Geraldo de Castro Amino — Sessdo Clinica, Instituto Nacional de
Cardiologia (INC), Rio de Janeiro, RJ — Brazil

José Miércio Ribeiro — Clinica Médica (Ambulatério), Unido Educacional Vale
do Ago (UNIVACO), Ipatinga, MG - Brazil

Leonardo Silva Roever Borges — Departamento de Pesquisa Clinica,
Universidade Federal de Uberlandia (UFU), MG — Brazil

Guest Editor:
Claudio Gil Soares de Aratjo, MD, PhD

Guilherme Vianna e Silva (Interventionist Cardiology Area) — Texas Heart
Institute, USA

Jodo Augusto Costa Lima (Integrative Imaging Area) — Johns Hopkins
Hospital — Baltimore, USA

Lauro Casqueiro Vianna (Multiprofessional Area) — Faculdade de Educacao
Fisica, Universidade de Brasilia (UnB), Brasilia, DF — Brazil

Miguel Mendes (Ergometric and Cardiac Rehabilitation Area) — Sociedade
Portuguesa de Cardiologia, Portugal

Ricardo Mourilhe-Rocha (Heart Failure and Myocardiopathy Area) —
Hospital Universitdrio Pedro Ernesto, Universidade do Estado do Rio de
Janeiro (UER]), Rio de Janeiro, R] - Brazil

Leopoldo Soares Piegas — Fundacao Adib Jatene, Instituto Dante Pazzanese
de Cardiologia (IDPC/FAJ), Sao Paulo, SP - Brazil

Luis Alberto Oliveira Dallan — Servico Coronariopatias, Instituto do Coragao
(INCOR), Sao Paulo, SP - Brazil

Marcelo Iorio Garcia — Clinica de Insuficiéncia Cardiaca, Universidade Federal
do Rio de Janeiro (UFR]), Rio de Janeiro, RJ - Brazil

Marcelo Westerlund Montera — Centro de Insuficiéncia Cardfaca, Hospital
Pré Cardiaco (PROCARDIACO), Rio de Janeiro, RJ - Brazil

Marcio Luiz Alves Fagundes — Divisao de Arritmia e Eletrofisiologia, Instituto
Nacional de Cardiologia Laranjeiras (INCL), Rio de Janeiro, RJ — Brazil
Marco Antonio Mota Gomes - Fundacado Universitdria de Ciéncias da Satide
Governador Lamenha Filho (UNCISAL), Macei6, AL - Brazil

Marco Antonio Rodrigues Torres — Departamento de Medicina Interna,
Hospital de Clinicas de Porto Alegre, Porto Alegre, RS — Brazil

Marcus Vinicius Bolivar Malachias — Instituto de Pesquisas e Pos-
graduacdo (IPG), Faculdade de Ciéncias Médicas de Minas Gerais
(FCMMG), Belo Horizonte, MG — Brazil

Maria Eliane Campos Magalhées — Departamento de Especialidades Médicas,
Universidade do Estado do Rio de Janeiro (UER]), Rio de Janeiro, R] — Brazil
Mirio de Seixas Rocha — Unidade Coronariana, Hospital Portugués,
Salvador, BA - Brazil

Mauricio Ibrahim Scanavacca — Unidade Clinica de Arritmia, Instituto do
Coracdo do Hospital das Clinicas da FMUSP, Sao Paulo, SP — Brazil

Nadine Oliveira Clausell - Faculdade de Medicina, Universidade Federal do
Rio Grande do Sul (UFRGS), Porto Alegre, RS — Brazil

Nazareth de Novaes Rocha — Centro de Ciéncias Médicas, Universidade
Federal Fluminense, UFF - Rio de Janeiro, R] — Brazil

Nelson Albuquerque de Souza e Silva — Departamento de Clinica
Médica, Universidade Federal do Rio de Janeiro (UFR]J), Rio de Janeiro,
RJ — Brazil

Paola Emanuela Poggio Smanio — Secao Médica de Medicina Nuclear, Instituto
Dante Pazzanese de Cardiologia (IDPC) Sdo Paulo, SP - Brazil

Paulo Cesar Brandao Veiga Jardim — Liga de Hipertensao Arterial,
Universidade Federal de Goids (UFGO), Goiania, GO — Brazil

Ronaldo de Souza Ledo Lima — Pés-Graduacao em Cardiologia, Universidade
Federal do Rio de Janeiro (UFR]), Rio de Janeiro, R] — Brazil

Salvador Manoel Serra — Setor de Pesquisa Clinica, Instituto Estadual de
Cardiologia Aloysio de Castro (IECAC), Rio de Janeiro, R] — Brazil

Sandra Cristina Pereira Costa Fuchs — Departamento de Medicina Social,
Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, RS —Brazil
Tiago Augusto Magalhdes — Ressonancia Magnética e Tomografia Cardiaca,
Hospital do Coracdo (HCor), Sao Paulo, SP — Brazil

Walter José Gomes — Departamento de Cirurgia, Universidade Federal de Sao
Paulo (UFESP), Sao Paulo, SP - Brazil

Washington Andrade Maciel — Servigo de Arritmias Cardiacas, Instituto
Estadual de Cardiologia Aloysio de Castro (IECAC), Rio de Janeiro,
R] — Brazil

Wolney de Andrade Martins — Centro de Ciéncias Médicas, Universidade
Federal Fluminense (UFF), Niterdi, Rio de Janeiro, R] — Brazil



Exterior

Amalia Peix - Instituto de Cardiologia y Cirugfa Cardiovascular, Havana—-Cuba
Amelia Jiménez-Heffernan - Hospital Juan Ramén Jiménez, Huelva — Spain
AnalIsabel Venancio Oliveira Galrinho - Hospital Santa Marta, Lisboa — Portugal
Ana Maria Ferreira Neves Abreu - Hospital Santa Marta, Lisboa — Portugal
Ana Teresa Timéteo - Hospital Santa Marta, Lisboa — Portugal

Charalampos Tsoumpas - University of Leeds, Leeds — England

Chetal Patel - All India Institute of Medical Sciences, Delhi — Indian

Edgardo Escobar - Universidad de Chile, Santiago — Chile

Enrique Estrada-Lobato - International Atomic Energy Agency, Vienna — Austria
Erick Alexanderson - Instituto Nacional de Cardiologfa - Ignacio Chévez, Ciudad
de México — México

Fausto Pinto - Universidade de Lisboa, Lisboa - Portugal

Ganesan Karthikeyan - All India Institute of Medical Sciences, Delhi — Indian
Guilherme Vianna e Silva - Texas Heart Institute, Texas — USA

Horacio José Faella - Hospital de Pediatria S.A.M.L.C. “Prof. Dr. Juan P.
Garrahan”, Caba — Argentina

James A. Lang - Des Moines University, Des Moines — USA

James P. Fisher - University of Birmingham, Birmingham — England

Jodo Augusto Costa Lima - Johns Hopkins Medicine, Baltimore — USA

Jorge Ferreira - Hospital de Santa Cruz, Carnaxide, Portugal

Manuel de Jesus Antunes - Centro Hospitalar de Coimbra, Coimbra — Portugal
Marco Alves da Costa - Centro Hospitalar de Coimbra, Coimbra — Portugal
Maria Jodo Soares Vidigal Teixeira Ferreira - Universidade de Coimbra,
Coimbra — Portugal

Massimo Francesco Piepoli - Ospedale “Guglielmo da Saliceto”, Piacenza —Italy
Nuno Bettencourt - Universidade do Porto, Porto — Portugal

Raffaele Giubbini - Universita degli Studi di Brescia, Brescia —Italy

Ravi Kashyap - International Atomic Energy Agency, Vienna — Austria
Roberto José Palma dos Reis - Hospital Polido Valente, Lisboa — Portugal
Shekhar H. Deo - University of Missouri, Columbia — USA

BIENNIUM BOARD 2018/2019

SOCIEDADE BRASILEIRA DE
CARDIOLOGIA/BRAZILIAN
SOCIETY OF CARDIOLOGY

PRESIDENTS OF STATE AND
REGIONAL BRAZILIAN SOCIETIES
OF CARDIOLOGY

President

Oscar Pereira Dutra

Vice-President

José Wanderley Neto

Scientific Director

Dalton Bertolim Précoma

Financial Director

Denilson Campos de Albuquerque

Administrative Director
Wolney de Andrade Martins

Government Liaison Director

José Carlos Quinaglia e Silva

Information Technology Director
Miguel Antonio Moretti

Communication Director

Romeu Sergio Meneghelo

Research Director

Fernando Bacal

Assistance Quality Director

Evandro Tinoco Mesquita

Specialized Departments Director

Audes Didgenes de Magalhaes Feitosa

State and Regional Relations Director
Weimar Kunz Sebba Barroso de Souza
Cardiovascular Health Promotion

Director - SBC/Funcor

Fernando Augusto Alves da Costa

Chief Editor of the Arquivos Brasileiros

de Cardiologia

Carlos Eduardo Rochitte

Chief Editor of the International Journal of
Cardiovascular Sciences

Claudio Tinoco Mesquita

SBC/AL - Edvaldo Ferreira Xavier Jtnior
SBC/AM - Jodo Marcos Bemfica Barbosa Ferreira
SBC/BA - Emerson Costa Porto

SBC/CE - Maria Tereza Sa Leitao Ramos Borges
SBC/DF - Ederaldo Brandao Leite

SBC/ES - Fatima Cristina Monteiro Pedroti
SBC/GO - Gilson Cassem Ramos

SBC/MA - Aldryn Nunes Castro

SBC/MG - Carlos Eduardo de Souza Miranda
SBC/MS - Christiano Henrique Souza Pereira
SBC/MT - Roberto Candia

SBC/NNE - Maria Alayde Mendonca da Silva
SBC/PA - Moacyr Magno Palmeira

SBC/PB - Fatima Elizabeth Fonseca de
Oliveira Negri

SBC/PE - Audes Didgenes de Magalhaes Feitosa

SBC/PI - Luiza Magna de Sd Cardoso
Jung Batista

SBC/PR - Joao Vicente Vitola

SBC/RN - Sebastido Vieira de Freitas Filho
SBC/SC - Walmore Pereira de Siqueira Junior
SBC/SE - Sheyla Cristina Tonheiro Ferro da Silva
SBC/TO - Wallace André Pedro da Silva
SOCERGS - Daniel Souto Silveira

SOCER] - Andréa Araujo Brandao
SOCERON - Fernanda Dettmann

SOCESP - José Francisco Kerr Saraiva

PRESIDENTS OF DEPARTAMENTS AND
STUDY GROUPS

SBC/DA - Maria Cristina de Oliveira Izar
SBC/DCC - Joao Luiz Fernandes Petriz
SBC/DCC/CP - Andressa Mussi Soares
SBC/DCM - Marildes Luiza de Castro
SBC/DECAGE - Elizabeth da Rosa Duarte
SBC/DEIC - Salvador Rassi

SBC/DERC - Tales de Carvalho
SBC/DFCVR - Antoinette Oliveira Blackman
SBC/DHA - Rui Manuel dos Santos Povoa
SBC/DIC - Marcelo Luiz Campos Vieira

SBCCV - Rui Manuel de Sousa S. Antunes
de Almeida

SOBRAC - Jose Carlos Moura Jorge
SBHCI - Viviana de Mello Guzzo Lemke
DCC/GAPO - Pedro Silvio Farsky
DERC/GECESP - Antonio Carlos Avanza Jr
DERC/GECN - Rafael Willain Lopes
DERC/GERCPM - Mauricio Milani
DCC/GECETI - Luiz Bezerra Neto
DCC/GECO - Roberto Kalil Filho
DEIC/GEICPED - Estela Azeka
DCC/GEMCA - Roberto Esporcatte
DEIC/GEMIC - Fabio Fernandes
DCC/GERTC - Juliano de Lara Fernandes

DEIC/GETAC - Silvia Moreira Ayub Ferreira



INTERNATIONAL JOURNAL OF CARDIOVASCULAR SCIENCES

This work is available per

Volume 32, N° 4, July/August 2019 guidelines from the Creative

Indexing: Index Medicus Latino-Americano - LILACS and Commons License. Attribution
Scientific Electronic Library Online - SCELO 4.0 International. Partial or total
reproduction of this work is
permitted upon citation.
Commercial Department
Telephone Number: (11) 3411-5500
e-mail: comercialsp@cardiol.br

Editorial Production
SBC - Geréncia Cientifica - Ntcleo de Publicagbes

Desktop Publishing and Graphic Design
Primita Assessoria Produgdes e Servicos Artisticos

Former SOCERJ Magazine (ISSN 0104-0758) up to December
2009; Revista Brasileira de Cardiologia
(print ISSN 2177-6024 and online ISSN 2177-7772)
from January 2010 up to December 2014.
International Journal of Cardiovascular Sciences
(print ISSN 2359-4802 and online ISSN 2359-5647)
from January 2015.

ORGAO OFICIAL DA
SOCIEDADE BRASILEIRA DE CARDIOLOGIA - SBC
PUBLICAGAO BIMESTRAL / PUBLISHED BIMONTHLY
INTERNATIONAL JOURNAL OF CARDIOVASCULAR SCIENCES
(INT J CARDIOVASC SCI)

[=] =i [=]

INTERNATIONAL JOURNAL OF

[m] 7 Cardiovascular
SCIENCES

O International Journal of Cardiovascular Sciences (ISSN 2359-4802)
é editado bimestralmente pela SBC:
Av. Marechal Camara, 160 - 3° andar - Sala 330
20020-907 - Centro » Rio de Janeiro, RJ « Brasil
Tel.: (21) 3478-2700
e-mail: revistaijcs@cardiol.br
<www.onlineijcs.org>




International Journal of Cardiovascular Sciences. 2019;32(4):313-316

313

EDITORIAL

Physical Activity, Exercise and Sport: A Five-Star Path for a Better Cardiovascular Health

Claudio Gil Soares de Araujo’

Clinica de Medicina do Exercicio - CLINIMEX,' Rio de Janeiro, RJ - Brazil
Universidade Federal Fluminense,? Niteroi, RJ - Brazil

Exercise is not optional: It is essential.

Herman Pontzer

Why we must exercise? Although this question
has many answers, many other questions arise from
it. Which are the benefits of exercising? How much
exercise is good for health? Is high-intensity exercise
better than moderate-intensity exercise? Are there risks
in exercising? What to do if someone does not like to
exercise? Do cardiologists know the literature on exercise
and heart? These are sounding questions that should be
covered to understand the real need of exercising.

Why is the International Journal of Cardiovascular
Sciences having a special thematic issue on exercise and
cardiovascular health? Indeed, searching PubMed for the
keywords “heart” and “(exercise OR physical activity OR
sport) AND heart”, the proportion of papers on exercise
and heart were only 1% until mid-60’s, with a fast increase
to around 7 to 8% in mid-80’s and thereafter, although
there was a significant increase in the absolute number of
publications, close to 5,000 papers/ year in 2018 (Figure 1).

The World Health Organization (WHO) recommends
that adults aged from 18 to 64 years should do at least
150 minutes of moderate-intensity aerobic physical
activity throughout the week or at least 75 minutes of
vigorous-intensity aerobic physical activity throughout
the week or an equivalent combination of moderate- and
vigorous-intensity activity.! According to the WHO,
insufficient regular exercise, also called hypokinesia,
has been identified as the fourth leading risk factor for
global mortality.? Indeed, hypokinesia is likely the most

Keywords

Exercise Test, Exercise; Athletes; Cardiac Rehabilitation;
Sports, Cardiovascular Diseases.

and Claudio Tinoco Mesquita?

prevalent chronic health disorder around the world,
affecting a significant amount of individuals of all ages
and both sexes. Recent data from the United States
suggested that approximately 80% of their population of
adolescents and adults are insufficiently active.?

A WHO report comparing levels of insufficient
activity in 168 countries brought some bad news to our
country: 1) 47% of the Brazilian population is sedentary,
2) between 2001, and 2016, the levels of insufficient
activity increased more than 15% in Brazil, and 3) women
in Brazil and in Latin America have the highest levels
of insufficient physical activity in the world.* The most
recent data from Brazil, reported by Vigitel,” a long-term
project supported by the Brazilian Ministry of Health,
indicated that only 37% of our adults — 43.4% of men
and 31.5% of women - living in our capitals met the
WHO recommendations of a minimal of 150 minutes of
medium-intensity exercise or 75 minutes of high-intensity
exercise, in average, per week. In reverse order, these
data mean that 63% of Brazilian adults are hypokinetic!
However, it is even more alarming considering that only
23.3% of those older than 65 years of age are physically
active. In this age group, the incidence of chronic
diseases, including those of cardiovascular origin, which
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are known to be potentially prevented and treated by
exercise, exponentially increases. In addition, with the
recent proposal of the 2018 US Federal Physical Activity
Guidelines® suggesting a minimum of 60 minutes of
moderate-to-vigorous physical activity daily to children
aged between 6 and 17 years old and the increase the
minimum dose from 150 minutes to 300 minutes a week
of moderate-intensity, or 75 minutes to 150 minutes a
week of vigorous-intensity aerobic physical activity, or
an equivalent combination of moderate- and vigorous-
intensity aerobic activity for adults, it can be expected
that the percentage of individuals achieving these new
standards will probably decrease.

One of the most relevant health status indicators is
the individual’s level of physical fitness.® Physical fitness
includes aerobic and non-aerobic components, and the
latter involves muscle strength / power, flexibility, balance

and body composition. There is a strong association
between lack of regular exercise and poor levels of
physical fitness. Based on solid data from important
cohort studies, it is well-established that aerobic fitness
is inversely and strongly related, in a dose-dependent
manner, with higher rates of cardiovascular, cancer and
all-cause mortality.”® More recent observational data
have also indicated that low levels of non-aerobic or
musculoskeletal fitness are also strongly associated with
poor survival in the following six years.’

This outstanding thematic issue of the International
Journal of Cardiovascular Sciences, fully dedicated to
exercise/ sport and cardiovascular health, brings together
16 other contributions including original articles, review
articles, viewpoints, one case report and one special
communication, written by a highly qualified team of
78 authors (16 foreigners) from seven different countries.

Figure 1 - Number of articles (upper panel) and percentage of them as related to the term "heart" (lower panel) that were indexed by
PubMed per year using the combining terms "heart (data extracted from PubMed).
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The thematic issue opens with a special communication
written by Dr. Ricardo Stein to honor a true icon of
Exercise Physiology and Cardiology, Prof. Jorge Pinto
Ribeiro, a brilliant cardiologist and sport/exercise
physician who passed away some years ago. Then, two
viewpoints, the first'® presenting an innovative format
of questions (posed by the leading author) & answers,
with participation of distinguished experts in the field
from Austria, Brazil, Canada, Finland, Germany and
United States, and the second with Dr. Aaron Baggish,
from the Massachusetts General Hospital, as the leading
author.” This very intriguing paper! describes a clinical
case of a master athlete with coronary artery disease that
suffered a cardiac event during a marathon and brings
to the discussion some issues about eligibility for sport
participation and shared-decision making.

Moving to original papers, there are a total of
seven studies that range from relevant aspects of
cardiopulmonary exercise testing, an area where Brazilian
researchers have made important contributions to the
literature, to a timely systematic review and meta-analysis
of the effect of regular physical activity on the incidence
of atrial fibrillation.”? The readers will certainly find new
and high quality scientific information. Two of these
papers make very useful and practical contributions to
those working with exercise in their daily practice. In one
of these, the authors discuss the proposal and validation
of a simple questionnaire for estimating aerobic fitness,"
and the second one proposes aerobic reference standards
derived from a large sample of Brazilian adults.

Then, six review papers are being published in this
issue. Authored by Dr. Rachel Lampert from Yale
University (United States), the first review study presents
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Jorge Pinto Ribeiro: a True Icon of Exercise Physiology and Cardiology

Ricardo Stein
Universidade Federal do Rio Grande do Sul, Porto Alegre, RS - Brazil

The initiative to make an edition dedicated to a certain
area of knowledge in a scientific journal is always a major
challenge full of hard work. Original articles, reviews and
/ or special cases in the field are expected and the best
experts in the subject are those that the editor hopes to
be able to count. This edition of the International Journal
of Cardiology Science, headed by Dr. Claudio Gil Soares
de Aradjo, is focused on physical exercise and its pages
contain different articles on the matter. Probably, I was
invited to contribute because I work and publish in the
sports and exercise cardiology field, besides the fact that
I am the Associate-Editor for exercise and rehabilitation
of the Arquivos Brasileiros de Cardiologia. By the way, when
the invitation letter arrived, I immediately accepted it, but
wondered what my ideal contribution might be. Thus,
over five daysI glimpsed different possibilities, until one
early morning, while running an insight came: Jorge Pinto
Ribeiro!!! Nothing is fairer to remember than a professor
and scientist with more than 150 publications, at least
half of them in the exercise physiology/cardiology
area. So, with the support of the International Journal
of Cardiology Science Editors I was able to go through a
few lines with a sense of affection and sadness, as long
as many years have passed since this cardiology "giant"
passed way. It is amazing to mention that, despite the
hiatus of more than 6 years since his death, he continues
to publish: at least three articles with his name can be
found at Pubmed in the year 2018... and two'? in this
Edition!!! Well, but who was the Jorge Pinto Ribeiro I met?
The differential started with the name. Atleast for me an
affirmative name. A name that always sounded strong,
announcing that behind these 17 letters, Jorge Pinto

Keywords

Exercise/physiology; Sports/trends; Cardiac
Rehabilitation/ trends; Exercise Therapy.

Ribeiro, came a winner. No, actually, he was a champion.
A champion at home, at work, at leisure, a blessed
champion with unified qualities in a rare individual, a
true winner. A man who was always offering the hand to
help others on their achievements. Yes, he was the owner
of this name, a person who at the height of his 57 years, in
the distant year of 2012, left us. Indeed, after a Herculean
fight against a rare disease, the flame of his intense and
successful life was extinguished. Actually, his early
departure left an enormous emptiness and deep longing
in relatives, friends, colleagues, students and patients.
However, we who know him well always remember
his energy, his production, his life as a husband, father,
brother, doctor, teacher... as a friend!!! Is evident, he was a
man who lived the life. In short, as a brilliant cardiologist
and one of the most talented scientists in exercise
physiology / cardiology ever, Jorge Pinto Ribeiro certainly
is reading the International Journal of Cardiology Science
pages delighted and smiling.
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Exercise, Sports & Cardiovascular Health: Relevant Questions and Answers
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Introduction

Currently, it is quite common for a clinical cardiologist
to be questioned about exercise and sports, topics that
are rarely discussed during formal medical education. In
this regard, there is a clear need to access high-quality
data and evidence-based information to give patients
and family members the best advice.

Aiming to present the state-of-the art scientific
information on the topic, we have invited several experts
from different countries, all of them “knowledge-
producers” in exercise and sports cardiology, to
contribute with their expertise by answering specific
and relevant questions in the matter. The answers were
limited to about 250 words and they were asked to
preferentially refer to their own publications.

This is an innovative type of scientific paper — questions
& answers (Q&A) format -, in which all contributors are
listed as coauthors in the paper, but for each one of the
answers the responder is clearly identified.

Keywords

Exercise; Sports; Exercise Movement Techniques;
Muscle Strenght; Hypertension; Preventive Health Care;
Exercise Therapy.

Exercise should be a lifelong habit: from childhood
to the elderly individual

Barry A. Franklin

Q: There is a well-established consensus that regular
exercise is beneficial for mental and physical health.
It is also well-recognized that regularity of exercise
is an important issue. Notwithstanding, most of the
interventional physical activity studies are short-term,
most of them rarely exceeding months or one year and,
indeed, we do not know very much about the effects of
lifelong exercise habits. In addition, it is already known
that aerobic and non-aerobic (i.e., muscle strength,
flexibility, balance) fitness tends to decrease with aging.
So, in a clinical practice setting and based on the most
recent evidence, what advice should the cardiologist
give about the amount and the intensity of regular
weekly exercise for his (her) aging patients? Should they
maintain, reduce or increase the exercise dose over the
decades for maximal clinical benefit?

A: Both regular physical activity (PA) and higher
levels of cardiorespiratory fitness (CRF) are associated
with a reduced risk of developing hypertension, type
2 diabetes mellitus, atrial fibrillation, chronic kidney
disease, heart failure, and cardiovascular events.!
Each 1-MET increase in exercise capacity is associated
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with a ~15% reduction in mortality in patients with
and without cardiovascular disease. Indeed, a recent
landmark study reported that the most physically active
cohorts of men and women demonstrated 7- to 8-year
gains in life expectancy.? Increased levels of habitual PA
prior to hospitalization for acute coronary syndromes
are also associated with better short-term cardiovascular
outcomes. In contrast, individuals with low CRF have
higher annual health care costs, higher rates of surgical
complications, and are more likely to die prematurely
than their matched counterparts.

Although arterial dysfunction has been widely
considered a marker of age-associated cardiovascular
disease, regular aerobic exercise inhibits large
artery stiffening and preserves endothelial function.
Increased CRF in middle-age is also associated with
a lower risk of developing heart failure, regardless of
the body mass index.?

Vigorous PA (= 6 METs) appears to be superior
to moderate-intensity exercise (3.0 to 5.9 METs) in
promoting health benefits. However, patients should
be counseled to augment their CRF by starting with
level walking at a 2.4 to 4.8 km/h pace and gradually
progress to more vigorous exercise, provided they remain
asymptomatic. Aerobic exercise should be complemented
with flexibility and resistance training. Although some
studies suggest that high intensity interval training (HIIT)
elicits greater increases in CRF than moderate intensity
training, concerns regarding the safety of HIIT in “at risk”
patients suggest that it should be cautiously prescribed.*
Vigorous PA appears to be superior to moderate-intensity
exercise in promoting health benefits.

Cardiorespiratory fitness (CRF) as a prognostic
marker for sudden cardiac death and all-cause
mortality

Jari Laukkanen

Q: It is already known that high levels of CRF are
related to longer life expectancy. On the other hand,
sudden cardiac death, always a very dramatic event, is
a rare event that is often difficult to be prevented. What
do you currently know about the possible influence of a
high CRF on the incidence of sudden cardiac death and
if there is such influence, what are the most probable
mechanisms involved?

A: Sudden cardiac death (SCD) is a devastating
event which has a profound effect on the families
affected, and it is an ongoing challenge for physicians,

healthcare providers and global economies. Previous
evidence supports the concept that modulation of risk
factors would provide pivotal ways of preventing SCD
in the general population.” However, measurements of
functional capacity, such as CRF, are correlated with risk
for SCD. CRF has been suggested as a strong predictor of
SCD in the population and considered a vital marker in
patient risk assessment.® Our study group has recently
found early evidence on the association between
good CRF and lowered risk of serious ventricular
arrhythmias.” We have also found that a good CRF
may attenuate the risk of SCD in overweight/obese
men, suggesting that a good CRF may reduce the
risk of SCD in high risk subjects.® In our prospective
population study,” VO, , yielded only a modest
improvement in SCD risk prediction, and there was a
slight improvement in the level of discrimination on the
top of cardiovascular risk factors and other confounders.
However, further evidence is needed to know to which
extent the incremental prognostic information offered
by the assessment of CRF aids in risk stratification and
prevention of SCD.

Changing from low to high CRF improves clinical
prognosis

Jari Laukkanen

Q: An adult with high levels of cardiorespiratory
(aerobic) fitness tends to live longer and better. CRF
is known to depend on both genetic traits and regular
exercise pattern. Unfortunately, most of subjects in the
world are either sedentary or have insufficient exercise
to keep or to get high CRF levels. So, from a practical
viewpoint, is it always time to try to adopt an exercise
plan to improve CRF levels or is there an age limit for
this? If a previously sedentary patient gets to improve
the CRF with exercise training, will this have a positive
effect on his/her long-term clinical outcomes?

A: Almost all previously sedentary patients are able
to improve their CRF with exercise training and benefit
from it considering long-term outcomes. We just need to
find the most suitable exercise therapy mode for specific
patient groups.

CRF is related to the ability to transport oxygen from
the lung to the mitochondria during exercise, regardless
of the individual’s age. It is known that CRF depends
on a chain of processes in multiple organs, including
pulmonary ventilation, vascular function, left and
right ventricular function, the ability of the vasculature
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to transport blood from the heart to meet the oxygen
requirements, the ability of muscle cells to use the
oxygen and other essential nutrients delivered by the
blood. Indeed, the efficiency of this system is only partly
related to aging.*

When evaluating existing knowledge in exercise
medicine, we need to know the difference in findings
derived from observational studies as compared with
possible effects of exercise interventions on death,
myocardial infarction and stroke.® An important question
is how physicians should deal with individuals who
have low CRF level. Should we carry out diagnostic
examinations to find out the possibly underlying early
disease stages reducing fitness or should we just prescribe
exercise training to improve CRF and possibly reduce
the risk of death? When comparing the prognosis of
physically active versus inactive individuals to prevent
serious adverse events, we should understand that many
measurable or immeasurable factors are associated with
physical activity level even before the intervention or
follow-up was started.

CREF is related to reduced health costs
Jonathan Myers

Q: Itis widely recognized that a high cardiorespiratory
(aerobic) fitness in middle-aged and older men and
women is strongly related to many important health
outcomes. A substantial amount of years of life and life
to years is gained with regular exercise and, as a natural
consequence, CRF is improved. Additionally, healthier
people tend to use less regular medication and to have
lower chances to be hospitalized for chronic diseases. In
a time of growing interest in reducing and controlling
medical expenses, what is already known about the
relationship between CRF and health costs?

A:Ttis correct that there is a growing body of research
on the impact of CRF and health outcomes, and it makes
intuitive sense that a fitter individual would have
lower healthcare costs. While there has been quite a bit
research performed on the impact of physical activity
patterns (or more often, corporate wellness programs)
on healthcare costs, surprisingly few data are available
regarding the association between fitness and healthcare
costs. In an era in which there is increasing focus on
reducing healthcare costs, it is also surprising that there
has been so little attention paid to the potential impact
of fitness on costs, given that it so powerfully influences
health outcomes.

The effect of fitness on healthcare costs has recently been
documented by the Cooper Institute’ and the Veterans
Exercise Testing Study (VETS).1*!" After controlling for
age and the presence of co-morbidities, these studies
demonstrate that fitter subjects have markedly lower
health care costs compared to those who are less fit. Both
groups observed that each 1-MET higher fitness level
was associated with approximately 5-7% lower annual
costs over lengthy follow-up periods; in the VETS cohort,
this represented =$1,600 USD lower annual health care
costs per higher MET." Much like cardiovascular and
all-cause mortality, a small improvement in fitness has
a considerable effect on costs. In addition to its effect
on health outcomes, improving fitness through regular
physical activity should be encouraged for its potential
to lower health care costs.

Cardiovascular diseases and indication for exercise
training

Claudio Gil Aratjo

Q: According to several institutional guidelines,
exercise training has been recommended as part of the
treatment of patients with coronary artery disease and
heart failure. Notwithstanding, it is possible that patients
with several other cardiovascular disorders could benefit
from exercise training programs. Is it time to extend
exercise training prescription as an important therapeutic
strategy to cardiovascular disorders other than ischemic
heart disease and heart failure?

A: This is 100% true. While there is a large body of
evidence showing many relevant benefits of different
modalities of exercise training (either alone or in
combination with other lifestyle and/or behavioral
interventions) for patients with coronary artery disease
or heart failure, there are also recent observational studies
showing that patients with other cardiovascular diseases
— including valve or vascular patients'? — could also
benefit from exercise training. So, for a given patient with
a specific cardiovascular disorder, the question would be
how to prescribe the most appropriate, individualized
exercise program, with a high benefit-risk ratio based on
functional assessment results. Competent expertise and
knowledge of exercise sciences are basic requirements to
prescribe the best, most viable and individually tailored
exercise regimen.

Indeed, in the clinical scenario, it is very rare to find a

patient to whom all types of exercises would be formally
prohibited or contraindicated. Complete avoidance of
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exercise would always be an exception and it should
be restricted to very special cases and often for a very
limited period of time."

Non-aerobic fitness as a valuable prognostic marker
for all-cause mortality

Claudio Gil Aratjo

Q: For several decades, exercise prescription for
cardiac patients was primarily based on aerobic
exercises, such as slow and brisk walking, running,
cycling, swimming and rowing. Other types of exercise
were undervalued and hence, poorly quantified. This
approach was based on consistent research studies that
identified cardiorespiratory (aerobic) fitness as well as
regular aerobic exercise as strongly related to favorable
healthy outcomes, including better health-related quality
of life and all-cause mortality. More recently, several
studies have shown that non-aerobic fitness is also very
important for health and even possibly associated to
survival. Should non-aerobic fitness be regularly assessed
during physical examination or clinical evaluation?

A: Recently, the American Heart Association has
suggested that the cardiorespiratory (aerobic) fitness,
ideally measured by cardiopulmonary exercise testing,
should be considered as a clinical vital sign.! On the other
hand, there are recent data indicating that, especially
in older subjects, adequate or above the sex- and age-
median values of non-aerobic fitness — muscle strength /
power, flexibility, balance and body composition — are
strongly associated with all-cause mortality.!*!°

Some years ago,’ using the sitting-rising test (SRT) —a
simple, reliable and safe assessment tool for simultaneous
evaluation of the four non-aerobic components of
physical fitness —, we were able to show that low SRT
scores (SRT composite scores from 0 to 3) resulted in a
five times higher mortality in middle-aged and older
subjects in the following six years as compared with
good SRT scores (SRT composite scores from 8 to 10).
Indeed, among those scoring 10 — able to sit and rise
from the floor without showing unsteady performance
and without using hand or knee for support —, the all-
cause mortality rate was extremely low."> More recently,
we have presented preliminary results indicating that
maximal muscle power relative to body weight, one of
the components of both non-aerobic and musculoskeletal
fitness, is also strongly related to all-cause mortality.!

It is interesting to point out that, when comparing
the top and bottom quartiles of data distribution, the

relative risks were extremely high (5 to 10 times higher),
depending on the variable and sex of the subjects. It is
worthwhile to note that these very high relative risks are
considerably higher than those usually seen in studies
on classical risk factors for coronary disease, such as
hypertension, dyslipidemia and family history.

In summary, yes, it is time to incorporate the
assessment of non-aerobic fitness as a valuable clinical
tool in nearly all populations. Perhaps, the recently
published sex- and age- reference values for SRT could
be useful in this context.*®

Isometric handgrip training as an important strategy
to treat hypertension

Philip J. Millar

Q: Some decades ago, adult hypertensive patients
were advised not to carry weights, including grocery
bags or their own children or grandchildren, negatively
affecting their quality of life. Exercises with a significant
isometric (static) component were particularly forbidden.
However, several experimental and epidemiological
studies have shown that resistance exercises were not so
risky and, indeed, could be beneficial for hypertensive
patients. Recently, a special exercise protocol called
isometric handgrip training (IHT) has been proposed
to reduce systolic and diastolic resting blood pressure.
Is there good evidence to recommend IHT to treat
hypertensive patients and if so, is there any group of
patients that will respond more favorably to IHT?

A: Initial fears over completing isometric exercise
were related to the potential for increased blood pressure
responses and increased risk for a cardiovascular event."”
However, short duration isometric contractions at low-
to-moderate intensities (e.g. 1-2 minutes at 30-50% of
maximal voluntary contraction) produce blood pressure
responses in line with those observed during dynamic
aerobic exercise.'”® Also, submaximal isometric exercise
may be associated with a lower rate-pressure product
(less myocardial oxygen demand) and a higher diastolic
blood pressure response (greater coronary perfusion
pressure), which together, would lower the risk of
exercise-induced myocardial ischemia compared with a
similar-intensity dynamic exercise.'®

Over the last 25 years, a number of research groups
around the globe have shown that submaximal IHT (or
isometric leg exercise) can reduce resting blood pressure
in both normotensive and hypertensive populations.
A recent meta-analysis of 16 randomized control trials
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found significant reductions in systolic blood pressure
(~5 mmHg) and mean arterial pressure (~3 mmHg) —
similar reductions to those reported with aerobic exercise
training.”” Reductions in resting blood pressure with
IHT seem to be similar between men and women,' but
whether certain classes of antihypertensive drugs affect
IHT efficacy remains unknown. It is also important to
note that while IHT may lower resting blood pressure,
it is also unclear whether it can modify additional
cardiovascular risk factors (e.g. CRF, insulin sensitivity)
known to be benefited from aerobic exercise.’® As a
result, the present data supports IHT as an adjuvant
exercise-based intervention for hypertensive patients
with indications for a similar-intensity dynamic aerobic
exercise program.

Exercise and sports competition in hypertensive
patients

Josef Niebauer

Q: Until recently, participation in most competitive
sport and/or recreational long-distance events (i.e.,
marathon, triathlons, etc.) was often prohibited for
hypertensive patients, even for well-controlled patients.
Regarding this very practical and relevant clinical
question, where do we stand in 2019? Is it better for
hypertensive patients to avoid sports competition, or is
it possible to give these patients evidence-based advice
and allow them to participate in competitions in a safe
way, in terms of risk for cardiovascular events?

A: Current guidelines of the European Society of
Cardiology advocate regular physical activity as a class
IA recommendation for the prevention and treatment
of cardiovascular disease.?” Nonetheless, competitive
athletes with arterial hypertension may be exposed to an
increased risk of cardiovascular events. Therefore, timely
identification of hypertensive individuals is paramount
in the setting of pre-participation screening, in order to
implement a healthier lifestyle, appropriate management
and follow-up. Therefore, it is not so much a question of
whether or not athletes should train for and participate in
long-distance sporting events, it is more about identifying
and treating arterial hypertension to target levels. Indeed,
it is endurance exercise that has been shown to have the
most beneficial effects not only in hypertensive subjects,
yet another reason to train for and participate in long-
distance races, in those whose blood pressure has reached
normal values, with or without medication. If drugs are
needed, angiotensin-converting enzyme inhibitors and

angiotensin II receptor blockers are the preferred choice
as they do not affect exercise capacity and are not on the
doping list. However, they shall not be given to females
during reproductive years, because of potential adverse
fetal /neonatal effects. While eligibility for competitive
sports may have to be restricted if target organ damage
is present, an athlete with well-controlled blood pressure,
having no additional risk factors or target organ damage,
is eligible for competition in all sports. Details can be
found in Niebauer et al.,* there, a figure can be found on
sport disciplines divided according to acute physiologic
responses (i.e. heart rate and blood pressure) and long-
term impact on cardiac output and remodeling, which
is very helpful when recommendations on the type of
sports have to be given.

Cardiac function and markers after marathon
running: the correct interpretation

Jurgen Scharhag

Q: Popular participation in long-distance mass
events, such as half-marathon, marathon, road cycling,
open-water swimming, IronMan etc, has exponentially
increased the number of participants in the recent years.
Even more interesting, a larger participation of women
and a widening in the age of participants — including
adolescents and very old subjects — has also been noted.
On the other hand, there are several studies suggesting
that cardiac markers of undue stress — both biochemical
and functional - are triggered by prolonged exercise on
the heart of these participants. Do these cardiac markers
have clinical relevance or, placing the question from a
different perspective, should the cardiologist request any
laboratory and imaging tests after the patient completed
a mass, recreational sports event?

A:During the last two decades, an increasing number
of scientific examinations on the effects of endurance
exercise on modern cardiac biomarkers have been
performed. It has been demonstrated that strenuous
endurance exercise usually induces mild increases in
the cardiac biomarkers troponin (Tn) I and T and brain
natriuretic peptide (BNP) and its N-terminal end (NT-
proBNP) in obviously healthy male and female athletes
of all ages. The increases seem to depend on age, training
status, and exercise time and intensity, with higher
increases in older and less trained athletes as well as in
more intensive and longer exercise bouts. Nevertheless,
increases in cardiac biomarkers in cardiovascular
healthy athletes are lower than in patients with acute
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coronary syndromes and cardiac diseases and normalize
within two to three days, and therefore are considered as
physiologic, corresponding to a release from the cytosol
of the cardiomyocyte.??

However, so far clear cut-off values for Tn and BNP/
NTpro-BNP differentiating between physiological and
pathological exercise-induced increases in athletes

without and with cardiac diseases are still missing.
Therefore, exercise-induced increases in cardiac
biomarkers can get clinicians into trouble, and it is
of utmost importance to take clinical symptoms into
consideration and perform additional non-invasive
examinations (e.g. ECG, echocardiography) in unclear
cases, for not to treat the blood test only.
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Invasive Coronary Physiological Assessment in Symptomatic Middle-Aged Endurance

Athletes

Omar M. Issa,~ J. Sawalla Guseh,™ Ignacio Inglessis,
Massachusetts General Hospital, Boston, MA - EUA

Abstract

Despite the health benefits of routine exercise,
coronary artery disease (CAD) is common among older
competitive athletes and is an important cause of sudden
cardiac death. Athletes with suspected or confirmed CAD
routinely undergo conventional coronary angiography
involving the performance of invasive coronary
physiological assessment using the fractional flow
reserve (FFR) or the instantaneous-wave free ratio (iFR).
Data defining the role of invasive coronary physiological
assessment, while robust in general clinical populations,
are untested among older competitive athletes with CAD.
The paper discusses the challenges and uncertainties
surrounding the use of the FFR and iFR in this unique
population with an emphasis on the need for future work
to better define this approach.

Introduction

Although routine vigorous exercise promotes favorable
changes in atherosclerotic vascular risk factors, it cannot
provide complete immunity from coronary artery disease
(CAD), regardless of its level. CAD is common among
older competitive athletes,! and is an important cause of
sudden cardiac death.>® Effective clinical management
of athletes with CAD, much like non-athletic patients,
requires a strategy that integrates lifestyle modification,
pharmacotherapy, and coronary revascularization. Most
athletes with CAD, with diagnosis made by symptoms,

Keywords

Athletes; Adult; Circuit Based Exercise/mortality;
Physical Fitness; Coronary Artery Disease; Fractional Flow
Reserve; Myocardial; Coronary Angiography /methods.

Aaron L. Baggish

abnormal findings during functional testing, or through
the increasing use of computed tomography screening
will undergo conventional coronary angiography. This
method facilitates a definitive determination of coronary
anatomy and provides an opportunity for simultaneous
percutaneous revascularization.

The decision to perform percutaneous coronary
revascularization in competitive athletes depends on
medical therapy options and coronary lesion severity.
For determination of coronary lesion severity, visual
inspection of coronary anatomy has been increasingly
associated with invasive coronary physiology analysis,
which has emerged as a powerful tool to guide
coronary revascularization decisions. Measurement of
the fractional flow reserve (FFR), and more recently,
the instantaneous-wave free ratio (iFR) to assess the
functional significance of angiographically intermediate
coronary stenoses have been shown to improve clinical
outcomes,*” and has been established as the standard of
care for the general population.! However, competitive
athletes represent a population with unique physiology
where these modalities have not been well validated.
Thus, application of data derived from non-athletic
populations has the potential to lead clinicians astray.
This paper examines— the use of invasive coronary
physiological assessment among athletes with coronary
disease, with an emphasis on potential limitations that
arise from the absence of physiologic and outcome data
derived from this specific population.
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Clinical case study

A 49-year-old male marathon runner with many years
with consistent sub-three hour finish times presents
with progressive exertional dyspnea and consequent
reductions in his running pace over a 6-month period.
He also noted a significant increase in race time in the
last marathon three months ago. The atherosclerotic risk
factor profile was marked by the presence of dyslipidemia,
treated with low-dose statin, and a family history of
premature CAD (his father and uncle). He underwent a
maximal symptom-limited exercise test with metabolic
gas exchange on the treadmill that demonstrated a
functional capacity well above the predicted peak value

for age/sex (VO, . = 53.0 ml/kg.min) but experienced

2peak
the described syriiptoms. In conjunction with dyspnea,
there were 1 to 2-mm horizontal ST-segment depressions
across the precordial leads of the exercise ECG, that
emerged near peak exercise and resolved completely by
3 minutes of recovery. Transthoracic echocardiography
demonstrated mild 4-chamber dilatation, preserved
systolic and diastolic left ventricular function, and no

significant valvular disease.

He underwent a conventional coronary angiography,
which revealed a focal 60-70% stenosis by visual
assessment in the proximal left anterior descending
artery. The lesion was further characterized by FFR,
which yielded a value of 0.82. Based on data from the
FAME trials,*® from which an FFR revascularization cut-
point of 0.80 was established, intervention was deferred.
Despite presenting with angina syndrome and objective
evidence of ischemia on functional testing, the patient
was advised that his CAD was not “severe enough” to
justify an intervention and then clinical treatment with
beta-blocker, long-acting nitrate preparation, statin,
and aspirin was initiated. As often observed in athletic
patients, significant undesirable side effects were caused
by the beta-blocker (further reduction in exercise capacity
with no improvement of angina), nitrate (post-exertional
orthostatic intolerance), and statin (myalgia), leading
to treatment noncompliance and discontinuation. He
presented again eight months later after being successfully
resuscitated from cardiac arrest that occurred 100 meters
before the finish line of a large city marathon. Repeat
coronary angiography showed no evidence of plaque
rupture or new lesions, and stable left anterior descending
coronary artery disease both by visual angiography
and repeat FFR. After a discussion with the patient
about management options, the proximal left anterior
descending artery was treated with a drug eluting stent.

Discussion

This case study highlights several areas of clinical
uncertainty regarding the use of invasive coronary flow
assessment in competitive athletes with atherosclerotic
coronary disease. The central uncertainty relates to
whether the guideline-supported decision to forgo
revascularization based on the FFR data initially obtained
from the patient was the appropriate management option.
This question cannot be answered by the available clinical
trial data and underscores the challenges of applying
invasive coronary physiological assessment in patients
who were unrepresented in the literature. Clinical cases
such as this illustrate the need for future investigations
designed to assess the utility of FFR and iFR in athletes.

FFR is a ratio that quantifies the difference between
the proximal and distal blood pressure surrounding
a focal coronary stenosis during adenosine-induced
hyperemia and provides a quantitative assessment of
stenosis severity.’ For example, an FFR of 0.82 obtained
across a focal stenosis of the left anterior descending
artery indicates an 18 % reduction in blood flow distal to
the stenosis under pharmacologically-induced maximal
hyperemia. Although the catheter actually measures
coronary pressure, the hyperemic conditions are thought
to eliminate the effect of the resistance vessels such
that the coronary pressure is essentially equivalent to
coronary blood flow.? The iFR is an increasingly popular
alternative as it obviates the need for adenosine-induced
hyperemia by assessing the flow gradient during a
quiescent period in diastole, when microvasculature
resistance is stable, which allows uniform measurements
during the resting state.’® Accordingly, FFR and iFR
provide insight into the supply component of the
myocardial ischemia supply / demand relationship.

Measurement of FFR or iFR is typically performed
when the severity of angiographic lesion cannot be
visually determined and the decision to proceed with
or to defer revascularization must be made. The use
of FFR/iFR in this context relies on clinical cut-points
or binary “lines in the sand” which differentiate
adequate versus inadequate blood supply. Current
recommendations for FFR/iFR cut-points have emerged
from careful analysis of clinical trial and registry data,*”
with emphasis on hard outcomes including mortality
and the need for future revascularization. Specifically,
FFR and iFR cut-points have been chosen to represent
a lesion severity at which the risk-benefit balance of
percutaneous intervention favored intervention rather
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than conservative management among populations
enrolled in these trials. In the case of the pivotal
Fractional Flow Reserve Versus Angiography for Multi-
Vessel Evaluation (FAME) 1 and FAME 2 trials,** the
study cohorts were predominantly older (median age
of about 65 years old) and male and, in the former, all
patients had multi-vessel CAD with at least two lesions
with > 50% luminal narrowing (Table 1). Both studies
demonstrated an improvement in the incidence of major
adverse cardiovascular events when using a FFR-guided
strategy in stable CAD, FAME 2 being halted prematurely
due to the robust early benefit.*> The key iFR studies,
the Functional Lesion Assessment of Intermediate
Stenosis to Guide Revascularization (DEFINE-FLAIR)
and Instantaneous Wave-free Ratio versus Fractional
Flow Reserve in Patients with Stable Angina Pectoris or
Acute Coronary Syndrome (iIFR-SWEDEHEART) trials,
were comprised of similar population demographics
(Table 1). Both studies demonstrated a non-inferiority
of iFR compared to the gold standard FFR with respect
to major cardiovascular outcomes.®” As is often the case

in clinical sports cardiology, it is prudent to consider
whether care patterns that have emerged from these
clinical trials are universally appropriate for use among
competitive athletes.

An important assumption when applying FFR (and
iFR) cut-points is that they reflect the ischemic threshold
of the population studied, below which coronary supply is
insufficient to meet myocardial demands. It is noteworthy
that endurance athletes have a unique supply/demand
relationship whereby they regularly endure sustained
increases in heart rate, blood pressure, and cardiovascular
workload during training and competition. In doing so,
they far exceed the peak myocardial oxygen demands of
the typical study patients that have been enrolled in the
FFR/iFR cut-point derivation trials. When considering
the high myocardial oxygen consumption and associated
neuro-hormonal activation that is present at times of peak
performance, it is likely that endurance athletes with
focal CAD will experience significant myocardial demand
ischemia despite FFR (and iFR) values that lie above the
traditional cut-points.

Table 1 - A summary of the pivotal trials of invasive hemodynamic assessment

Clinical trial (n) Age

% Male Inclusion / coronary anatomy

64.2 +/-10.2 years
FAME 1 (Angiography group)

Patients with indications for PCI

who had stenosis > 50% in at least

1005 74.0% .
(2009) 64.6 +/-10.3 years (FFR 2 of 3 major coronary vessels
group) *67.4% had stable angina
Patients with stable angina in
63.5 +/- 9.4 years K R
whom PCI was being considered
FAME 2 (PCI group) . .
888 78.2% with at least one functionally
(2018) 63.9 +/- 9.6 years o . .
. significant stenosis as determined
(Medical therapy group)
by FFR < 0.80
Patients with stable angina or
65.5 +/-10.8 years ACS who had an indication for
DEFINE-FLAIR 2492 (iFR group) 75.9% physiologically guided assessment
(2017) 65.2 +/-10.6 years e of a coronary lesion (40 to 70%
(FFR group) stenosis on visual assessment)
*80.2% had stable angina
Patients with stable angina or
67.6 +/- 9.6 years ACS who had an indication for
iFR-SWEDEHEART 2037 (iFR group) 7479 physiologically guided assessment
(2017) 67.4 +/-9.2 years e of a coronary lesion (40 to 80%
(FER group) stenosis on visual assessment)

*62.1% had stable angina

FFR: fractional flow reserve; iRF: instantaneous-wave free ratio PCI: percutaneous coronary intervention; ACS: acute coronary syndrome.
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Demand ischemia during endurance exercise is not
trivial and was identified to be the leading cause of cardiac
arrest during exercise among aging marathon runners in
the Race Associated Cardiac Arrest Registry (RACER).?
It is also noteworthy that in this study, the highest
proportion of these sudden cardiac deaths occurred in
the final stretches of the marathon when runners typically
engage in a “finish-line surge”, suggesting that an
intensity-dependent phenomenon may be precipitating
malignant ventricular arrhythmia and subsequent
cardiac arrest. Overall, these observations suggest
that the risk of a “stable CAD” may not be the same in
endurance athletes as in their less active counterparts.
This may be most pronounced in triathlon participants,
described to have a 2-to-3 fold increase in these events."
This elevated cardiovascular risk, when coupled with the
general unwillingness of these competitors to take anti-
ischemic medications, has the potential to alter the risk/
benefit balance for intervention over medical therapy (or
vice versa) for a given FFR or iFR “cut point.”

Thus, with stakes this high and indecision regarding
the precise role of invasive coronary physiological
assessment in competitive athletes, clinicians should be
cautious in their interpretation of borderline values. It is
within this “grey zone” that measurement uncertainty
increases dramatically,'? and thus acting hastily on one
indeterminate data point may be ill-advised.” For this
reason, functional data from carefully conducted maximal
effort, exercise stress test should be obtained before
coronary angiography whenever possible and should be
considered during the revascularization decision-making
process. Among competitive athletes with documented
evidence of ischemia during prior functional testing,
revascularization of seemingly indeterminate lesions may
be a preferred option over medical therapy as suggested
by a recent European consensus statement (Class Ila).!?
At the present time, ACC/AHA task force guidelines
do not provide a definitive recommendation regarding
revascularization, but endorse restricting athletes with
stable CAD and inducible ischemia to sports with low
dynamic and low to moderate static demands (Class
IIb). Thus, the decision boils down to restriction from
all endurance sports or “elective” revascularization
with a goal of eliminating demand ischemia.'* Despite
this difference between European and American

recommendations, writing committees from both regions
identify inducible ischemia as a high-risk feature among
competitive endurance athletes.

Ultimately, more scientific investigation is needed
to identify accurate FFR and iFR cut-points which
reflect the true risk/benefit balance of percutaneous
revascularization in competitive athletes with CAD.
While we await further data, it is prudent to engage the
athletic patient in a shared-decision making discussion
about medical therapy versus revascularization prior
to catheterization as both strategies have distinct pros
and cons. This approach enables sports cardiologists
and their patients to enter into a clinical decision-
making partnership.!5!® Such sharing of clinical decision
making optimally positions the clinician to make
revascularization decisions with the patient-athlete,
by integrating clinical history, ancillary testing, and
individualized goals of care.
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CLINIMEX Aerobic Fitness Questionnaire: Proposal and Validation

Claudio Gil S. Araujo,™ Claudia Lucia Castro,~ Joao Felipe Franca, ™ Christina Griine de Souza e Silva
Clinica de Medicina do Exercicio - CLINIMEX, Rio de Janeiro, RJ - Brazil

Abstract

Background: Cardiorespiratory (aerobic) fitness is strongly and directly related to major health outcomes, including
all-cause mortality. Maximum oxygen uptake (VO,max), directly measured by maximal cardiopulmonary exercise
test (CPET), represents the subject’s aerobic fitness. However, as CPET is not always available, aerobic fitness
estimation tools are necessary.

Objectives: a) to propose the CLINIMEX Aerobic Fitness Questionnaire (C-AFQ); b) to validate C-AFQ against
measured VO,max; and c) to analyze the influence of some potentially relevant variables on the error of estimate.

Methods: We prospectively studied 1,000 healthy and unhealthy subjects (68.6% men) aged from 14 to 96 years
that underwent a CPET. The two-step C-AFQ describes physical activities with corresponding values in metabolic
equivalents (METs) — ranging from 0.9 to 21 METs.

Results: Application of C-AFQ took less than two minutes. Linear regression analysis indicated a very strong
association between estimated (C-AFQ) and measured (CPET) maximal METs - r2 = 0.83 (Sy.x = 1.63; p < .001) -
with median difference of only 0.2 METs between both values and interquartile range (percentiles 25 and 75) of 2
METs. The difference between estimated and measured METs was not influenced by age, sex, body mass index,
clinical condition, 3-blocker use or sitting-rising test scores.

Conclusion: C-AFQ is a simple and valid tool for estimating aerobic fitness when CPET is unavailable and
it is also useful in planning individual ramp protocols. However, individual error of estimate is quite high,
so C-AFQ should not be considered a perfect substitute for CPET’s measured VO,max. (Int J Cardiovasc Sci.
2019;32(4):331-342)

Keywords: Exercise; Breathing Exercises; Exercise Test; Exercise Therapy; Health Impact; Validation Studies;
Surveys and Questionnaires.
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Perhaps, in a clinical context, there is no other
variable that outweighs aerobic fitness in terms
of relevance to major adverse outcomes such as
cardiovascular, cancer and all-cause mortality,® and
each 1 MET increase in aerobic fitness is associated
with long-term risk reduction of 10 to 15% chance of
dying.>!® Even more interesting, a recent analysis of
important cohorts in United States and Finland has
shown that middle-aged or older men that improve
their aerobic fitness over time tend to substantially
decrease their mortality rate.!3

The gold standard for aerobic fitness determination
is the measurement of maximum oxygen uptake
(VO,max) during maximal cardiopulmonary exercise
test (CPET),”*'® by progressively increasing exercise
intensity in an ergometer, most often a treadmill or a
leg cycle ergometer, until volitional exhaustion, while
collecting and analyzing expired gases. However, despite
the existence of several institutional guidelines,** for
a number of reasons, the use of CPET for quantifying
aerobic fitness remains quite limited around the world
and in Brazil. In this context, non-exercise alternatives
to estimate aerobic fitness could be worth exploring.
Moreover, even when CPET is available, estimating
aerobic fitness would help to plan a more precise ramp
protocol, that is, initial and incremental rate per minute
in watts or speed/slope for a maximal CPET that will
last around 10 minutes."”

In a study with 63 subjects,’® it was found that using
measured VO,max as the gold standard, well-educated
adults were reasonably well capable of classifying
themselves as having much lower, lower, similar,
higher or much higher aerobic fitness of what should
be expected for their sex- and age-matched peers. In a
classical study, researchers' have proposed the Veterans
Specific Activity Questionnaire (VSAQ) to estimate
aerobic fitness, obtaining good association - r = 0.79 -
between VSAQ and measured VO,max. The VSAQ has
been largely used®? and it has been transculturally
adapted to Brazil®* with reasonable results. However,
despite several merits, the VSAQ also has some important
limitations: 1) it was primarily validated in a sample of
middle-aged and old men; 2) the relatively long-time
needed for the subject to read all the 21 lines in order to
classify him(her)self; 3) the upper limited score - 13 METSs
- that excludes many healthy exercisers and athletes;
and 4) the unique one-MET interval across all scales,
potentially losing discrimination for those placed in the
lower range of aerobic fitness.

Therefore, it seems an interesting proposal to develop
a Brazilian questionnaire for estimating aerobic fitness
that would be culturally adjusted to its population and
that would circumvent the main limitations of VSAQ.
The performance of CPET in a well-controlled setting,
in men and women presenting a large age range and
extremes of aerobic fitness, offered an outstanding and
unique research opportunity to prospectively assess the
validity of a new questionnaire, the CLINIMEX Aerobic
Fitness Questionnaire (C-AFQ).

The objectives of this study were: a) to propose the
C-AFQ; b) to validate C-AFQ against the gold standard
measured VO,max; c) to compare the physician’s
statistical error of estimating aerobic fitness by C-AFQ;
and d) to analyze the influence of age, sex, clinical
conditions, regular use of £3-blockers and two non-aerobic
fitness test scores on the error of estimate of aerobic
fitness by C-AFQ.

Methods

Study sample

Prospective data collection started in January 5* 2016
and was planned to continue until data from a total of
1,000 subjects was obtained. As previously defined in the
research design, subjects younger than 14 or athletes® or
those not completing a true maximal cardiopulmonary
exercise test (CPET) were not included in the study.?* In
addition, those with any missing or incomplete relevant
data were also excluded. The final sample of 1,000
subjects was completed in May 7" 2019. The vast majority
of subjects (98%) were white and pertaining to a high
socioeconomic class. All subjects voluntarily went to our
Clinic for the evaluation protocol. Before the evaluation,
all subjects read and signed a specific informed consent
form previously approved by the institutional committee

on ethics in research.

The final sample included 686 men (68.6%) aged
14 to 96 years (mean * standard deviation: 55.2 + 16.4
years). From the total of 1,000 subjects studied, 72.5%
were evaluated for the first time in our Clinic, while the
remaining 27.5% had been evaluated between two and
20 times. Regarding the subjects’ clinical conditions,
22% were considered healthy (no cardiorespiratory
or major diseases reported), 23.3% had a diagnosis of
coronary artery disease, including 12.2% with previous
myocardial infarction, 15.2% that had been submitted
to coronary angioplasty and 5.9% to coronary artery
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bypass grafting. A total of 34.7% were being treated for
arterial hypertension, 40.2% were classified as having
dyslipidemia, and diabetes mellitus was diagnosed in
13.4% of the subjects studied. Regular use of 8-blockers
was reported by 25.6% of the subjects.

Maximal cardiopulmonary exercise test (CPET)

Only four experienced and specialized physicians
directly supervised all maximal CPETs performed
in a proper temperature-humidity controlled room
equipped for providing medical emergency support if
needed. Digital electrocardiogram was continuously
monitored and recorded before, during and for at least
five minutes after the end of the CPET (Micromed
Elite ErgoPC, Brazil).?”?® The ergometer was chosen
according to the subject’s testing objective, whether
for clinical diagnosis, exercise prescription or sport
training advice. Maximal CPET was most often
performed in leg cycling ergometer (85.2%) (Inbramed
CG-04, Brazil) than in treadmill (14.8%) (Inbramed
ATL Master, Brazil) using individual ramp protocols.
For treadmill tests, a constant 0% slope was set
and after one-minute walk at 5.5 km/h, the speed
was quickly increased to 8.0 km/h and thereafter
progressively increased until volitional exhaustion
under strong verbal encouragement. For all CPETs,
individualized rates of exercise intensity — speed or
watts —increment was used. A combination of several
physiological and perceptual criteria was utilized for
characterizing CPET as maximal in both ergometers.??
No major relevant clinical abnormalities occurred
during all 1,000 CPETs performed.

During the CPET, subjects used a nose clip and
breathed through a Prevent mouthpiece in order to collect
expired gas. Calculation of air flow and O, and CO,
expired fraction analysis were carried out in a VO2000
metabolic analyzer (Medical Graphics, United States)
regularly calibrated using known syringe volumes and
two different gas concentrations.

For comparison purposes, VO,max related to body
weight in cycling CPET was predicted according to
age and sex by using the following equations proposed
by Jones et al.*”: men = 60 — 0.55 x age (years) and for
women = 48-0.37 x age (years). For treadmill CPET,
11% was added to this predicted value. All data related
to VO,max - predicted, measured and estimated by
C-AFQ - were reported as METs, where 1 MET = 3.5
mL O, kg”'.min™.

CLINIMEX aerobic fitness questionnaire (C-AFQ)

C-AFQ data were obtained during consultation with
the supervising physician either by objective questioning
or by showing the list of activities and corresponding
METs. C-AFQ was applied in a two-step sequence
following standard instructions (please see footnote of
Table 1 for more details). (see Portuguese C-AFQ version
in supplemental materials). Almost all the corresponding
MET values for each of the listed activities were obtained
from the literature,® with few of them estimated from
other sources or by the authors’ scientific knowledge
and clinical experience.

This two-step approach allowed refining the estimate
of maximal exercise capacity and, consequently, maximal
aerobic power in METs. By applying C-AFQ, it was
possible to estimate aerobic fitness in one or two minutes,
from <1 to>20METs, with 0.5 intervals from 2 to 5 METs
and thereafter, from one in one MET increments up to
20 or more METs.

Other study measurements

Our evaluation protocol was quite comprehensive and
involved several other variables tests. In order to identify
potential influential variables for this particular study,
age, sex, height, weight, waist girth,* sitting-rising test®>*
and maximal muscle power related to body weight in the
upper row movement* were also tabulated and analyzed.

Statistical analysis

Descriptive statistics for continuous variables were
presented as mean and standard deviations or as
median and interquartile range, as well as several other
potentially useful percentiles for data distribution and
frequency distribution for nominal variables. Inferential
statistics analyses were carried out by t-tests or ANOVA
and Tukey’s post-hoc comparisons, depending on the
number of groups compared. Pearson product-moment
correlation coefficients were calculated for assessing
association and best-fit linear regression was used for
data modeling. Statistical significance was set at 5% of
probability and the Prism version 8.1.1 software package
(GraphPad, United States) was used for statistical
calculations and preparation of figures.

Results

Sex- and age-predicted VO,max and measured
(CPET) VO,max were similar, being, respectively,
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Table 1 - Application instructions

1

The C-AFQ (CLINIMEX Aerobic Fitness Questionnaire) should be applied in two steps, to make it faster and more efficient.

The objective of step 1 is to identify the range to which the individual belongs (0 to 10), by asking: - Do you think you can do this?
If the answer is positive, move to the following sentence from the Zone immediately below, until a negative response is obtained.
Otherwise, go back to the previous zone.

To speed up, the interviewer can already pre-select zones, as suggested below
if the individual is less than 40 years old (male) - Zone Line 5

if he is between 51 and 60 years old - Zone Line 4

if he is over 60 - Zone Line 3

Once the correct zone is identified, proceed to step 2
In step 2, the various sub-band options are presented and the individuals should identify which of the sentences he/she believes it
could do (it can be more than one or just one of the sentences).

The estimated aerobic fitness is characterized by the number of METs corresponding to the MET value that contains a sentence with

any exercise or physical activity he/she believes that it will be able to perform.

Table 2 - CLINIMEX - Aerobic Fitness Questionnaire

AEROBIC FITNESS QUESTIONNAIRE [step 1]

Instruction to fill:

Identify the number corresponding to the most intense exercise / physical activity you are likely to do with your current aerobic fitness

(disregarding recent orthopedic problems or other relevant motion limitations)

ZONE Exercise or Physical Activity METs
0 Lying in bed 0.9
1 Sitting: napping, reading, watching television or listening to the radio 1
2 Standing: working, talking, ironing, cooking or attending religious acts/shows/ plays 2
3 Walking at least 1 km or 10 minutes (non-stop) 3.5
4 Running, slowly, one block or 100 meters 6
5 Running, slowly, at least 1 km or 10 minutes (no walking or stopping) 9
6 Running continuously, for up to 40 minutes 12
7 Completing a half-marathon in about 2 hours and a marathon in about 4 ¥2 hours 15
8 Completing a half-marathon in 1h30min-1h40min or a marathon in 3h15min-3h40min 18
9 Completing a half-marathon in 1h20min-1h30min or a marathon in 3h-3h15min 20
10 Running a half-marathon in less than 1h20min or a marathon for less than 3 hours >20

8.41 + 0.08 METs [mean + standard error of the mean]
and 8.56 + 0.12 METs (p = 0.07). However, for a given
individual, measured VO,max could range from
28.8% to 236% of sex- and age-predicted VO,max,
corresponding to differences ranging from -9.6 to 8.3
METs. The correlation coefficient between the sex- and
age-predicted VO,max and measured VO,max was 0.69
(p <0.001).

The minimum and maximum values obtained from
the 1,000 subjects for C-AFQ and measured VO,max
were, respectively, 2 and 21 METs and 1.9 and 20.7 METs,
with interquartile ranges [percentile 25—-percentile 75]
being 6.0-12.0 METs for estimated and 5.6-11.0 METs
for measured aerobic fitness. When comparing the mean
values, a small but statistically significant difference was
found between estimated aerobic fitness - 8.92 + 0.12

334



Aratijo et al. Int J Cardiovasc Sci. 2019;32(4):331-342
335 CLINIMEX aerobic fitness questionnaire Original Article

Table 3 - CLINIMEX - Aerobic Fitness Questionnaire

AEROBIC FITNESS QUESTIONNAIRE [step 2]

Instruction to fill:
Check the maximum or most intense exercise/physical activity that best represents what you would be able to perform with your
current aerobic fitness (disregarding recent orthopedic problems or other relevant motion limitations)

METs  Exercise or Physical Activity ZONE METS

0,9 Lying in bed 0 <1

Sitting: napping, reading, watching television or listening to the radio
Meditating

Sitting: dressing or typing / playing on the cell phone or computer 1 1to1.9

15 Sitting: eating or talking or attending Religious Services or watching games or sports competitions on site
Sitting: playing cards or chess or bathing yourself

Standing: working, talking, ironing, cooking or religious act/show/play
Caring for the elderly / babies or sewing or bathing alone while standing
Participate in Pilates, Hatha Yoga or water aerobics classes (very slow pace)

Maintaining sexual intercourse (more passive and less intense participation)

Walking at a slow pace - 3.6 km/h (60 m/min)
Playing musical instruments (sitting) or singing while standing
2,5 Cleaning the house with non-motorized equipment or devices 2 2t034
Driving cars with manual transmission in local transit
Attending stretching or bodybuilding classes, alternating the exercises with rest breaks

Walking at a normal pace - 4.8 km/h (80 m/min)
Attending Pilates, Hatha Yoga or aqua fitness classes (at a moderate pace)
Singing out loud or playing musical instruments while standing

Maintaining sexual intercourse (more active and very intense participation)

Walking at least 1 km or 10 minutes (non-stop)
35 Car washing or heavy domestic housecleaning
Working with equipment or instruments weighing between 1 and 5 kg

Brisk walking at 6 km/h (100 m/min)

Playing (intense activities) with children or pets

Attending Pilates classes, yoga, dance or aqua fitness classes (at a fast pace)

Engaging in slow dancing activities 3 3.5t05.9

Fast walking at a very fast pace at 6.5-7 km/h (108-118 m/min or 1 km in 8 to 9 minutes)
45 Walking on a slope (up to 3%) *
Playing ball or racquet sports on courts or on the sand for recreational purposes (low intensity)

Walking on a slope (up to 5%) *
5 Brisk walking at 6 km/h (100 m/min) carrying between 5 and 10 kg (child, shopping, equipment and similar)
Engaging in fast dancing activities (ballroom dancing, rock, funk or similar)

Running slowly one block or 100 meters
6 Attending high-intensity workout classes
Pedaling recreationally or pedaling to work/school for up to half an hour

Running at a slow pace for 1 to 3 minutes
7 Walking on moderately inclined trails (5 to 10% on average) * 4 6to 8.9
Engaging in very fast dancing styles (salsa, samba, merengue, tango and alike)

Running at a slow pace for 4 to 6 minutes
8 Playing recreationally or attending a (single) tennis lesson or ball sports for over an hour
Pedaling, outdoors or road, between 16 to 20 km/h or to go to work/school for up to one hour
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Running slowly at least 1 km or 10 minutes (no walking or stopping)
9 Attending spinning or step aerobics classes (low or moderate intensity)
Engaging in martial arts for at least one hour with short breaks only
Running continuously for 10 to 15 minutes
5 9to11.9

10 Running for at least one minute at 10 km/h (167 m/min) outdoors or 10.5 km/h on the treadmill
Pedaling outdoors or on the road at 20 and 25 km/h for up to half an hour

Running at least one minute at 11 km/h (184 m/min) outdoors or 11.6 km/h on the treadmill

11
Attending fast-pedaling spinning or running classes
Running continuously for up to 40 minutes
12 Running for at least one minute at 12 km/h (200 m/min) outdoors or 12.7 km/h on the treadmill
Playing ball sports at very intense pace and for at least 30 minutes without breaks
Running for at least one minute at 13 km/h (200 m/min) outdoors or 13.8 km/h on the treadmill 6 1210149
0 14.
13 Running 10 km in about 1 hour
Pedaling outdoors or on the road at 20 and 25 km/h for more than one hour
14 Running for at least one minute at 14 km/h (233 m/min) outdoors or 14.9 km/h on the treadmill
Running 10 km in 53 to 57 minutes or completing a half-marathon in about 2h15min
15 Running a half-marathon in about 2 hours or a marathon in about 4 % hours
Running for at least one minute at 15 km/h (250 m/min) outdoors or 16 km/h on the treadmill
Running for at least one minute at 16 km/h (266 m/min) outdoors or 17.2 km/h on the treadmill
16 i . X X X . 7 15t0 179
Running a half-marathon in about 1h50min to 1Th55min or a marathon in 4h to 4h15min
17 Running for at least one minute at 17 km /h (283 m/min) outdoors or 18.4 km/h on the treadmill
Running a half-marathon in about 1h40min or a marathon in 3h40min to 4h
18 Running a half-marathon in Th30min to Th40min or a marathon in 3h15min to 3h40min 8 1810199
0 19.
Running for at least one minute at 18 km/h (300 m/min) outdoors or 19.6 km/h on the treadmill
20 Running a half-marathon in 1Th20min to Th30min or a marathon in 3h to 3h15min 9 20
Running for at least one minute at 20 km/h (333 m/min) outdoors or 22 km/h on the treadmill
>20 Running a half-marathon in less than 1h20min or a marathon in less than 3 hours 10 >20

* slope: 1% means climbing 1 meter for every 100 meters walked on flat

METs - and measured aerobic fitness - 8.56 + 0.12 METs
- (p <0.001), with standard error of the mean differences
of only 0.05 METs. The median of the difference between
estimated and measured aerobic fitness was only 0.2
METs with interquartile range from -0.7 to 1.3 METs (see
violin plot in Figure 1). Table 4 describes separately men
and women’s data for some of these results.

A very direct and strong association was found
between estimated (C-AFQ) and measured (CPET)
VO,max values —r=0.91 (p <0.001). Linear regression
analysis found a coefficient of determination or r* value
of 0.833 (p < 0.001) and a standard error of estimate
of 1.54 METs. The scatterplot of 1,000 subject’s data,
identity line and 2-MET individual difference lines are
presented in Figure 2.

Considering that four different physicians have
applied the C-AFQ for the 1,000 subjects, we analyzed
estimated and measured aerobic fitness values and their
respective differences for each one of them in order
to search for any applicant C-AFQ bias. Median and
interquartile measured METs were: physicians 1-8.7
[6.1-11.1], physician 2-6.8 [5.0-9.3], physician 3-7.9
[5.7-11.8] and physician 4-7.7 [4.9-13.7] (p < 0.001).
Despite these quite distinct levels of aerobic fitness in
the subjects evaluated by the four physicians, C-AFQ
values were quite similar among them (p = 0.055) and
multiple comparison analysis identified that the only the
physician’s pair 1-2 significantly differed (Figures 3 and
4) — exactly the two physicians that were in the extremes
of median values for measured aerobic fitness.



Aratijo et al. Int J Cardiovasc Sci. 2019;32(4):331-342

337 CLINIMEX aerobic fitness questionnaire Original Article
w
l—
1]
<
x
©
S
N

(@)
>
©
[}
S
=
(2]}
©
[}
=

Figure 1 - Comparison of estimated (CLINIMEX-Aerobic

Fitness Questionnaire) (METS) and measured (maximal

cardiopulmonary exercise test) VO,max (METS).

Figure 2 - Linear regression and scatterplot of measured

L. L. VO,max (METs) and estimated VO,max (METS) by
Table 4 - Descriptive statistics for men and women for CLINIMEX Aerobic Fitness Questionnaire.

main variables*

Men Women
N 687 313
Age ( ) 56.2+16.5 53.1+16.2
e (years
gelyea [34 - 78] [31 - 75]
. 1751+75 1619+ 7.1
Height (cm)
[165.1 - 184.5] [153.4-171.9]
84.5+14.9 67.0+12.7
Weight (kg)
[68.8 - 103.4] [52.8 - 84.8]
27.5+4.2 25.6+4.9
Body mass index (kg/m?)
[23.0 - 32.5] [20.4 - 31.9]
. 97.5+12.6 85.5+12.9
Waist** (cm)
[83.0-113.7] [70.8 - 103.5]
9.02+3.85 7.54 £3.35
Measured VO, (METs)
[4.5-14.9] [3.5-12.3]
C-AFQ (METSs) 9.35 + 4.02 7.98 +3.62
- s
[4.0-15.0] [3.5-13.0]
) 848 +2.77 826+ 1.86 Figure 3 - Separate comparison of measured VO,max (METs)
Predicted VO, (METs) [49-122] (58 -11.0] and estimated VO,max (METS) by CLINIMEX-Aerobic

Fitness Questionnaire among the four physicians.
Footnote: Boxes represent percentiles 25-75 and whiskers limit
percentiles 10 and 90; central boxes’ line represent median value.

* data expressed as mean * standard deviation and as [percentile 10 -
percentile 90]; ** measured at umbilical level.

In order to analyze the potential influence of several  estimated (C-AFQ) and measured (CPET) VO,max,
other variables in the magnitude of the main result,  dividing the total sample into two subgroups according
we used two different approaches. First, we compared  to sex (men vs. women), clinical condition (healthy
results for the delta METs, i.e., the difference between  vs. unhealthy), regular use of 8-blockers (yes vs. no)
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Figure 4 - Multiple comparisons for the delta METs among
the four physicians.

and ergometer (treadmill vs. cycling). Unpaired t-tests
showed that none of these variables were found to be
relevant in influencing the magnitude of delta METs,
with p-values of 0.31 for sex, 0.52 for clinical condition,
0.21 for B-blocker regular use and 0.05 for ergometer.

In the second approach, a matrix correlation was
calculated. Figure 5 presents the major association results
in the format of a heatmap, in which white boxes indicate
non-significant correlation coefficients and stronger
coloration reflects more association and higher r2 values;
additionally, blue and red color indicated, respectively,
positive and negative correlation coefficients. As
expected, measured VO,max was inversely related to
age — r = -0.63 (p > 0.001). Similar or slightly higher
correlation coefficients were obtained for the associations
between the scores of the two non-aerobic fitness tests
and the measured VO, max.

Regarding delta METs, i.e., the difference between
estimated (C-AFQ) and measured (CPET) VO,max, we

CLINIMEX AFQ

Figure 5 - Heatmap of the associations found for the main study variables.
Footnote: white boxes indicate non-significant correlation coefficients and stronger coloration reflects greater association and higher r-values;
additionally, blue and red color indicate, respectively, positive and negative correlation coefficients.
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found non-significant associations (r values > -0.1 and
<0.1; p>0.05) with age and the anthropometric variables
studied — height, weight, waist and body mass index
(these last two not represented in figure 2). The r-values
between delta METs with other non-aerobic components
of physical fitness, as assessed by SRT scores and maximal
muscle power were, respectively, -0.09 and -0.04, also
suggesting no clinical relevance or implications.

The small but significant and positive associations
found between delta METs and measured METs —
r=0.09 (p < 0.001) — and measured METs expressed as
% sex- and age-predicted METs — r = 0.15 (p < 0.001),
but not with sex- and age-predicted MET — r = -0.04
(p =0.55), indicated that the delta METs slightly tends to
increase for those subjects at an upper range of measured
aerobic fitness. Median [percentiles 25-75] CPET duration
was 11 [8-12] minutes with 75% of all 1,000 CPETs lasting
between 8 and 15 minutes.

Discussion

This study proposed the C-AFQ, a new assessment
tool for non-exercise estimation of aerobic fitness, and
also validated it against the gold standard and criterion
measurement of VO,max obtained during a maximal
CPET. In addition, it explored the potential influence
of several other variables in the magnitude of the delta
METSs between estimated (C-AFQ) and measured
(CPET) VO,max.

The rationale for proposing the C-AFQ was primarily
based on two major needs: a) to have a simple and valid
tool for estimating VO,max for the Brazilian population
when CPET was not feasible or desirable to be carried out;
and b) to obtain subsidies for a better and more precise
planning of an individual CPET ramp protocol.

Regarding the main variable of the study, a small yet
statistically significant difference was found between
both means and medians of estimated and measured
VO,max, being, respectively, 0.38 and 0.2 METs.
However, considering the minimal interval of 0.5 MET
in the C-AFQ scale, these small differences were likely
to be clinically irrelevant and acceptable. It should also
be recognized that in some subjects that were more used
to running than to cycling exercises, the clinical option
(i.e., need for a more precise measurement of exercise
blood pressure) of cycling rather than treadmill CPET
might have produced some overestimation of estimated
VO,max when the C-AFQ was applied, and therefore,
contributed to the modest yet significant difference found

between the means and medians. Additionally, it should
also be mentioned that in some cases, the use of C-AFQ
was limited either by not contemplating some specific
regular exercises, such as primarily swimming and
rowing, or by not being able to offer adequate options and
adjustments for those presenting major motion deficits
or limitations, such as subjects that are wheelchair-
dependent or that have severely limiting arthrosis.

The correlation coefficient of 0.91 observed between
estimated (C-AFQ) and measured (CPET) VO,max in
our 1,000 subjects was quite impressive and higher
than the one reported — r = 0.79 — in the 212 subjects
in the VSAQ's original paper."” Using linear regression
analysis, it was possible to show that C-AFQ explained
83% of the variation in the measured VO,max. However,
it should be pointed out that the standard error of the
estimate was 1.54 METs and that, according to our data
(Figure 2), the error of estimate was +1 and +2 METs
for, respectively, 50% and 78% of the subjects. It is also
relevant to emphasize that, since the C-AFQ values are
based on the subjects’ self-report, it was always likely that
some of these individual differences could be explained
either by self-misevaluation or due to purposeful
misinformation — under or overestimation. So, while, in
general, aerobic fitness assessed by C-AFQ was a quite
good estimator of measured VO,max, at an individual
level, delta METSs could be quite high in a relatively large
portion of the subjects, with relevant clinical implications,
especially when it is known that detraining and training
interventions or conditions would rarely be able to
produce more than 2 METs changes in measured VO,max
and, therefore, within this margin of error of estimate.

The application of C-AFQ and its use in planning
the individual ramp protocol seemed to have been
successful as shown by the profile of CPET duration in
which a median value of 11 minutes was observed and
the large majority of tests ended after 8 to 15 minutes.
An interesting point to comment in our results was the
fact that the mean values for sex- and age-predicted and
measured (CPET) VO,max were quite similar, which
may reinforce the merit in using Jones’ equation® to
CLINIMEX's population. However, it is worth noting
the huge inter-individual variability that ranged from
-9.6 to 8.3 METs or from 28.8% to 236% of sex- and age-
predicted VO,max in the 1,000 subjects studied, which
clearly indicates the limitation of using sex- and age-
predicted VO,max values for planning individual ramp
protocols, much differently than what was observed with
the estimated aerobic fitness obtained by C-AFQ.
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The tool most often used in the literature to
perform non-exercise estimate of aerobic fitness is the
VSAQ."23 Notwithstanding, as briefly mentioned
in our introduction, it has several shortcomings or
limitations and, as recently confirmed, its association
with measured (CPET) VO,max is only moderate.”? For
instance, there are several differences between C-AFQ
and VASQ that may help to explain why our C-AFQ
data presented better association between estimated and
measured aerobic fitness than the original VSAQ data.

The first major difference is the range of exercise
intensities covered in both questionnaires, with the 0.5
MET interval scale adopted in the lower range of the
C-AFQ as compared to 1-MET interval across all VSAQ
scales and the extension of scale to > 20 METs in C-AFQ as
compared with the 13-MET maximal limit in the original
VSAQ, allowing both severely unfit and fitter subjects to
be better quantified and discriminated by the C-AFQ. The
second major difference resides in the two-step approach
used in C-AFQ versus the single-step approach in VSAQ.
Interestingly, although apparently a two-step versus a
single-step approach and the list of 63 activities in step
2 versus only 21 activities in the VSAQ would seem to
be much more complicated, in practical terms, this was
not true. Applying the step 1 of C-AFQ allowed a very
simple and straightforward answer. Indeed, the vast
majority of the subjects would be answering zones 3
to 6 and, according to sex, age and clinical conditions,
an even more limited range could be initially asked by
the interviewer. For example, in 50-year-old apparently
healthy men, the interviewer could start C-AFQ by asking
if they are able to “run, slowly, atleast 1 km or 10 minutes
without stopping or walking” (zone 5). If a negative
response is given, the interviewed would downgrade
to the question in zone 4 — are you able to “run, slowly,
one block or 100 meters?,” otherwise, in case of a positive
response to the first question, the interviewer would
upgrade to zone 6 and the question would be if they were
able to “run, continuously, for up to 40 minutes” and the
questioning would continue until the “best block or zone
number” in step 1 is identified and then following to step
2. Having defined the proper block number in the step 2
of C-AFQ, five and twelve activities are listed according
to exercise intensities estimated in METs. In this sense,
C-AFQ s likely to be easier and faster to apply while still
being more precise and more discriminative than VSAQ
in identifying the subject’s maximal tolerable exercise and
in estimating aerobic fitness (please see a demonstration
video in supplemental materials).*

Interestingly, the delta METs were quite similar among
the four physicians that collaborated with C-AFQ data for
this study. This suggests that adequately trained (after
mastering the application C-AFQ instructions) health
professionals would be able to successfully use C-AFQ
in their practice to estimate aerobic fitness.

Finally, several other associations, at varying degrees,
were found. For the major study variable — delta METs
between estimated (C-AFQ) and measured (CPET)
VO,max — no clinically relevant influence was found
regarding age, sex, height, weight, waist girth, body
mass index, major clinical conditions, regular use of
B-blockers, type of CPET’s ergometer, SRT scores and
maximal muscle power related to body weight. A small
association was found between delta METs and relative
measured METSs expressed as % sex- and age-predicted
METs, indicating a small trend for higher absolute
errors in those exercise practitioners at an upper range
of aerobic fitness. Indeed, from a clinical perspective,
a small error at > 12 METs is much less relevant than a
similar magnitude of error at the lower range of aerobic
fitness. Although it was not among the main objectives
of the study, the presence of a significant yet moderate
association — r values ranging from 0.63 to 0.71 —
between measured (CPET) aerobic fitness and non-
aerobic (SRT or maximal muscle power) fitness, with
all these variables clearly and independently associated
with all-cause mortality,>** is a new finding that should
be further explored in upcoming epidemiological
studies using CLINIMEX's cohort.

This study has several positive points: 1) the
prospective design; 2) the large and varied sample in
terms of sex, clinical condition, ergometer and levels
of aerobic fitness (as often seen in clinical practice); 3)
all data collected under well-controlled conditions by
only four specialized physicians; 4) the use of a gold
standard for criterion validity and; 5) the possibility
of assessing the influence of several other variables,
including results of two assessment tools of non-aerobic
physical fitness. On the other hand, the study also has
some limitations: 1) the sample was primarily comprised
of white subjects with high educational level and/or
upper socioeconomical class; and 2) only four specialized
physicians applied the C-AFQ. Both limitations could
have influenced the external validity of our results and
only future studies with other populations and a larger
number of applicants will be able to show if the present
results can be generalized or not.
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Conclusions

In summary, we concluded that: a) C-AFQ was
successfully applied in a large sample of subjects who
voluntarily underwent CPET; 2b) C-AFQ was valid to
estimate aerobic fitness by four specialized physicians
and could be used as a non-exercise alternative when
maximal CPET is unavailable or cannot be performed;
c) C-AFQ can be very useful to support the planning of
individualized CPET ramp protocols; d) C-AFQ’s error
of estimate of VO,max was clinically too high in some
of the subjects, with a small trend of larger errors in the
upper extremes of aerobic fitness; e) C-AFQ’s error of the
estimate of VO,max was largely independent of age, sex,
major anthropometric measurements, clinical condition,
regular use of $-blockers, type of CPET ergometer and
non-aerobic physical fitness levels.
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Abstract

Background: Peak oxygen consumption (VO,, ) is an important prognostic marker and its classification helps the
cardiologist in the therapeutic decision-making process. The most commonly used cardiorespiratory fitness (CRF)

classification has not been validated for the Brazilian population.

Objective: To elaborate a CRF classification using a Brazilian sample and to compare it with the American Heart
Association (AHA), Cooper and UNIFESP classifications.

Methods: A total of 6,568 healthy subjects were analyzed through cardiopulmonary exercise testing (CPET). They
were distributed by sex and the following age groups (years): 7-12, 13-19, 20-79 (per decades) and > 80 years. After
measurement of the VO, participants were distributed into quintiles of CRF in very poor, poor, moderate, high
and very high (AEMA Table). The CRF classifications by AEMA, AHA, Cooper, and UNIFESP were compared
using the Wilcoxon, Kappa and concordance percentages.

Results: VO,  presented an inverse and moderate correlation with age considering both sexes (R = -0.488,
p < 0.001). All paired comparisons between CRF classification systems showed differences (p < 0.001) and
disagreement percentage - AEMA versus AHA (k = 0.291, 56.7%), AEMA versus Cooper (k = 0.220, 62.4%) and

AEMA versus UNIFESP (k = 0.201, 63.9 %).

Conclusion: The AEMA table showed important discrepancies in the classification of CRF when compared to
other tables widely used in our setting. Because it was obtained from a large sample of the Brazilian population,
the AEMA table should be preferred over other classification systems in our population. (Int J Cardiovasc Sci.
2019;32(4):343-354)
Keywords: Exercise Tests; Oxygen Consumption; Respiratory Function Tests; Exercise; Cardiorespiratory Fitness;
Population Health.
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Introduction

Methods

Cardiorespiratory fitness (CRF) is one of the
main factors associated with general health, and
a valuable predictor of cardiovascular morbidity
and mortality and all-cause mortality.’* Maximal
oxygen uptake (VO, max) may be considered a
“vital sign” in the CRF scenario.? A low CRF is
associated with noncardiovascular clinical conditions
such as depression, dementia,®® breast cancer and
digestive tract cancer.”® Considering the importance
of evaluating CRF, the American Heart Association
(AHA) launched the principles for the construction of
a national registry of the American population.’

The gold-standart method for CRF evaluation is
the direct measurement of expired gases through the
cardiopulmonary exercise testing (CPET), that evaluates
the VO, max or peak VO, (VO
is not always available, VO

2p€ak). Since this instrument

rpea MAY be estimated from
the duration and/or maximal load reached during
the treadmill or cycle-ergometer test and is expressed
as metabolic equivalents (METs).”?* Classification of
VO, max or VO, __, is important in clinical practice, and
pea
may help health professionals to associate individuals’
CRF with cardiovascular risk, and to encourage the

practice of physical exercise/activity.

In Brazil, two classification system have been
usually used in exercise test software, the Cooper
and the AHA systems."” The classification proposed
by the Exercise and Sports Medicine Center (Centro
de Medicina de Atividade Fisica e Desporto) of Sdo Paulo
Federal University (UNIFESP),'® derived from a
regional Brazilian sample, has been not widely used
in our setting. Few years ago, Herdy and Caixeta®
published a table from a population sample of
physically active, healthy individuals from southern
Brazil. In a retrospective study including 2,930
residents of Rio Grande do Sul State, Brazil, Belli et al.,*®
using a treadmill test for estimating VO,max (Bruce
protocol), observed discrepancies in the classification
of CRF between Cooper, AHA and UNIFESP tables.

In this context, the aims of the present study were:
(1) to evaluate to evaluate the concordance between
AHA, Cooper and UNIFESP systems, taking VO
measured by CPET as comparison reference value, and

2peak

(2) to propose a classification table, by sex and age range,
based on a Brazilian sample.

Population

A total of 11,350 individuals referred for diagnosis
and assessment of functional capacity was prospectively
evaluated. CPET was performed in a referral center in
Joao Pessoa, Paraiba State, Brazil, between February
2007 and December 2017. Eighty percent of the patients
were residents of Paraiba State, and 16% were from
other states. Flow chart of patients’ recruitment is
depicted in Figure 1. A total of 4,448 subjects were
excluded; 407 due to the absence of a total blood
count and a echocardiogram. And the other 4,041
for the following criteria: hypertension and use of
anti-hypertensive agents with cardiovascular action
(36.5%), coronary artery disease (26.9%), vasculopathy
(8.9%), valvular heart disease (7.1%), heart failure
(8%), anemia (0.7%), chronic obstructive pulmonary
disease (7.1%) and asthma (0.5%). Also, we excluded
another 311 patients who did not meet the criteria of
maximal CPET or due to disagreement regarding the
VO, value between the two observers, and 23 due
to technical problems (electrical power failure). Thus,
the final sample was composed of 6,568 asymptomatic
individuals; none of them was using medication with
cardiovascular action, and all of them had normal total
blood count, resting 12-lead electrocardiogram, two-
dimensional color flow doppler echocardiography, and
pre-test spirometry, in addition to a CPET without any
finding of pathological significance.

Physical activity level was determined according
to the ACSM guidelines,'' modified by the authors,
as follows: a) physically inactive subjects were those
who did not practice any physical exercise regularly,
those who practiced exercise less than three times
a week, and those who participated in household
and occupational activities that generated energy
expenditure lower than 3.2 METs; b) physically
active were those individuals who practiced exercise
regularly three-six times a week for at least three
months, and those who participated in household
and occupational activities that generated energy
expenditure of 3.2-10.2 METs; c) athletes were those
individuals who practiced sports at a competitive level,
had daily training sessions, and energy expenditure
greater than 10.3 METs. Participants were classified in
one of these categories, based on their answers in the
pre-CPET questionnaire on past practice of physical
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Figure 1 - Flow chart of patients’ recruitment.

Tech. probl.: technical problems.

CPET
n=11,350
Excluded Normal subjects
n =4,448 n = 6,902
Without TBC Disease Excluded
n =407 4,041 n=2334 Study
Sample
Anemia SAH CAD CHF  vasculopathy VHD Asthma  W/o criteria for  Tech. Probl. n = 6,568
n =301 n=1,475 n=1,089 n =324 n =361 n =287 n =204 CPET-n=311 n=23
Male Female
n=3,320 n=3,248

CPET: cardiopulmonary exercise testing; TBC: total blood count; SAH: systemic arterial hypertension (use of drugs with cardiovascular action); CAD:
coronary artery disease; CHF: congestive heart failure; VHD: valvular heart disease; COPD: chronic obstructive pulmonary disease; W/o: without;

exercise/activity (time, regularity, frequency, duration
and intensity), past household and occupational
activities focusing on energy expenditure.

All participants signed the informed consent form. The
study was approved by the ethics committee of Hospital
de Clinicas de Porto Alegre, approval number 13-0474).

Cardiopulmonary exercise testing

A CPET device (Metalyzer 3B; Cortex, Leipzig,
Germany) combined with ErgoPC Elite (Micromed,
Brasilia, Brazil), was used with breath-by-breath
measurements. All CPET procedures were performed
in the same room, with environmental conditions
monitored by an Oregon Scientific BAR 208 HGA
advanced weather station - mean temperature of
24.47° C, relative humidity of 61.33 and atmospheric
pressure of 1009.25 kPa (757 mmHg). Ventilation was
regularly calibrated using a 3L-syringe, to apply the
correction factor for respiratory volume. Measurements
of the oxygen fraction in the expiratory gas (FEO,)
were made through highly accurate (0.1 Vol.%), fast-
response electrochemical cells, and the expired fraction
carbon dioxide (FECO,) was measured using a highly-
sensitive, ND infrared gas analyzer. Calibration of
gas analyzers was made weekly (or according to the
software recommendations), using a known gas mixture
of O, (12%) and CO, (4.99%) balanced with nitrogen.
Ventilatory variables were immediately recorded,

and the means were subsequently calculated every
10 seconds with electrocardiographic monitoring. All
tests were performed using a treadmill ergometer
(Centurion-200 Micromed, Brasilia, Brazil), by the
same cardiologist, specialized in exercise testing from
the Brazilian Society of Cardiology. A ramp protocol
was used, adapted to each participant according
to the medical history, biomechanical analysis and
physician’s expertise, with a planned CPET duration
of 8-12 minutes. The subjects were instructed about
the test protocol and performed a symptom-limited
exercise testing. A modified 10-point Borg scale and
the respiratory quotient > 1.10 were used as criteria for
maximal exercise.?*

Oxygen uptake

Oxygen uptake was determined based on the
agreement between the two specialists in CPET, both
independent and blind to study. Test results were sent
to the investigators, who identified the peak VO, point
on the graph. Peak VO, was measured at the highest
point reached during final stages of maximum effort,
considering a sampling interval of two ten-second
consecutive periods, and one-minute extrapolation
for most participants. For this reason, the term VO,
was adopted throughout the article.?»?2* It is worth
mentioning that most individuals reached the highest
VO, value at the plateau of the curve, regardless of the
increase in workload (VO, max) 2%
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Study Classification

After analysis of CPET results, the 6,568 apparently
healthy subjects were separated by sex and age ranges
(7-12, 13-19, ten-year intervals from 20 to 70, and > 80
years). After the VOZPeak was measured, individuals
were allocated into percentiles and classified into
very poor, poor, moderate, good and excellent CRF
and then compared. This classification was called the
AEMA table.

Statistical analysis

All data were registered in a database by the same
trained, independent investigator. Analysis of these data
was performed using the IBM SPSS statistics 23 (IBM
Company, USA). Continuous variables were described
as mean * standard deviation and categorical variables
in percentage. The Student’s t-test and the chi-square test
were used for comparisons between the distributions
of continuous and categorical variables, respectively.
Correlations of VO, , with continuous and categorical
variables were made using the Pearson’s test and the
Spearman’s test, respectively. Percentage variation
was calculated by VO, values of all individuals by
sex and age range. Subjects were compared for each
table’s (AEMA, AHA, Cooper and UNIFESP) criteria
using the Wilcoxon test, Kappa (k) and percentage of
agreement (%). An error probability (a) < 5% was set
as statistically significant.

Results

The group of patients excluded from the study (n
= 4,782) did not show any differences regarding sex,
age, anthropometric data as compared with the study
population. Demographic data (Table 1) showed a
predominantly urban population, of pardo ethnicity
for both sexes. Regarding educational attainment, most
patients had some high school education, and the family
income ranged from 250 to 750 American dollars. Table
2 shows a uniform sex distribution (50.5% of men), with
mean age of 40 + 14 years for men and 43 + 15 years for
women. Overweight was predominant in both sexes,
and 53.9% of the individuals were physically inactive
(44.9% of men and 63.1% of women). Table 3 describes
total blood count, ejection fraction (by doppler color
flow mapping with two-dimensional echocardiography),
spirometry and CPET results, which guided the selection
of this healthy sample population, and pointed out

maximal CPET results (mean R of 1.23 and 1.21 in men
and women, respectively).

Inaverage, women (49.5% of the sample) showed lower
VOZ]Deak than men (24.42 + 6.7 vs. 33.70 £ 9.0 mL.kg’.min",
p< 0.001). There was an inverse, moderate correlation
between VOZPCak and age in both sexes (R = -0.488,
p < 0.001). Correlation of VOZPeak with family income,
educational attainment and place of residence was
R =0.236; R = 0.293 and R = - 0.180, respectively.
Table 4 shows mean VO,,., in different age ranges
and its percentage variation; a 16.2% increase and
4.0% increase in VO, is observed for men and for
women, respectively in the two first age ranges, with
a descending trend as age increases in both sexes.
Interestingly, such decrease is attenuated in the two
last age ranges among women.

Table 5 shows the comparison between CRF tables,
describing the number and percentage of individuals
with lower, similar and higher CRF. As compared with
the AEMA table, there was an overestimation of CRF by
the AHA, Cooper and UNIFESP classification.

We found a significant difference, and low agreement
between the CRF tables. Table 6 shows the proposed
CRE classification (very poor, poor, moderate, high and
very high) of the AEMA table, with VO
distributed by age and sex.

2peak intervals

Discussion

This is an important population-based study reporting
the functional capacity evaluated by CPET (VO, )
of Brazilian individuals and its relationship with
demographic variables, and that proposes a genuinely
national classification of CRF. The findings of the study
revealed high discrepancies in CRF classification when
AEMA table was compared with AHA, Cooper, and
UNIFESP tables. According to these three classifications,
individuals were classified as having higher CRF, with
disagreement rates of 57%, 62% and 64% when AEMA
was compared with the AHA, Cooper and UNIFESP
tables, respectively. The AEMA table distinguishes from
these three tables, as it includes the age ranges - 7-12,
70-79 and > 80.

Most CRF tables were composed with international
sample data. For this reason, there may be ethnical and
social differences that may affect the classification of
the Brazilian population by these tables. We believe
that external validity of data collected from foreign
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Table 1 - Characteristics of the sample

Variables Male Female
n = 3,320 n = 3,248
None 1.6% 2.1%
Elementary school 11.4% 10.8%
Educational attainment High school 42.4% 43.5%
Higher education 41.8% 41.5%
Postgraduate education 2.8% 2.0%
<1 MW 21% 2.8%
1-3MW 32.5% 39.6%
>3-5MW 29.5% 36.3%
Family income
>5-10 MW 27.3% 151%
>10-20 MW 4.7% 4.7%
>20 MW 4.0% 1.5%
City 95.0% 94.2%
Place of residence
Rural area 5.0% 5.8%
White 41.3% 43.0%
Ethnicity Pardo 52.5% 50.1%
Black 6.2% 6.9%
Minimun Wege: ~ 250 American dollars.
Table 2 - Characteristics of the sample
Male n = 3,320 Female n = 3,248
Characteristics p value
Mean * SD or n (%) Mean * SD or n (%)
Age (years) 40.30 +13.90 42,67 + 1455 0.001
Weight (kg) 81.44 +15.87 67.60 +13.41 0.001
Height (m) 1.71+0.08 1.58 +0.07 0.001
BMI 27.74 +4.77 26.88 +5.07 0.001
Inactive 1,490 (44.9) 2,050 (63.1)
Physical activity Active 1,620 (48.8) 1,140 (35.1) 0.001
Athletes 210 (6.3) 56 (1.7)

BMLI: body mass index; SD: standard deviation; n: number of individuals.
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Table 3 - Total blood count, doppler color flow mapping with two-dimensional echocardiogram, spirometry and
cardiopulmonary exercise testing variables

Male (n = 3,320) Female (n = 3,248)
Variables
Mean +SD Minimum Maximum Mean +SD Minimum Maximum

Hemoglobin (g/dl) 13.8 0.98 12.00 16.90 13.60 0.96 12.00 16.90
Hematocrit (%) 42.7 3.31 37.00 53.10 42.27 3.40 37.10 51.80
Ejection fraction (%) 67.5 6.35 55.00 83.00 66.90 5.90 55.00 85.00
FVC (L) 4.33 1.01 1.76 8.00 3.17 0.85 1.65 6.42
VEF1 (L) 3.69 0.76 1.66 5.81 2.71 0.64 1.36 4.58
VEF1/FVC (%) 86.5 6.64 80.11 104.53 86.68 6.74 81.09 95.85
Speed (km/h) 8.43 1.72 3.60 17.20 7.11 1.83 2.5 16.90
Slope (%) 11.3 3.15 1.00 18.50 9.07 2.61 0.5 16.50
Stress duration (s) 572.3 124.6 313 1,139 530.63 111.2 312 1169
Max HR (bpm) 177.6 14.4 131 210 175.12 14.95 125 210
Max SBP (mmHg) 187.9 23.9 121 259 181.26 21.16 131 256
Max DBP (mmHg) 87.6 12.0 61 132 84.82 10.08 64 126
R 1.23 0.07 1.10 1.71 1.21 0.06 1.10 1.60
Max VE (L/min) 77.6 18.5 33.10 160.30 58.12 18.80 27.80 147.7
VOzpent 33.7 9.0 10.86 71.52 24.42 6.67 10.13 62.69

(mL.kg!.min™)

FVC: forced vital capacity; FEV1: forced expiratory volume in one second; Max HR: maximum heart rate; max SBP: maximum systolic blood pressure;
max DBP: maximum diastolic blood pressure; R: respiratory quotient; Max VE: maximum ventilation; SD: standard deviation.

Table 4 - Distribution of peak oxygen consumption (mean and percentage variation) in 6,568 individuals by age and sex

Men Women
Age range
(years) n VO, Variation n VO,,... Variation
(Mean * SD) (%) (Média + DP) (%)

07-12 32 36.92+74 - 25 28.86+5.8 -
13-19 151 4290+9.1 16.2 107 30.00+7.1 4.0
20-29 543 37.54+83 -125 471 28.24+6.5 -5.9
30-39 969 35.78+9.0 -4.7 874 26.70 + 6.4 -5.5
40-49 853 33.03+7.7 -7.7 759 24.00+ 6.0 -10.1
50 - 59 440 30.10+7.1 -8.9 551 21.84+5.1 -9.0
60 - 69 229 26.10+ 6.4 -13.3 322 19.30+3.9 -11.6
70-79 77 22.06 +4.7 -155 123 17.41+3.7 -9.8
> 80 years 26 19.20 £ 3.4 -13.0 16 16.56 +2.9 -4.9

VO, peak oxygen consumption; SD: standard deviation.
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Table 5 - Comparison between cardiorespiratory fitness tables with the number of individuals classified as having

higher, lower, or similar fitness

Comparison Lower Similar Higher Total Wilcoxon Kappa
n (%) n (%) n (%) n
AEMA vs AHA 1,286 (21.41) 2,604 (43.29) 2,121 (35.30) 6,011 <0.001 0.291
AEMA vs COOPER 458 (7.32) 2,354 (37.55) 3,457 (55.13) 6,269 <0.001 0.220
AEMA vs UNIFESP 0(0.00) 1,968 (36.04) 3492 (63.96) 5,460 <0.001 0.201
AHA vs COOPER 782 (13.60) 2,426 (42.18) 2545 (44.23) 5,753 <0.001 0.274
AHA vs UNIFESP 288 (5.84) 1,199 (24.26) 3457 (69.91) 4,944 <0.001 0.112
COOPER vs UNIFESP 324 (6.23) 2,738 (52.62) 2,140 (41.14) 5,202 <0.001 0.361

populations or from small samples should be tested
in Brazilian people, since the mere extrapolation of
data may lead to serious errors.” In addition, different
methods used for VO, estimation (mostly by mostly
by treadmill test rather than CPET), the criteria used for
CREF classification, and different ages of the populations
may have contributed to the discordant results of our
study. In Cooper’s classification,'® proposed with data
from individuals aged older than 13 years, regardless
of physical activity level, oxygen consumption was
estimated by the maximal duration of the modified
Balke protocol. This classification was based on small
studies that reported a correlation between test duration
and oxygen consumption of 0.92 for men* and 0.94 for
women.? The UNIFESP classification'® was based on
physically inactive, apparently healthy individuals (311
men and 187 women) aged between 20 and 59 years,
with adjustment of the curve VO, vs. age and direct
measurement of oxygen consumption by CPET.

It is of note that, despite its wide use, there is no
original publication in the literature demonstrating that
the AHA classification table was actually developed by
the AHA. After an exhaustive search in the literature, and
even making contact with members of the Association,
we did not find any original article published in indexed
journals or any document issued by the AHA. All we
know is that the supposed AHA classification for CRF
was developed with individuals of both sexes, aged
between 20 and 69 years.

More recently, a nationwide classification system was
published by Herdy and Caixeta.” The authors studied
only individuals described as physically active, with
no correlation with demographic data, which made

it impossible to compare their data with ours. Also,
generalization of results was limited due to the fact that
the authors excluded physically active subjects as well
as healthy obese individuals, since these characteristics
(sedentary lifestyle and obesity) are present in a large
proportion of the Brazilian population.

The AEMA table derived from a sample predominantly
(84% of the sample) composed of residents of the northeast
region of Brazil, with proportional representation
of variables such as sex and physical activity level,
comparable to the general population. Clear and strict
criteria used in the methodology and the measurement of
the VO

2peak

by the CPET (individualized ramp protocol),
make this classification system an attractive instrument,
with high potential to be used in clinical practice. It is of
note that not only the differences observed in the study
group but also the method used in the study seem to
explain the different results obtained in comparison with
those of the other tables.!¢18

The AEMA table include children aged between 7 and
12 years old; this age range is not included in the other
tables, and hence a direct comparison in this age group
was not possible. It is worth pointing out that in this age
group, there was a high percentage of physically inactive
(62.5%), overweight children, and with a family income
of three minimum wages (67.5%). Rodrigues et al.,?
evaluated 380 school children aged 10-14 years attending
public schools. Mean VO
and 12 years was 43 mL.kg".min (boys) and 38 mL.kg™".

oea N Children aged between 10
pea

min™ (girls); mean BMI was 17 for boys and 18 for girls. In
our study, in children aged 10-12 years, mean VO, was

37 and 29 mL.kg’.min™ for boys and girls, respectively.
A possible explanation for such difference may be related
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Table 6 - Classification of cardiorespiratory fitness - AEMA table
Men
7-12 13-19 20-29 30-39 40-49 50 - 59 60 - 69 70 -79 = 80

Classification Percentile years years years years years years years years years

(n =32) (n = 151) (n = 543) (n = 969) (n = 853) (n = 440) (n = 229) (n=77) (n = 26)
Very poor <20 <2877 <34.76 <29.79 <2857 <26.53 <24.23 <20.61 <1826 <16.11
Poor 40 28.78-35.30 34.77-39.73 29.80-34.41 28.58-32.73 26.54-30.43 24.24-27.75 20.62-23.79 1826-20.64 16.12-17.20
Moderate 60 35.31-3821 39.74-44.60 34.42-3851 32.74-37.08 30.44-3430 27.76-3129 23.80-27.08 20.65-22.22 17.21-19.04
High 80 38.22-44.64 44.61-50.10 3852-42.76 37.09-42.58 34.31-39.07 31.30-35.56 27.09-31.00 22.23-25.64 19.05-22.76
Very high 100 > 44.65 >50.10 >42.76 >42.58 >39.07 > 35.56 >31.00 >25.64 >22.76
Women

7-12 13-19 20-29 30-39 40 - 49 50 - 59 60 - 69 70-79 = 80

Classification Percentile years years years years years years years years years

(n = 25) (n =107) (n =471) (n = 874) (n = 759) (n = 551) (n =322) (n =123) (n = 16)
Very poor <20 <23.00 <2490 <23.15 <21.61 <19.22 <17.63 <1595 <14.18 <13.97
Poor 40 23.01-26.20 24.91-27.80 23.16-26.05 21.62-2442 19.23-21.92 17.64-20.16 15.96-18.13 14.19-1595 13.98-15.87
Moderate 60 26.21-29.23 27.81-30.44 26.06-29.00 24.43-2710 21.93-2454 20.17-22.33 18.14-20.04 1596-17.78 15.88-17.25
High 80 29.24-35.15 30.45-35.0 29.01-33.00 27.11-30.51 24.55-27.92 2234-2525 20.05-2229 17.79-2090 17.26-19.11
Very high 100 >35.15 >35.00 >33.00 >30.51 >27.92 >25.25 >22.29 >20.90 >19.11

to higher rates of physically inactive subjects, and a
higher BMI in our sample.

A Norwegian study? including 759 physically active
individuals aged from 20 to 85 years reported higher
VO

2peak
could be explained by the greater proportion of inactive

values compared with our results. Again, this

and overweight/obese subjects in our population.
However, in a Canadian study by Nelson et al.,*

involving 816 active men, VO, _ was similar to our study

2peak
group classified as physicallyp active.

When individuals in the age group of 7-12 years were
compared with those in the age range immediately above,
there was a mean VO, increase (positive percentage
variation - Table 4). This seems to be associated with
the lower capacity of young individuals in performing
work, due to structural limitations of cardiorespiratory
system (lower height), and lower anerobic production
of ATP.®% Analysis of VO,,., in ten-year periods
showed an expressive decrease from 50 years old on
among men. Such decrease occurred from 40 years on
among women and attenuated at the age of 80. We also

observed a regular, inverse correlation between age and
VOzpeak in our study (r = -0.488), which are similar to the
findings reported by Jae et al. (r =-0.501).° In an AHA
document, Arena et al.,* reported that VOZ]Deak can decline
approximately 10% per decade in nonathletic subjects,
varying from 3% to 6% per decade in individuals aged
between 20 and 30 years. In our study, we observed an
average decrease of 10.8% in male and 8.1% in female
subjects in individuals older than 20 years, with faster
decline in men, as shown by Weiss et al.*?

It is important to highlight that data of more than
18,000 CPETs have been recently published. In this
large retrospective study, all tests were performed in a
chain of a Brazilian laboratory in the state of Sdo Paulo.®
CPET had been performed for check-up examination
and all individuals had normal resting and exercise
electrocardiography tests. Despite a robust sample, Rossi
Neto etal.,* studied a highly selected group of patients as
reported by the authors themselves in their manuscript.®
Thus, these data may not represent the actual CRF of the
Brazilian population.
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Considering the CRF classification per se, each
classification system has its own particularities. Cooper
classification system included individuals aged older
than 13 years, regardless of the physical activity
level.'> The AHA table was composed of subjects aged
between 20 and 69 years, physically active or not.'
Finally, the UNIFESP table selected only physically
inactive individuals aged between 20 and 59 years."”
In the AEMA table, 6,011 individuals were allocated to
different age ranges and compared with the AHA s table.
A discrepancy of 56.7% (higher or lower CRF) was
found, in addition to a low agreement (Kappa 0.291).
When the AEMA classification was compared with the
Cooper classification, 6,269 subjects were allocated,
with a disagreement of 62.4% and low agreement
(kappa 0.220). Finally, in the UNIFESP classification,
5,460 individuals were allocated, with disagreement
of 63.9% and kappa of 0.201. It is of note the high
percentage of disagreement in the CRF level of the
three tables compared with the AEMA classification
(56.7 - 63.9%, p < 0.001). These findings seem to be
explained by the difference between study populations
and by the presence of genetic factors.!*3 Regarding
ethnicity, our sample was characterized by a mixed
population, representing white, black and Indian
ethnicities, comparably to IBGE (Brazilian Institute
of Geography and Statistics) data.* No difference
between the sexes was found regarding educational
attainment, family income, place of residence, physical
activity level. In addition, different methods to estimate
VO,,... were used between the CRF classification
systems. While VO,
duration in Cooper and AHA tables, in our study, this

was estimated by exercise

parameter was measured during CPET, and was not
estimated by formulas. Previous data published by our
group showed that oxygen consumption equations,
such as Wasserman’s and Jones’ equations, may
overestimate the oxygen consumption by 11.3% and
31.4%, respectively. UNIFESP classification included
physically inactive individuals aged between 20 and
59 years. Although this table was also composed using
data from the Brazilian population, comparison between
this table with the AEMA table revealed the greatest
revealed the greatest discrepancy (63.9%). Discrepancy
(63.9%). This may be explained by the fact that, in
the age ranges of 40-49 and 50-59 years, the values of
oxygen consumption were the same for the classification
scale, affecting the agreement between the CRF levels.®
Therefore, considering the distribution of our study

population by CRF levels, there was disagreement in
CREF classification by the AEMA table compared with
the AHA, Cooper and UNIFESP classifications.

It is worth mentioning that the treadmill or cycle-
ergometer test evaluates clinical, hemodynamic,
autonomic, electrical and metabolic responses to exercise.
Information about CRF guides the medical staff to inform
patients and family members about aerobic fitness of the
subjects, prescribe exercise and evaluate their prognosis.?
Since the present study showed a great discrepancy
in CRF classification between the AHA, Cooper and
UNIFESP tables compared with the AEMA table, our
findings may be relevant for clinical practice in different
ergometric laboratories in Brazil. Our proposed table
provides a more accurate classification of CRF compared
with other tables derived from foreign populations,
since it was developed with Brazilians’ data, thereby
eliminating possible biases of international tables.

Limitations

Since data collection was not performed in all
federated states of Brazil, the possibility that our findings
may not have external validity throughout the country
cannot be ruled out. However, the sample was composed
of individuals coming from all the country (84% from
Paraiba State and 16% from other states), of different
ethnicities and multiracial background, which we known
as a mixed-race, national sample. It is worth pointing out
that comparison of our data with data matched by IBGE
age groups, we did not find any difference (p = 0.401),
including a similar distribution by sex.* Our sample
showed a higher prevalence of overweight subjects,
which is in accordance with data reported by 2012
Vigitel* (i.e., 51% of the Brazilian population). Also, the
prevalence of individuals that practice regular physical
exercise or exercise on the way to work is 47.7%,* which
is similar to our population.

The low number of individuals aged between 7 and 12
years may be explained by the low frequency of clinical
indication of CPET at this age range. On the other hand,
at the age of 80’s, there were few people who were
healthy and met all inclusion and exclusion criteria of the
present study. Nevertheless, despite this limitation, we
believe that it is important for the clinician to have initial
reference values for this age group. Finally, all CPETs
were performed using a treadmill, and the applicability
of our findings to a cycle ergometer should be tested.
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Conclusion

The AEMA table showed important discrepancies
when compared with the AHA, Cooper and UNIFESP
tables, which are widely used instruments for CRF
classification in our setting. We propose the use of the
AEMA table, which was constructed with data from
a large sample (predominantly regional, though) of
the Brazilian population in centers and laboratories
where the treadmill exercise testing is test is performed
throughout the country.

Author contributions

Conception and design of the research: Almeida AEM,
Ribeiro JP, Stein R. Acquisition of data: Almeida AEM,
Santander IRMF, Nascimento JA, Agnaldo do Nascimento
], Stein R. Analysis and interpretation of the data: Almeida
AEM, Santander IRMF, Campos MIM, Nascimento JA,
Agnaldo do Nascimento J, Stein R. Statistical analysis:
Almeida AEM, Campos MIM, Nascimento JA, Agnaldo do

References

1. Kodama S, Saito K, Tanaka S, Maki M, Yachi Y, Asumi M, et al.
Cardiorespiratory fitness as a quantitative predictor of all-cause mortality
and cardiovascular events in healthy men and women: a meta-analysis.
JAMA. 2009;301(19):2024-35.

2. Franklin BA, McCullough PA. Cardiorespiratory fitness: an independent
and additive marker of risk stratification and health outcomes. Mayo
Clin Proc. 2009;84(9):776-9.

3. Gulati M, Pandey DK, Arnsdorf MF, Lauderdale DS, Thisted RA,
Wicklund RH, et al. Exercise capacity and the risk of death in women:
the St James Women Take Heart Project. Circulation. 2003;108(13):1554-9.

4. Myers], Prakash M, Froelicher V, Do D, Partington S, Atwood JE. Exercise
capacity and mortality among men referred for exercise testing. N Engl
J Med. 2002;346(11):793-801.

5. Sui X, Laditka JN, Church TS, Hardin JW, Chase N, Davis K, et al.
Prospective study of cardiorespiratory fitness and depressive symptoms
in women and men. J Psychiatr Res. 2009;43(5):546-52.

6. Liu R, Sui X, Laditka JN, Church TS, Colabianchi N, Hussey J, et al.
Cardiorespiratory fitness as a predictor of dementia mortality in men
and women. Med Sci Sports Exerc. 2012;44(2):253-9.

7. Holmes MD, Chen WY, Feskanich D, Kroenke CH, Colditz GA.
Physical activity and survival after breast cancer diagnosis. JAMA.
2005;293(20):2479-86.

8. Peel JB, Sui X, Matthews CE, Adams SA, Hébert JR, Hardin JW, et al.
Cardiorespiratory fitness and digestive cancer mortality: findings from
the Aerobics Center Longitudinal Study. Cancer Epidemiol Biomarkers
Prev. 2009;18(4):1111-7.

9. Kaminsky LA, Arena R, Beckie TM, Brubaker PH, Church TS, Forman
DE, et al. The importance of cardiorespiratory fitness in the United States:
the need for a national registry: a policy statement from the American
Heart Association. Circulation. 2013;127(5):652-62.

Nascimento J, Stein R. Writing of the manuscript: Almeida
AEM, Ritt LEF, Belli KC, Stein R. Critical revision of the
manuscript for intellectual content: Almeida AEM, Ritt
LEF, Belli KC, Stein R.

Potential Conflict of Interest

No potential conflict of interest relevant to this article
was reported.

Sources of Funding

There were no external funding sources for this study.

Study Association

This study is not associated with any thesis or
dissertation work.

Ethics approval and consent to participate

This article does not contain any studies with human
participants or animals performed by any of the authors.

10. Meneghelo RS, Aratjo CGS, Stein R, Mastrocolla LE, Albuquerque PF,
Serra SM, et al. Ill Diretrizes da Sociedade Brasileira de Cardiologia sobre
Teste ergométrico. Arq Bras Cardiol. 2010;95(5 supl.1):1-26.

11. Whaley MH, Brubaker PH, Otto RM, Armstrong LE. ACSM’s guidelines
for exercise testing and prescription . 7th ed. Philadelphia: Lippincott
Williams & Wilkins; 2006.

12. Strath SJ, Kaminsky LA, Ainsworth BE, Ekelund U, Freedson PS, Gary
RA, et al. Guide to the assessment of physical activity: Clinical and
research applications: a scientific statement from the American Heart
Association. Circulation. 2013;128(20):2259-79.

13. Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Basset Jr
DR, Tudor-Locke C, et al. 2011 Compendium of physical activities:
a second update of codes and MET values. Med Sci Sports Exerc.
2011;43(8):1575-81.

14. Myers ], Nead KT, Chang P, Abella J, Kokkinos P, Leeper NJ. Improved
reclassification of mortality risk by assessment of physical activity in
patients referred for exercise testing. Am J Med. 2015;128(4):396-402.

15. Artero EG, Jackson AS, Sui X, Lee DC, O’Connor DP, Lavie CJ, et
al. Longitudinal algorithms to estimate cardiorespiratory fitness:
associations with nonfatal cardiovascular disease and disease specific
mortality. ] Am Coll Cardiol. 2014:63(21);2289-96.

16. Blair SN, Kohl HW 3rd, Paffenbarger RS Jr, Clark DG, Cooper KH,
Gibbons LW. Physical fitness and all-cause mortalitya prospective study
of healthy men and women. JAMA. 1989;262(17):2395-401.

17. Marins JCB, Giannichi RS. Avaliagdo & prescrigdo de atividade fisica:
guia pratico. 3* ed. Rio de Janeiro: Shape; 2003.

18. Barros Neto TL, Cesar MC, Tambeiro VL. Avaliagdo da aptidao fisica
cardiorrespiratéria. In: Ghorayeb N, Barros Neto TL. O exercicio:
preparacao fisiolégica - avaliagdo médica - aspectos especiais e
preventivos. Sdo Paulo: Atheneu; 1999. p. 15-24.

352



353

Almeida et al.

Cardiorespiratory fitness classification

Int J Cardiovasc Sci. 2019;32(4):343-354
Original Article

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Herdy AH, Caixeta A. Brazilian cardiorespiratory fitness classification
based on maximum oxygen consumption. Arq Bras Cardiol.
2016;106(5):389-95.

Belli KC, Calegaro C, Richter CM, Klafke JZ, Stein R, Viecili PRN.
Cardiorespiratory fitness of a brazilian regional sample distributed in
different tables. Arq Bras Cardiol 2012;99(3):811-7

Guazzi M, Adams V, Conraads V, Halle M, Mezzani A, Vanhees
L, et al. Clinical recommendations for cardiopulmonary exercise
testing data assessment in specific patient populations. Circulation.
2012;126(18):2261-74.

Edvardsen E, Hansen BH, Holme IM, Dyrstad SM, Anderssen SA.
Reference values for cardiorespiratory response and fitness on the
treadmill in a 20- to 85- year-old population. Chest. 2013:144(1):241-8.

Nelson MD, Petersen SR, Dlin RA. Effects of age and counseling on the
cardiorespiratory response to graded exercise. Med Sci Sports Exerc.
2010;42(2):255-64.

Wasserman k, Hansen JE, Sue DY, Stringer WW, Whipp BJ. Principles
of exercise testing and interpretation. 4th ed. Philadelphia: Lippincott
Williams & Wilkins; 2005.

Aspenes ST, Nilsen TI, Skaug EA, Bertheussen GF, Ellingsen O, Vatten L,
etal. Peak oxygen uptake and cardiovascular risk factors in 4631 healthy
women and men. Med Sci Sports Exerc. 2011;43(8):1465-73.

Vilar6 J, Resqueti VR, Fregonezi GAF. Clinical assessment of exercise
capacity in patients with chronic obstructive pulmonary disease. Rev
Bras Fisioter. 2008;12(4):249-59.

Pollock ML, Bohannon RL, Cooper KH, Ayres JJ, Ward A, White SR, et
al. A comparative analysis of four protocols for maximal treadmill stress
testing. Am Heart J. 1976;92(1):39-46.

Pollock ML, Foster C, Schmidt D, Helmann C, Linnerud AC, Ward
A. Comparative analysis of physiologic responses to three different
maximal graded exercise test protocols in healthy women. Am Heart J.
1982;103(3):363-73.

Rodrigues AN, Perez AJ, Carletti L, Bissoli NS, Abreu GR. The association
between cardiorespiratory fitness and cardiovascular risk in adolescents.
] Pediatr. 2007;83(5):429-35.

Jae SY, Heffernan KS, Fernhall B, Lee MK, Choi YH. Cardiorespiratory
fitness is inversely associated with inflammatory and fibrinolytic markers
in patients with type 2 diabetes. Circulation. 2007;116 (Suppl 16):800.

31

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

Arena R, Myers J, Williams MA, Gulati M, Kligfield P, Balady GJ, et al.
Assessment of functional capacity in clinical and research settings: a
scientific statement from the American Heart Association Committee
on Exercise, Rehabilitation, and Prevention of the Council on Clinical
Cardiology and the Council on Cardiovascular Nursing. Circulation.
2007;116(3):329-43.

Weiss EP, Spina R], Holloszy JO, Ehsani AA. Gender differences in the
decline in aerobic capacity and its physiological determinants during
the later decades of life. ] Appl Physiol. 2006;101(3):938-44.

Rossi Neto JM, Tebexreni AS, Alves ANF, Smanio PEP, de Abreu
FB, Thomazi MC, et al. Cardiorespiratory fitness data from 18,189
participants who underwent treadmill cardiopulmonary exercise testing
in a Brazilian population. PLoS One. 2019:14(1):e0209897.

Cooper KH. Correndo sem medo. Rio de Janeiro: Nérdica; 1985.

Fleg JL, Pifa IL, Balady GJ, Chaitman BR, Fletcher B, Lavie C, et al.
Assessment of functional capacity in clinical and research applications: an
advisory from the committee on exercise, rehabilitation, and prevention,
council on clinical cardiology, American Heart Association. Circulation.
2000;102(13):1591-7.

Steene-Johannessen J, Kolle E, Anderssen SA, Andersen LB.
Cardiovascular disease risk factors in a population-based sample
of Norwegian children and adolescents. Scand J Clin Lab Invest.
2009;69(3):380-6.

Davis JA, Storer TW, Caiozzo V], Pham PH. Lower reference limit for
maximal oxygen uptake in men and women. Clin Physiol Funct Imaging.
2002;22(5):332-8.

Jones NL, Summers E, Killian K]J. Influence of age and stature on exercise
during incremental cycle ergometry in men and women. Am Rev Respir
Dis. 1989;140(5):1373-80.

Instituto Brasileiro de Geografia e Estatistica. (IBGE) [internet]. Censo
Demografico 2010 [acesso em 27 jul 2018]. Disponivel em: https:/ / ww2.
ibge.gov.br/home/ estatistica/ populacao/ censo2010/ default.shtm

Almeida AEM, Stefani CM, Nascimento JA, Almeida NM, Santos AC,
Ribeiro JP, et al. An equation for the prediction of oxygen consumption
in a brazilian population. Arq Bras Cardiol. 2014;103(4):299-307.

Brasil. Ministério da Satide. Secretaria de Vigilancia em Satde.
Departamento de Vigilancia de Doengas e Agravos Nao Transmissiveis
e Promogao de Satide. Vigitel Brasil 2012: vigilancia de fatores de risco e
protegao para doengas cronicas por inquérito telefonico. Brasilia; 2013.

This is an open-access article distributed under the terms of the Creative Commons Attribution License



Int J Cardiovasc Sci. 2019;32(4):343-354

Original Article

Almeida et al.

Cardiorespiratory fitness classification

Appendix I - General characteristics of the sample by age range

Age Range
Variables

07-12 13-19 20-29 30-39 40 - 49 50 - 59 60 - 69 70 - 79 > 80
Sex Male
N 32 151 543 969 853 440 229 77 26
Age 10.65+1.4 16.66+£19  2540+29  3452+28  44.04+28 53.74+28 63.70+2.8  73.58+28 82.67+25
Weight (kg)  51.87+10.5 7293 £18 81.90 + 16 84.20 £ 16 83.47 £ 14 80.49 £ 12 76.75 £ 15 68.98 + 10 66.9 +11
Height (em) 151.0+0.08 173.6+0.7 1745+0.1 172.9+0.1 1711+£0.1 1684+0.1 1655+0.1 162.3+£0.1 161.8+0.1
BMI 22.64+321 2410+53  27.05+5.1 2822+4.8 2842+43 2845+46 2790+46 2627+3.6 2545+3.6
Inactive (%) 52.20 28.70 37.10 45.00 43.80 47.40 43.20 54.90 54.20
Active (%) 47.80 57.40 54.50 44.90 50.20 48.30 54.70 43.70 45.80
Athlete (%) - 13.90 8.40 10.10 6.00 4.30 2.10 1.40 -
VOchak 36.92+7.4 4290+9.1 37.54 +8.3 35.78+9.0 33.03+7.7 3010+7.1 26.10 £ 6.4 22.06+47 1920+34
Sex Female
N 25 107 471 874 759 551 322 123 16
Age 9.82+1.7 16.73+1.8 2519+2.9 34.53£2.9 4442 +28 5423+28 6421+28 73.44+27 8340+29
Weight (kg)  51.69 +12.9 61.43+18 65.62 + 14 67.46 £13 69.25 £ 12 69.03 £ 12 64.82 £ 10 62.90 £ 10 57.13 £10
Height (cm)  147.7+0.11  163.1+0.8  162.8+0.6  160.6+0.1 1585+0.1 1563+0.1  152.8+0.1 151.5£0.1  152.1£0.0
BMI 23.58 +4.5 23.01+61  2483+51 2614+50 2759+50 2823+5.0 27.85+4.6 2739+42 2473140
Inactive (%) 76.50 68.80 61.00 61.00 62.50 61.00 62.90 71.60 46.70
Active (%) 23.50 27.50 36.00 35.80 34.60 37.50 37.10 28.40 53.30
Athlete (%) - 3.80 2.90 3.20 2.90 1.50 - - -
VO 28.86+5.8 30.00+71 2824+65 2670+64 2400+60 21.84+51 1930+39 1741+3.7 16.56+2.9

2peak

BMLI: body mass index; VO,,,,: peak oxygen consumption.
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The Physical Activity Level, Body Composition and Diabetes Mellitus Influence the
Association Between Depression and Hypertension in Community-Dwelling Elders
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Universidade Estadual do Sudoeste da Bahia (UESB)," Jequie, BA - Brazil

Abstract

Background: Depression and hypertension are highly prevalent among elderly people. Although the relationship
between these conditions is well recognized, however, the factors that may influence such association are not
clearly understood.

Objective: To analyze the association between depression and hypertension in community-dwelling elders.

Methods: Two-hundred and thirty-one community-dwelling elders provided information regarding the following
variables: sex, age, ethnicity, smoking habit, physical activity level (PA), body mass index (BMI) and diabetes
mellitus (DM). These variables can potentially influence depression and hypertension, as well as its relationship.
Screening for depression was made using the Geriatric Depression Scale (GDS). The presence of hypertension was
defined based on self-reported data and/or the use of antihypertensive drugs. The logistic regression technique
was applied, using hypertension as the dependent variable and depressive state as a predictive variable. Logistic
regression was applied with and without adjustment for the potential intervening variables.

Results: The prevalence of depressive state and hypertension in the studied population was 14% and 59%,
respectively. The association between depression and hypertension without adjustments was not significant
(odds ratio [OR] = 2.28, 95% confidence interval [95%CI] = 0.98 - 5.32; p = 0.06). However, after adjusting for PA,
BMI and DM, the strength of association between depression and hypertension significantly increased (OR = 3.08,
95%CI = 1.12 - 8.46; p = 0.03).

Conclusion: The association between depression and hypertension in the elderly is directly influenced by PA, BMI
and DM. This finding may guide strategies to increase the adherence to a healthier lifestyle. (Int ] Cardiovasc Sci.
2019;32(4):355-361)

Keywords: Aging, Mood Disorders; Hypertension; Diabetes Mellitus; Depression; Obesity, Sedentarism; Exercise;
Independent Living; Lifestyle.

Introduction hypertension with increasing age.! This is worrying,

since it is expected that the world population over 60

Senescence is a natural life process associated with  years old will be approximately two billion in the next
increased risk of non-communicable diseases, as  decades? and the prevalence of hypertension could reach
hypertension. In fact, there is a growing prevalence of  up to 80% among elders.?
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Depression and hypertension in elders

Hypertension is recognized as a multifactorial clinical
condition, with lifestyle- related factors, such as smoking,
high sodium intake, sedentary lifestyle, among others,
widely associated with this condition. However, recent
studies have pointed to a close relationship between
hypertension and depression,* which becomes even more
worrying when considering the elderly people, due to
the known association between depression and aging.®

Depressive disorder is common among the elderly;
it is a multi-causal condition, whose etiology may vary
from depressive disorders, observed in young adults,
to those associated with chronic age-related processes
(cardiovascular, inflammatory, endocrine, autoimmune
processes), continuous use of some medications,
psychological adversity, and cognitive deficits.®
Approximately 10% of individuals over 60 years old
require therapeutic intervention for depressive disorder,
and the prevalence of depression may be greater than 40%
among elders living in geriatric institutions.”

Changes in autonomic nervous system control,
characterized by worse vagal control and increased heart
rate, are observed in depressive subjects and are pointed
out as factors that may explain the predisposition to
hypertension.® In addition, itis known that, among elders,
the association between depression and hypertension
seems to be influenced by obesity.’

The study by Long et al.,’ raises an important
perspective in the understanding of the relationship
between depression and hypertension among elders. In
fact, Meng al.,' had already reported that variables such
as gender, race, smoking, physical activity level, obesity
/ body mass index (BMI), DM and other psychological
factors are potentially confounding variables in the
relationship between depression and hypertension. In
this context, the present study aimed to analyze the
association between depression and hypertension in
community-dwelling elders, as well as to analyze the
influence of confounding variables that are potentially
capable to influence this association.

Material and methods

Sample

All community-dwelling old adults (= 60 years old)
from Aiquara, Bahia, Brazil were invited to take part in
this survey study. Two hundred eighty-nine subjects
were screened, all of them a