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RESUMO

Introdugao: A Insuficiéncia Cardiaca (IC) e a Doenga Pulmonar Obstrutiva
Cronica (DPOC) estao entre as principais causas de morbidade e mortalidade
no Brasil e no mundo e frequentemente coexistem (IC-DPOC). Isoladamente,
ambas sdo caracterizadas por alteragdes sistémicas que culminam em grave
intolerancia ao exercicio e diversas disfung¢des periféricas. Para avaliar tais
repercussdes, o Teste de Caminhada de Seis Minutos (TC6) € uma das
principais ferramentas e diversos fatores podem influenciar sua performance
(mensurada pela distancia percorrida- DTCG6). Entretanto, quando
coexistentes, ainda nao esta totalmente esclarecido qual o impacto funcional
de uma sobre a outra, especialmente em populagcdes brasileiras, e quais
fatores podem determinar a DTC6. Objetivos: descrever o perfil clinico-
funcional de pacientes com IC-DPOC e identificar quais fatores podem ser
determinantes da tolerancia ao exercicio, avaliada pelo TC6. Materiais e
Métodos: Trata-se de um estudo transversal, com amostra composta por
pacientes com diagndstico de insuficiéncia cardiaca (IC) e doenga pulmonar
obstrutiva crénica (DPOC). Foram coletados os dados: idade, sexo, etnia,
anos de estudo (<12 anos, 12 anos ou mais), tabagismo (sim ou ndo / ex) -
nos casos de fumantes e ex-fumantes, anos / mago. Fracdo de ejecdo do
ventriculo esquerdo (FEVE), classe da New York Heart Association (NYHA),
volume expiratério forgcado no primeiro segundo (VEF1), capacidade forgada
vital (CVF), classificacdo da Iniciativa Global para Doencga Obstrutiva
Pulmonar Crbnica (GOLD- A, B, C, D), foram os utilizados como dados
clinicos. A avaliagédo funcional foi composta pelo TC6 (executado conforme
recomendagdes internacionais), fendtipo de fragilidade (CHS index),
mensuragdo das pressdes inspiratoria (Pimax) e expiratéria (Pemax)
maximas, questionario de qualidade de vida (Minnesota living with heart
failure questionnaire- MLHFQ) e funcdo cognitiva (Montreal Cognitive
assessment- MOca). Resultados: Trinta e dois pacientes foram avaliados
em uma amostra de conveniéncia. A idade média foi de 67,6 + 8,54 anos,
sendo 65,6% do sexo feminino e como diagndstico inicial de IC em 59,4%. A
DTC6 meédia foi de 281,17 £ 101,9 metros, apresentando correlacédo

significativa com a velocidade da marcha (r = -0,81; p <0,01), VEF1 (r = 0,63;



p <0,01), classe NYHA (r = -0,46; p <0,01 ), VFC (r = 0,61; p <0,01), %VEF
(r=0,58; p <0,01), %VFC (r = 0,56; p <0,01), CHS index (r = 0,53; p <0,01)
e escore MLHF-Q (r =-0,47; p <0,01). Na analise de regressao as seguintes
variaveis foram incluidas no modelo final para DTC6: velocidade da marcha
(p <0,000), VEF1 (p <0,000) e classe NYHA (p <0,000), onde a equagao
derivada foi: 494,3 + (-39,5 x velocidade da marcha) + (79 x FEV1) + (-45,7
x classe NYHA). Conclusao: Neste estudo os participantes apresentaram
importante comprometimento da capacidade funcional, da Pemax e da
funcédo cognitiva. Ainda, os determinantes da DTC6 foram: velocidade da
marcha, VEF1 e classe NYHA.

Palavras-chave: insuficiéncia cardiaca; doenca pulmonar obstrutiva crénica;

capacidade funcional; teste de caminhada;



ABSTRACT
Introduction: Heart Failure (HF) and Chronic Obstructive Pulmonary Disease
(COPD) are among the leading causes of morbidity and mortality in Brazil and
worldwide and often coexist (HF-COPD overlap). Both diseases are
characterized by systemic abnormalities that culminate in severe exercise
intolerance and many peripheral dysfunctions. To assess these impacts, the Six
Minutes’” Walk Test (6MWT) is one of the main tools and several factors can
influence its performance (measured by the distance covered - 6MWD). However,
when coexisting, it is not yet fully clear what the functional impact of one on the
other, especially in Brazilian populations, and which factors may determine the
6MWD. Aims: To evaluate and describe the clinical and functional profile of
patients with HF-COPD and identify which factors may be determinants of
exercise tolerance assessed by the 6MWT. Materials and Methods: This is a
cross-sectional study with a sample of patients diagnosed with HF and COPD.
Data were collected: age, sex, ethnicity, years of schooling (<12 years, 12 years
or high education), smoking (yes or no / ex) - in the cases of smokers and former
smokers, years/pack. Left Ventricular Ejection Fraction (LVEF), New York Heart
Association (NYHA) Class, Forced Expiratory Volume on the first second (FEV1),
Vital Forced Capacity (FVC), Global Chronic Obstructive Pulmonary Disease
Initiative (GOLD classification- A, B, C, D) were used as clinical data. Functional
assessment consisting of 6MWT (following international guidelines), frailty
phenotype (CHS index), maximum inspiratory (MIP) and expiratory (MEP)
pressure measurements, quality of life questionnaire (Minnesota Living with
Heart Failure- MLHF-Q) and cognitive function (Montreal Cognitive Assessment-
MoCA). Results: Thirty-two patients were evaluated in a convenience sample.
The average age was 67.6 + 8.54 years, 65.6% female, and initial diagnosis of
HF in 59.4%. Mean 6MWD was 281.1 £+ 101.9 meters, showing a significant
correlation with gait speed (r = -0.81; p <0.01), FEV1 (r = 0.63; p <0.01 ), NYHA
class (r =-0.46; p <0.01), HRV (r = 0.61; p <0.01),% FEV1 (r = 0.58; p <0.01), %
HRV (r = 0.56; p <0.01), CHS index (r = 0.53; p <0.01) and MLHF-Q score (r = -
0.47; p <0.01) . In the regression analysis, the following variables were included
in the final model for the 6MWD: gait speed (p <0.000), FEV (p <0.000) and
NYHA class (p <0.000), where the derived equation was: 494.3 + (-39.5 x gait
speed) + (79 x FEV4) + (-45.7 x NYHA class). Conclusion: In this study,



participants showed significant impairment of functional capacity, measure by
6MWT, MEP and cognitive function. Still, the 6MWT determinants were: gait
speed, FEV1 and NYHA class.

Keywords: heart failure; chronic obstructive pulmonary disease; functional

capacity; walk test.
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1 INTRODUGAO
O envelhecimento populacional € um fenbmeno demografico global, que

se constitui um fator crucial para a ascensao da prevaléncia e da mortalidade por
doengas cronicas ndo transmissiveis ([DCNT] NU, 2017; OMS, 2017). Apesar da
melhora nos servigos de saude, doengas como a insuficiéncia cardiaca (IC) e
doenga pulmonar obstrutiva crénica (DPOC) ainda estdo entre as 5 principais
causas de mortalidade no mundo (RICTHE e ROSER, 2019, Figura 1).

Além disso, a IC e a DPOC também estdo entre as maiores causas da
perda de qualidade de vida, incapacidades, além de impactos econémicos para
familias e a economia dos paises (MINISTERIO DA SAUDE, 2011). No Brasil,
as DCNT correspondem a 74,7% das causas de anos de vida vividos com
incapacidade, sendo 11,2% do total referente as doencgas respiratérias crénicas
e 2,7% as doencgas cardiovasculares ([DVC] SCHRAMM, 2004).

Numero de mortes anuais por causa, Global, 2016

m DOENCAS CARDIOVASCULARES
N 17.650.000

CANCER 8.930.000
3.540.000
3.190.000

DIABETES E DOENGAS I 2.570.000

DOENGAS RESPIRATORIAS

METABOLICAS
m INFECCOES DO TR = 2.380.500
1.730.000
m DEMENCIA I :1.660.000
B MORTES NEONATAIS I 1:340.000
I 1260.000
m DESINTERIA - 1.210.000
m ACIDENTES NA ESTRADA I 1.190.000

1.090.000

B HEPATOPATIA 1.030.000

0 2000000 4000000 6000000 8000000 10000000 12000000 14000000 16000000 18000000 20000000

Figura 1: numero de 6bitos, por causa, em 2016. Adaptado de “Our World in data”

Enquanto sindromes, tanto a IC quanto a DPOC vao além de suas
alteracbes cardiacas e pulmonares, respectivamente. Sdo marcadas por
disfungbes periféricas, musculares, vasculares, autonémicas, em carater
progressivo, que desempenham papel central na evolugao clinica e funcional de
ambas (DOURADO,2006; DHAKAL,2015; HAYKOWSKY,2015; MCNAMARA,
2018). E como consequéncia da somagao desses fatores tem-se uma marcada
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intolerancia ao exercicio (O'DONNELL, 2006; UPADHYA, 2015), dispnéia e
fadiga precoces (KUPPER, 2016; ANZUETO, 2017) fragilidade (PEDRAZA,
2018; KENNEDY,2019), alteracbes de humor e declinio cognitivo
(ALAGIAKRISHNAN, 2016; CLEUTJENS,2017) além da perda de qualidade de
vida (MARK, 2011; LAGOEIRO, 2017).

Na pratica clinica a IC e a DPOC frequentemente coexistem (PADELETTI,
2008). Sua prevaléncia ainda n&do € consensual, sendo essa discrepancia
atribuida ao complexo diagnostico de uma sobre a outra, principalmente pela
semelhanga em sinais e sintomas como dispnéia e intolerancia ao esforgo
(JEMTEL, 2007; HAWKINS, 2009; TESTA, 2016). Contudo, alguns fatores ja
foram identificados como bandeiras vermelhas para essa coexisténcia e devem
ser considerados na avaliagdo (HAWKINS, 2009; FISHER, 2015).

Mesmo os dados ainda discordantes, em pacientes com IC-DPOC os
marcadores clinicos e funcionais sdo piores em comparagao aqueles com
apenas uma doenga (JEMTEL, 2007; MASCARENHAS, 2010). Em relagéo ao
prognostico, por exemplo, a presenga concomitante representa maior risco de
hospitalizagdo (RUSINARU, 2008) e maiores taxas de mortalidade quando
comparados a pacientes com IC isolada (BOUDESTEIN, 2009; BLOIS, 2010;
ZANNAD, 2012).

Tanto na IC quanto na DPOC, isoladas ou coexistentes, a intolerancia ao
exercicio € um dos principais marcadores de evolugdo da doenga e
representante de suas alteragdes multissistémica (BARNES, 2009; PASSINO,
2018). Assim, resultados abaixo do esperado predizem piores desfechos, sendo
o consumo maximo de oxigénio (VO.), obtido através de testes
cardiopulmonares maximos (padrdao ouro) ou através de calculos, um dos
principais marcadores (ARENA, 2004; JESSUP, 2009; MALHOTRA, 2016).

Entretanto, alguns dos pacientes com IC e DPOC sao fisicamente
incapazes de realizar testes maximos, além do elevado custo e necessidade de
equipe especifica. Assim, avaliagdes de campo, como o Teste de Caminhada de
6 minutos (TC6), surgem como uma alternativa simples, independente de
tecnologias (American Tohracic Society- ATS, 2002; RUBIM, 2006) e sensivel
para mensurar a capacidade funcional, avaliar o prognéstico e demais desfechos
em ambas as populagdes. O TC6 reflete consistentemente as limitagées as
atividades de vida diaria ([AVDs] ENRIGHT, 2004; RUBIM, 2006,), testa o
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comportamento dos sintomas durante o esforco (MORALES, 2011) e apresenta
correlagdo com o VO2 (COTE, 2007; ROSS, 2010), sendo usado amplamente na
pratica clinica ha décadas.

Ainda, nas populacbes de IC ou DPOC, diversos fatores podem
determinar a distancia percorrida no TC6 (DTCG6) e sua identificagado € primordial
para monitorizagdo clinica e funcional. Fatores como idade avangada (PEPERA,
2015), sexo feminino (MORAIS, 2019), humor deprimido (SPRUIT, 2010) ja
foram descritos como variaveis que alteram a DTCG6, resultando em menores
distancias e piores status funcional. Entretanto, em pacientes com IC-DPOC
ainda ndo ha descricdo destes, especialmente na populagao brasileira.

Portanto, é imprescindivel tragcar um perfil clinico-funcional desses
individuos e identificar quais pontos (fung&o cardiaca, fungao pulmonar e demais
aspectos fisico-funcionais) sdo capazes de explicar a DTC6. Providos desse
perfil entdo sera possivel propor futuras intervengdes que considerem essas
particularidades, sejam personalizadas e capazes de modificar seu status
funcional e melhorar sua qualidade de vida.

18



2 REVISAO DE LITERATURA

2.1 INSUFICIENCIA CARDIACA
A IC atingiu o estado epidémico, com cerca de 26 milhdes de individuos

vivendo atualmente com essa doenga em todo o mundo (PONIKOWSKI et al.,
2014; MOZAFFARIAN et al, 2015). Como diagndstico primario, ela equivale a
4% das internagdes em paises desenvolvidos, sua prevaléncia aumenta com a
idade e tem um prognostico total adverso, com uma taxa de mortalidade em 5
anos de 45% dos casos (ACHTTIEN et al, 2015; GRAVEN et al., 2017).

Enquanto patologia, a IC & definida por sua incapacidade, enquanto
bomba, de manter um suporte adequado a periferia, ou fazé-lo sob altas
pressbes (AMERICAN HEART ASSOCIATION-AHA, 2017; ROHDE, 2018).
Essa alteragdo de bomba é resultado de anormalidades estruturais e funcionais
do coragao, que vao desde inabilidade cronotrépica, alteragdes pressoricas a
reducdo do debito cardiaco e, somadas a suas consequéncias periféricas, dao
origem a sindrome da IC.

Tendo na cardiopatia isquémica sua principal etiologia (OWEN, 2006;
GERBER, 2015; ZIAEIAN, 2016), a disfuncéo sistdlica representada pela fragéo
de ejecéo (FE) é o fator peremptorio e categoriza os individuos em 3 grupos: IC
com FE preservada (>50%, ICFEp), intermediaria (39-49%ICFEi) e reduzida
(ICFEr) (ROHDE, 2018), sendo a ICFEp a mais prevalente, principalmente em
faixas etarias mais velhas (STEINBERG, 2012; PONIKOWSKI, 2016).
Funcionalmente esses pacientes sao classificados de acordo com uma escala
proposta pela New York Heart Association (NYHA), onde s&o estratificados pelo
grau de limitagdo, imposto pelos sintomas, para as AVDs (BENNETT, 2002;
BOCCHI, 2012; ROHDE, 2018). Segundo esta, ha quatro classificagcbes: Classe
| - auséncia de sintomas durante atividades cotidianas, com limitacdo para
esforcos semelhante a esperada em individuos saudaveis; Classe Il - sintomas
desencadeados por atividades cotidianas; Classe lll - sintomas desencadeados
em atividades menos intensas que as cotidianas; Classe IV - sintomas em
repouso.

Sendo a ICFEp a mais prevalente, apenas a disfungdo do ventriculo
esquerdo (VE) ndo seria suficiente para explicar a alta intolerancia ao exercicio,

a dispnéia e os demais sinais e sintomas da IC. Seu desenvolvimento envolve
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alteragdes em diversos sistemas homeostaticos (de forma que a sindrome pode
ser vista como uma desordem multiorgénica, de carater progressivo, que é
originada no coragdo, mas se estende para a periferia, CANDIA, 2007,
BOURLANG, 2011), onde provoca disfungbes e anormalidades capazes de
sobressair as alteracdes centrais no curso da doenca.

A apresentagédo clinica da IC, no fendtipo com FE preservada, os
pacientes geralmente sao mais velhos (HOGG, 2004; CLYDE, 2006) mais
frequentemente do sexo feminino (LEE, 2009; SHARMA, 2014) e apresentam
alta prevaléncia de comorbidades como obesidade, sindrome metabdlica,
diabetes mellitus tipo 2, hipertensdo, DPOC e disfungao renal (CHAN,2012;
DUNLAY, 2017). Os processos fisiopatologicos destas englobam caminhos
metabdlicos distintos, mas se interligam e interagem entre si, perpetuando e
agravando a faléncia e remodelagem cardiaca, a caquexia esquelética e a
disfungdes ja encontradas na prépria IC.

Nesse contexto, a disfuncido da resposta imune parece ser o ponto chave
e estar diretamente envolvida tanto na patogénese quanto no desenvolvimento
e na gravidade da ICFEp. Esse novo paradigma propde que niveis circulantes
elevados de TNFa, Interleucinas 6 e 1 (IL-6 e IL-1) e Pentraxina 3 (Paulus, 2013;
LAM, 2016; BORLAUG, 2016; SHAH, 2018), derivados tanto da propria IC
quanto das comorbidades, e desacompanhados de uma resposta anti-
inflamatoria compensatéria (YNDESTAD, 2006), levam a anormalidades
estruturais e funcionais tanto no musculo cardiaco quanto no leito vascular,
musculatura periférica e demais sistemas. Entretanto, a exata origem do

processo inflamatorio sistémico ainda n&o foi totalmente esclarecida.

Para essa questdo, alguns estudos propuseram que O proprio
cardiomidcito, insuficiente, expressaria niveis elevados dos mediadores
inflamatorios (TNFa, citocinas e quimiocinas relacionadas a IL-6 principalmente)
elevando os niveis circulantes dos mesmos e causando as alteragdes periféricas
e funcionais caracteristicas (MABUCHI, 2002; GAERTNER, 2003;
TONNESSEN, 2003) ainda, o menor aporte de O2 aos tecidos extracardiacos
provoca lesdo celular, via estresse oxidativo (NG, 2012), induzindo a cascata
pré-inflamatéria na prépria periferia e agravando seus efeitos deletérios.
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Além da inflamacgao sistémica, estresse oxidativo e disfungédo endotelial
e vascular, somam-se alteragbes metabdlicas (ASHRAFIAN, 2007; ROCHA,
2018), reflexas e autonémicas (TRIPOSKIADIS, 2009; KISHI, 2012), levando
ao desequilibrio entre os sinais anabdlicos e catabdlicos e diminundo a
capacidade de adaptacao da periferia, principalmente frente ao esfor¢o. Todas
essas anormalidades tornam a IC uma condi¢gdo complexa e demandam

avaliagdes além da fungao cardiaca.

2.2 DOENGA PULMONAR OBSTRUTIVA CRONICA

A prevaléncia global da DPOC ainda é dificil de estimar, principalmente
pelas diferentes abordagens utilizadas para diagnostica-la (i.e, espirometria ou
questionamento direto; GOLD, 2017). O Estudo Global da Carga de Doencas
(2015) estimou a prevaléncia global da DPOC em cerca de 174 milhdes de
casos, sendo atualmente a quarta principal causa de morte no mundo. Proje¢des
trazem que a DPOC alcancgara a terceira posi¢ao até 2020 (SCHUTTE, 2017).
No Brasil os dados sao escassos, mas estima-se que 7,5 milhdes de individuos
(5 a 10%) sejam portadores de DPOC, representando um numero na ordem de
170 mil admissdes hospitalares (DATASUS, 2008; GIACOMELLI, 2014).

Enquanto doenga a DPOC é classicamente definida como uma obstrugao
ao fluxo aéreo, n&o totalmente reversivel, de carater progressivo, associada a
resposta inflamatéria pulmonar exacerbada (SBPT, 2004; GOLD, 2018) e
induzida por exposi¢ao a agentes agressores. Essa ativagao, em carater cronico,
induz modificagdes nos brénquios, destruicdo do parénquima pulmonar, reducao
da elasticidade pulmonar, inadequada relacdo ventilagdo/perfusdo e
hiperinsuflacdo pulmonar, sendo seu grau variavel de individuo para individuo
(HOGG, 2009; GOLD, 2018).

Sua principal causa é o tabagismo, com maior prevaléncia no sexo
masculino, e sua classificagdo mais utilizada é baseada no volume expiratorio
forgado no primeiro segundo (VEF+- SBPT, 2004; GOLD 2018), considerada a
definigao fisioldgica da doenga. De acordo com a Iniciativa Global para Doengas
Pulmonares Cronicas (GOLD), a severidade é graduada em 4 niveis: leve (VEF
280% predito), moderada (50% < VEF1< 80% predito), severa (30%=< VEF; <
50% predito) e muito severa (VEF1< 30% predito).
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Entretanto, existem evidéncias de que apenas o VEF1 ndo € um fator
determinante para estabelecer a morbi-mortalidade da doenca. Por isto, o
impacto dos sintomas, o numero de exacerbacdes, presenga de comorbidades
e as manifestacdes sistémicas da doenca estdo sendo incluidos na avaliagéo da
gravidade da doenga (FRAGOSO, 2015). Assim, em 2018, em sua atualizagao,
a GOLD propds a estratificagcao dos pacientes em GOLD A, B, C, D, em ordem
crescente de gravidade e incluindo o impacto da dispnéia e o numero de
exacerbacoes, além do classico VEF1 (GOLD, 2018).

Em relagdo a seu processo fisiopatologico, o remodelamento da via area
de baixo calibre e a perda do recuo elastico, pela alteracdo no parénquima,
resulta em declinio progressivo da funcdo pulmonar (MCNEE, 2016). A
exposi¢ao cronica ao agente agressor promove desequilibrio entre a formagéo
de radicais livres de O2 e a capacidade antioxidante, onde a sobrecarga oxidativa
nos pulmdes induz lesao celular, hipersecrecdo mucosa, inativacdo de anti-
proteases, além de aumentar ainda mais a resposta inflamatéria (CHUNG,
2008).

Macréfagos, neutrofilos e diversas células do sistema imune estdo
envolvidos nessa reposta anormal, aumentando o nivel de biomarcadores de
estresse oxidativo como perdxido de hidrogénio, 8-isoprostano, e marcadores
inflamatdrios como TNF-a, IL-6 e IL-8 e causando as alteragcbes caracteristicas
(BRUSSELLE, 2011, HOW, 2016). Entretanto, assim como na IC, na maioria dos
individuos com DPOC o processo inflamatorio ndo se restringe ao sitio central,
mas induz um processo sistémico, marcado por niveis circulantes elevados de
proteina C reativa (PCR), TNF-alfa, IL-6, IL-8 (GAN, 2004), e envolvido nas
principais disfungdes sistémicas da doenga (BARNES, 2009; HUANG, 2019).

A apresentagao clinica da DPOC é resultado dessas alteragdes locais, e,
das consequéncias sistémicas delas, onde os principais sintomas incluem
dispnéia, tosse crbénica e hipersecre¢cao brénquica, variando em prevaléncia,
intensidade e progressao nos pacientes (PAUWELS, 2004). Assim, foram
propostos fenétipos da doenga, ou seja, "caracteristicas, unicas ou combinadas,
que descrevem a diferenga entre individuos com DPOC e estéo relacionadas a
resultados clinicamente significativos" (HAN, 2010), para facilitar sua
identificac&o e guiar o tratamento MIRAVITTLES, 2012).
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Classicamente os pacientes eram estratificados em 2 fendtipos: o
enfisema, no qual o paciente tem dispnéia e acianose, conhecido como pink
puffer, e o bronquitico crénico, no qual o paciente apresenta congestado e
cianose, conhecido como blue bloater (DORNHORST, 1955;). Atualmente 3
fendtipos sdo bem descritos e difundidos: 1) individuos com baixo risco de
mortalidade, baixa limitagao do fluxo aéreo e menos comorbidades; 2) individuos
mais jovens, com maior limitagdo do fluxo aéreo, baixo indice de massa corporal
e baixa frequéncia de comorbidades cardiovasculares; 3) individuos idosos com
menor limitagdo ao fluxo aéreo, alto indice de massa corporal e altas taxas de
comorbidades cardiovasculares e presencga diabetes. Dentre eles, os fendtipos
2 e 3 apresentam maior risco de mortalidade (BURGEL, 2012; COSIO, 2016).

Anormalidades nutricionais e perda de peso, disfungdo muscular
esquelética, maior risco cardiovascular, disfungcéo cognitva e status de saude
prejudicado estdo entre as principais manifestacbes sistémicas da DPOC
(DOURADO, 2006; PLEGUEZUELOS, 2016; YOHANNES, 2017).
Adicionalmente, a presenca de comorbidades e outras doencas crdnicas
concomitantes, ligadas a fatores de risco em comum como tabagismo,
envelhecimento e inatividade, apresentam impacto significativo em seu estado
de saude e sobrevida (MILLER, 2013). Nesse contexto, as altera¢des cardiacas
e vasculares, decorrentes das manifestagdes extrapulmonares e das préprias
alteragdes mecanicas da doenga, ganharam notoriedade (WATZ, 2010;
FRAZAO, 2019); ndo obstante, as disfungdes no sistema cardiovascular estéo
entre as principais causas de mortes, independente da sintomatologia pulmonar,
em pacientes com DPOC (MOLINA, 2018).

A relacdo da DPOC com a funcido cardiaca e demais manifestacdes
sistémicas ainda possui lacunas, mas ilustra a necessidade de avaliagcéo
multissistémica, global e além das caracteristicas pulmonares, para promover

impacto real no curso da doenga e no status clinico e funcional.

2.3 INSUFICIENCIA CARDIACA COEXISTENTE A DOENCA PULMONAR OBSTRUTIVA
CRONICA
Tanto a IC quanto a DPOC s&o doencgas crbnicas e progressivas, com

curso flutuante semelhante, marcadas por exacerbagdes frequentes que
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compartilham fatores de risco comuns, processos fisiopatoldgicos, sinais e
sintomas clinicos (KETEYIAN, 2014) e agem sinergicamente como fatores
prognosticos negativos uma da outra. Dada as particularidades, ambas sé&o
caracterizadas por alteragdes centrais que impactam negativamente na periferia,
gerando os principais sinais e sintomas das doengas.

Dentre os principais fatores de risco para sua coexisténcia estdo o
histérico de tabagismo, a idade avangada (>70 anos) e sexo masculino (UKENA,
2010; DIEZ, 2013). Em estudo multicéntrico sobre a coexisténcia de IC+DPOC,
em comparagédo com IC isolada, aqueles com ambas eram significativamente
mais velhos, mais frequentemente fumantes, eram mais sintomaticos para fadiga
e, consequentemente, em uma classe mais alta de NYHA (lll / IV- GRIFFO,
2017). Ainda, em sua analise de regresséao para o risco de DPOC em pacientes
com IC, a idade avangada, o tabagismo e a presencga de disturbio ventilatorio
moderado-severo foram identificados como fatores preditivos.

O mecanismo fisiopatolégico que as conectam ainda nao foi totalmente
esclarecido, porém as alteragdes estruturais nos sitios centrais, a inflamacéao
sistétmica e até mesmo o uso de medicamentos (beta-agonistas e beta-
bloqueadores) parecem ser os mecanismos de conexao (DIEZ, 2013;
HAWKINS, 2013). Ja se tem descrito que o carater inflamatério sistémico
(marcado por alteragdes nos niveis de PCR, IL-6, TNG-alfa, BNP) da DPOC é
um fator de predisposicdo e aceleracdo da aterosclerose (ANDRE, 2019),
aumentando o risco de IC precoce; ainda, a hiperinsuflagdo compromete a
adequada fungédo do VE (WATZ, 2010; BARR, 2010) gerando, a longo prazo,
alteracdes estruturais e funcionais.

A IC como fator de risco para a DPOC € menos provavel e menos
elucidada; alteragbes pressoricas na camara cardiaca, desbalango simpato-
vagal, alteracdo da perfusdo pulmonar, podem ser fatores desencadeantes da
disfungéo pulmonar em pacientes com IC, culminando na DPOC, mas ainda n&o
ha informagdes na literatura que afirmem.

Quanto a prevaléncia da IC-DPOC, ainda € um ponto discutivel, complexo
e variavel. Em pacientes com IC, a prevaléncia de DPOC varia de 20% a 32%;
por outro lado (RUSHTON, 2015; CANEPA, 2017), a presengca de IC em
pacientes com DPOC chega a 20% (RUSHTON, 2015; PIRINA, 2017). Pode-se

atribuir tal discordancia a critérios diagnosticos variados, alguns sem
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reprodutibilidade, diferentes popula¢des estudadas (comunidade, pacientes
ambulatoriais, internados, idosos estaveis ou diferentes fenétipos de DPOC) e
gravidade das doengas; a hiperinsuflagdo na DPOC pode impedir uma avaliagéo
ecocardiografica acurada e anormalidades de carater obstrutivo na avaliagdo da
funcdo pulmonar podem estar presentes na IC descompensada, sendo fatores
confundidores (HAWKINS, 2013; PELICORI, 2017).

Independente da real prevaléncia, diversos estudos ja ilustraram que, em
comparagao a grupos com doencgas isoladas, os pacientes com IC-DPOC
apresentam piores marcadores de fungdo pulmonar e cardiaca
(MASCARENHAS, 2010), estado inflamatério mais ativado (contagem elevada
de leucacitos, acido urico, PCR- CANEPA, 2017), pior tolerédncia ao exercicio
(OLIVEIRA, 2016), maiores taxas de exacerbagdes e mortalidade (MACCHIA,
2007, RUSINARU, 2008; CANEPA, 2017). Por exemplo, a DPOC foi descrita
como preditor independente de morte e hospitalizagdes em pessoas com IC e
se sugere que represente maior risco de resultados ruins em relagdo a outras
condigbes meédicas na IC (por exemplo, hipertensdo, diabetes) (HAWKINS,
20009).

Entretanto, alguns marcadores funcionais ainda foram pouco descritos,
especialmente em populagdes brasileiras. Em relagcdo a capacidade funcional,
avaliada principalmente pelo TC6, alguns autores ja descreveram que pacientes
com diagnostico concomitante percorrem distancias significativamente menores,
comparadas a amostras com apenas IC ou DPOC (MENTZ, 2013). Contudo, a
maioria dessas analises foi feita de maneira retrospectiva e alguns nao utilizaram
critérios diagnosticos validados. Outras caracteristicas como fungdo da
musculatura respiratoria, fungdo cognitiva, qualidade de vida e presenga da
sindrome da fragilidade ainda permanecem incertas nessa populagao.

2.4 MARCADORES E AVALIACOES FUNCIONAIS

2.4.1 Intolerancia Ao Exercicio
Um dos principais marcadores da IC e da DPOC é a grave e progressiva
intolerancia ao exercicio (HAYKOWSKI, 2015; MCNAMARA, 2018). Esta,

definida como um comprometimento na capacidade de realizar atividades fisicas
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(AF) acompanhada por sintomas de dispnéia e / ou fadiga significativas, tem em
sua etiologia um desbalango entre as repostas cardiorrespiratorias, muscular e
metabolica (DEL BUONO, 2019).

Na ICFEp é considerada sintoma crénico primario, mesmo em individuos
compensados. Essa disfuncdo € um forte determinante do progndstico e da
qualidade de vida reduzidos e € expressa principalmente pela diminuigdo do pico
de VO2 (MONTERO, 2018); este, alterado principalmente pelo desbalango entre
a oferta e extracdo de O (principio de Fick- DHAKAL, 2015) e demarcado por
reducdo no pico de débito cardiaco (Qpeak), sua relagdo com a area de
superficie corporal (indice cardiaco de pico- Clpeak) e diferenga arteriovenosa
de O2 (ABUDIAB, 2013).

Os mecanismos fisiopatoldgicos da intolerancia ao exercicio na IC s&o
multifatoriais e somam os comprometimentos de reserva cardiaca, disfungao da
reserva pulmonar, da perfusdo e da funcido dos musculos esqueléticos e
respiratorios (SHIMIAIE, 2015). Do ponto de vista periférico, a menor tolerancia
ao esforco resulta da diminuicdo da capacidade oxidativa do musculo
esquelético, da menor perfusdo muscular, da presenca de disfungdo endotelial
(HOUSTIS, 2018); essas alteragdes favorecem o aparecimento de acidose ainda
nas fases iniciais do exercicio, levando a fadiga precoce. A menor oferta de O2
aos musculos também é resultado da menor biodisponibilidade do vasodilatador
endotelial, por estado pro inflamatério e estresse oxidativo, aumento de
substancias vasoconstritoras (endotelina-1, angiotensina-1l- BARRET-O’KEEFE,
2014) e aumento da estimulagdo simpatica devido a sensibilizagdo de
metaborreflexos (AMANN, 2014), sendo ainda mais exacerbado a medida que a
intensidade do exercicio aumenta.

Além dessas disfungdes decorrentes das proprias alteragdes da doencga,
a presenga de comorbidades impacta negativamente a capacidade ao exercicio.
A presenca de anemia, diabetes mellitus (DM), DPOC, depresséao, obesidade,
(MURAD, 2011; SHIBA, 2011; DEL BUONO, 2019) pode acelerar a progresséo
da intolerancia ao exercicio na IC, principalmente por adicionar fatores que
impactam na adaptagao cardiovascular e periférica durante o exercicio.

Na DPOC, a intolerancia ao exercicio também & multifatorial e relacionada
a ma adaptacéo dos sistemas frente ao esforco (GUANETTE, 2014). Aqui, um
de seus fatores chave é o nivel intoleravel de dispnéia, resultante da combinacao
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entre alta demanda ventilatéria e mecanismos dinamicos anormais (alta carga
elastica e obstrugdo ao fluxo aéreo- JAMES, 2019); a diminuigcdo da
complacéncia pulmonar dinamica e aumento da carga resistiva dos musculos
respiratorios resulta em aumento mais acentuado da resposta neural e da
sobrecarga muscular, limitando a resposta ao esforco e acentuando a fadiga
(MENDONCGCA, 2014; O'DONNELL, 2017)

A disfungédo da musculatura periférica € considerada determinante chave da
limitagdo ao exercicio, principalmente de membros inferiores (BARREIRO,
2015); esta, assim como na IC, é caracterizada por um declinio funcional, de
perda de forga e endurance dos musculos (MALTAIS, 2014; CANNON, 2016)
além de anormalidades estruturais, como diminuicdo da massa muscular e
relagdo capilaridade/mitocéndria, mudangas no tipo e tamanho das fibras
musculares, reducdo das enzimas oxidativase e alteracdo da bioenergética
muscular (GOSKER, 2007; TAIVASSALO, 2016; CECO, 2017), sendo essas
atribuidas ao carater sistémico da doenca.

Em relagdo a presenca de comorbidades, a relagao entre DPOC e alteragdes
cardiacas vem ganhando notoriedade na fisiopatologia da intoleréncia ao
exercicio. Diversos estudos ilustram que em pacientes com DPOC, a disfuncao
cardiaca pode, independentemente, contribuir para a intolerancia ao exercicio
na DPOC (FENSTER, 2015). Schoos et al. (2013) encontraram que o volume de
regurgitacéo tricuspide, um marcador da fungéo diastolica do VD, é um preditor
independente de tolerancia ao exercicio, em pacientes com DPOC moderada a
severa. Ainda, alteragbes na resposta cronotropica (LIU, 2016), atividade
nervosa simpatica muscular (HAARMAN, 2016) e perfusdo muscular (IEPSEN,
2017) ja foram descritas como fatores intervenientes na capacidade de exercicio
em pacientes com DPOC.

2.4.2 Teste de Caminhada de Seis Minutos na Avaliagdo da Tolerancia ao
Exercicio

Capacidade de exercicio e capacidade funcional podem se assemelhar,
mas suas definicdes guardam algumas diferengas, importantes de destacar: a
capacidade de exercicio pode ser entendida como “maximo de esforgo fisico que
um sujeito pode sustentar” (MARK, 2003), enquanto a capacidade funcional

como “a capacidade de realizar atividades da vida diaria que exigem um
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metabolismo aerdbico submaximo sustentado” (ARENA, 2007); porém, de
maneira geral ambas traduzem os esforgos integrados dos sistemas pulmonar,
cardiovascular e esquelético.

Para sua avaliagao o Teste Cardiopulmonar (TCP), com a medida do VO3
maximo/pico é considerado "padrdo ouro" (ATS, 2003). No entanto, este é
relativamente caro, consume tempo consideravel, exige equipe treinada e n&o é
tolerado pela maioria dos pacientes com IC ou DPOC. Assim, diversos testes
clinicos ja foram propostos, sendo o TC6 o mais utilizado e descrito na literatura
(ATS, 2002). Este, se tornou uma importante ferramenta de estratificacdo da
gravidade da doenga, de eficacia e evolugdo do tratamento, de predicdo de
mortalidade e hospitalizagbes (KINGA, 2013; ANDRIANOPOULOS, 2015;
TUFARO, 2015; CELLI, 2016), principalmente por sua facilidade de execugéo,
simplicidade, além de boa reprodutibilidade. Em pacientes com IC, distancias
(DTC6) < 300m indicam maior risco de mortalidade e desfechos negativos
(INGLE, 2007; MANDI, 2018) e na DPOC, DTC6 <350m indicativa de pior
prognostico e mortalidade (CASANOVA, 2008; DAJCZMAN, 2015),

O TC6 é caracterizado como teste submaximo (ATS, 2002), que mesmo
limitado em dar informacdes especificas de cada sistema, representa
acuradamente o nivel de esforco da maioria das AVDs, logo, a DTC6 pode refletir
melhor o nivel de exercicio funcional em comparagcao aos testes maximos
(POULAIN, 2003). Sua execugao segue a normatizagao proposta pela American
Thoracic Society (2002) e equagdes de predigdo foram propostas para tragar um
comparativo entre o esperado e o executado (dado em % do predito).

A férmula proposta por Enright e Sherril (1998) é uma das mais utilizadas
até hoje, levando em consideragédo fatores como idade, sexo, peso e altura.
Entretanto, trata-se de uma equacdo que pode falhar ao ser aplicada a
populagdo brasileira, por diferengas regionais. Por isso alguns estudos
propuseram uma equacéo brasileira (SOARES, 2001; DOURADO, 2011), dentre
eles o de Britto et.al (2013) que propbs a seguinte equagao, baseada em um
estudo multicéntrico: DTC6: 890.46 - (6.11 x idade) + (0.0345 x idade?) + (48.87
x sexo) — (4.87 x IMC), onde masculino =1 e feminino =2.

Além do mais, diversos fatores ja foram descritos como influenciadores
nesse resultado e sua identificacdo € relevante para monitorizagcdo e

identificacdo de maiores riscos. Idade, sexo feminino, humor deprimido, funcao
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cardiaca, funcdo pulmonar, sdo fatores que podem determinar menores ou
maiores DTC6 em pacientes com IC ou DPOC (SCHOOQOS, 2013; RODRIGUEZ,
2014; LENCER, 2017). Contudo, quando ambas coexistem ainda ndo se tem
descrito qual a minima distancia clinicamente relevante ou quais fatores podem

determina-la.

2.4.3 Fungao Muscular Respiratéria

O carater sistémico, somado as alteracbes mecanicas e adaptativas, da
IC e da DPOC comprometem a fungdo da musculatura respiratéria, impactando
nao somente na funcionalidade, mas na sintomatologia e no progndstico desses
individuos (MIYAGI, 2017). Entretanto, embora os musculos respiratorios (MR)
também sejam "musculos esqueléticos", suas propriedades estruturais,
funcionais e metabdlicas e a resposta a estressores ou inatividade sao

notavelmente diferentes dos musculos periféricos (SIECK, 2013).

A forga muscular respiratéria (FMR) ja foi estabelecida como marcador
fisioloégico da funcéo respiratéria, com valor progndstico e terapéutico, tanto na
IC quanto na DPOC (CHIAPPA, 2009; SINGER, 2011). Sua avaliagdo, dada
pelas pressodes inspiratdria (PImax) e expiratoria (PEmax) maximas, reflete a
funcdo do diafragma e dos musculos abdominais, respectivamente, e ja possui
forma padronizada de avaliagéo, através da manovacuometria (ATS, 2002). Para
sua determinacao diversas equagdes ja foram propostas, principalmente para
tracar comparativos e estipular metas (COSTA, 2010; PESSOA, 2014). No
Brasil, a férmula proposta por Souza et.al (2002) é amplamente utilizada e utiliza
0 sexo e a idade como fatores preditores, sendo para homens de 20 a 80 anos:
Plmax (cmH20)* = 143 — 0,55 e PEmax (cmH20) = 268 — 1,03; e para mulheres
de 20 a 86 anos: PImax (cmH20) = 104 — 0,51 e PEmax (cmH20) = 170 - 0,53.

No geral, tanto na IC (DAL LAGO, 2006) quanto na DPOC (BEAUMONT,
2018), ha prejuizo da forca e da endurance desses musculos, onde o
comprometimento do metabolismo energético, do balango sintese/degradacéo
de proteinas, da disfungdo autonémica, aumento de citocinas inflamatérias
locais/sistémicas e do estresse oxidativo (JAENISCH, 2011; MANGNER, 2015)
sdo parte da explicagao fisiopatologica.
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Na IC, a fraqueza dos MR pode potencializar a sensacao de dispnéia e
contribuir para a fadiga precoce durante o esforgo (DUBE, 2016). No diafragma
de pacientes com IC ha alteragao na proporgao de fibras tipo | e I, levando a um
certo aumento na capacidade oxidativa, porém comprometendo sua capacidade
geral de gerar forca (KELLEY, 2017). Isso pode ser visto na pratica onde, por
fatores como a congestao pulmonar, ha um aumento da carga de trabalho do
diafragma, que se adapta e mantém sua capacidade de resisténcia a fadiga,
porém as custas da perda de forgca. Adicionalmente, alteragdes no mecanismo
intracelular do calcio (Ca?*- DOMINGUEZ, 2003), desbalango simpatovagal e
dos barorreflexos (BAEKEY, 2010), contribuem para o comprometimento dessa

musculatura.

Na DPOC, os processos fisiopatologicos que aumentam o trabalho
respiratorio e as demandas ventilatérias provocam um recrutamento exagerado
do diafragma, e dos musculos acessorios, mesmo em niveis de volume corrente,
resultando em menor capacidade adaptativa ao esforco e em maiores niveis de
dispnéia (KLIMATHIANAKI, 2011). Esse comportamento a longo prazo leva a
alteragdes na proporgao da fibra muscular, comprimento do sarcobmero, massa

muscular e seu metabolismo (LEVINE, 2003).

Semelhante ao que ocorre na IC, aqui ha aumento na proporc¢éao de fibras
de contragao lenta do tipo |, que sdo mais resistentes a fadiga, aumentando a
resisténcia diafragmatica, mas a degradacdo de proteinas e uma reducgéo
significativa no conteudo de miosina diminuem sua capacidade de geracéo de
forca (OTTENHEIJM, 2008). Aléem disso, as alteragbes mecanicas, causadas
principalmente pela hiperinsuflagdo, modificam a forma e a geometria toracica,
levando a redugdo crbnica da zona de aposi¢cdo do diafragma, diminuindo o
comprimento das fibras e alterando sua capacidade de gerar forca (DOUCET,
2004; LEWIS, 2016). Essas alteracbes somadas tém impacto negativo na

intolerancia ao exercicio.

Tanto na IC quanto na DPOC, a disfungéo diafragmatica esta associada
a maior intolerancia ao exercicio, pior qualidade de vida, maior tempo de
internagdo hospitalar e pior prognéstico (TAYLOR, 2018; Wolpat, 2017). Em

relacao a coexisténcia IC-DPOC, ainda ndo ha dados descritos na literatura.
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2.5 FUNGAO COGNITIVA

A fungao cognitiva pode ser entendida como qualquer fungao cerebral que
permita a um individuo perceber, registrar, armazenar, recuperar e usar
informagdes (LEZAK, 2012). Tais capacidades permitem adaptagdo a novas
situagcdes e ambientes e s&o relacionadas a dominios como memoria e atengao.
O processo de envelhecimento por si traz alteracbes nesses dominios e
culminam no déficit cognitivo leve (DCL), estagio onde ainda ndo ha
comprometimento das AVDs ou demais fungdes basicas e onde as lesdes
cerebrais, causadas por atrofia cerebral ou degeneragcédo, sdo seu principal
mecanismo (PETERSEN, 2018).

Entretanto, quadros agudos e/ou crénicos podem acelerar esse processo
e trazer alteracbes ndo esperadas para a faixa etaria, além de aumentar o risco
de deméncia, estagio mais grave do déficit cognitivo (DC; LEZAK, 2012). Por
exemplo, em comparacdo a individuos saudaveis, pareados em idade, os
pacientes com IC tem aumento de 62% nas chances de desenvolver DC
(VOGELS, 2007), sendo este um importante fator de comprometimento da
independéncia funcional e da qualidade de vida, tornando imprescindivel sua
detecgao precoce.

Tanto a IC quanto a DPOC relacionam-se ao DCL por mecanismos diretos
(alteragbes vasculares, de perfusao e metabdlicas) quanto indiretos (associagéo
com diversas comorbidades; AMPADU, 2015), que comprometem
principalmente tarefas executivas, de planejamento, memoria e capacidade de
resolucdo de problemas (LETO, 2014). Esses mecanismos ainda n&o est&o
integralmente esclarecidos, mas recentes estudos relataram que individuos com
IC ou DPOC apresentam alteracbes cerebrovasculares que levam a
hipoperfusdo cerebral, isquemia ou hipoxia e, portanto, a um processo
neurodegenerativo, culminando em prejuizos cognitivos (ALMEIDA, 2012;
ABETE, 2014). Na DPOC, a hipercapnia também parece desempenhar um papel
na patogénese do DCL através de um mecanismo de toxicidade neuronal
(PAREKH, 2005).

Ademais, fatores como tabagismo, inflamacéo sistémica/ estresse
oxidativo, diabetes mellitus, polifarmacia e inatividade fisica também parecem
estar relacionados ao desenvolvimento do DCL (figura 2), principalmente por

induzirem altera¢des na plasticidade sinaptica e neurogénese, bem como nas
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cascatas de neurotransmissores envolvidos nos diversos processos cognitivos
(MCAFOOSE, 2009; SCIMONELLI, 2013).

Fibrilacao
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Figura 2: Fatores de risco para o déficit cognitivo leva (DCL) na IC. FEVE: fragdo de ejegao

do ventriculo esquerdo; IMC: indice de massa corporal.

A prevaléncia do DCL ainda € discutivel; Yohannes et al. (2017), em sua
meta-analise, encontrou que a prevaléncia geral de DCL em pessoas com DPOC
e IC foi de 32% e 30%, respectivamente. Todavia, os numeros ainda sao
discordantes, variando de 13,5-80% na IC (LEVIN, 2014) e de 16-57% na DPOC
(SINGH, 2013). Essa discrepancia deve-se principalmente as ferramentas
utilizadas para avaliagéo e seus pontos de corte (BEERS, 2018). Dentre as mais
utilizadas ha o Mini-Exame do Estado Mental (MMSE) e o Montreal Cognitive
Assesment (MoCa), onde na comparagédo de sensibilidade para detec¢cdo do
DCL, o MoCa se mostrou mais sensivel para esse estagio de disfuncao
(CAMERON, 2012; CIESIELSKA, 2016).

Independente do método de avaliacdo, deve-se considerar que o DCL &
uma importante comorbidade tanto na IC e na DPOC, capaz de comprometer a
adesao ao tratamento, a cessacdo do tabaco, o autocuidado (CLEUTJENS,
2017) e aumentar a prevaléncia da depressédo, outro fator de alto impacto no
curso das doengas (ALOSCO, 2014).
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Sua relagdo com a capacidade funcional e a tolerancia ao exercicio ainda

€ pouco esclarecida, porém ja se sabe que pacientes com menores escores
apresentam maior limitagdo (ALOSCO, 2015) e que o exercicio fisico regular é
capaz de melhorar a atencdo visual, memdéria verbal e as fun¢des visoespaciais
(DODD, 2010), ilustrando uma possivel correlagao.
A coexisténcia da IC-DPOC ja foi ilustrada como um fator de piora da fungao
cognitiva, onde, em uma analise de regressdo pacientes com ambas tinham
maior comprometimento cognitivo comparados a amostra com apenas IC
(ALOSCO, 2015). Uma possivel resposta seria que a DPOC pode contribuir com
reducdes aditivas na oxigenagédo cerebral, com danos cerebrais resultantes.
Porém, quando analisado o impacto dessa disfungdo na capacidade funcional,
ainda ndo se tem ilustrado nessa populagéo.

2.6 SINDROME DA FRAGILIDADE
A sindrome da fragilidade é considerada uma entidade clinica complexa

e multifatorial, refletida por um estado de reserva fisioldgica diminuido e maior
vulnerabilidade a estressores (FRIED, 2001; GOLDWATER, 2015), baseada
majoritariamente no tripé sarcopenia, desregulagéo neuroendocrina e alteragdes
imunologicas. Foi inicialmente descrita em 1980, por Whoodhouse que definia
idosos frageis aqueles individuos com mais de 65 anos de idade, dependentes
para suas AVDs e geralmente institucionalizados.

Entretanto, estudos subsequentes trouxeram que essa seria uma
definicdo limitada. Em 2001 o termo voltou a ter notoriedade com a proposta de
definicdo padronizada e operacional de fendétipo de fragilidade, elaborada por
Fried e colaboradores, e determinado pela presenca de trés ou mais de cinco
critérios: perda de peso nado intencional; exaustdo autorrelatada; fraqueza
muscular; lentiddo da marcha; baixo gasto energético-nivel de atividade fisica;
assim classificando-os em robustos, pré-frageis (1-2 critérios) e frageis (3 ou
mais).

A auséncia de um padrao ouro para sua identificagao traz discordancia
entre as taxas de prevaléncia. Estima-se que de 18%-54% dos pacientes com
IC podem ser considerados frageis (JHA, 2016; DENFELD, 2017), aumentando
seu impacto e prevaléncia com a gravidade e avangada idade (classes IlI-IV
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NYHA, +80 anos); na DPOC, a prevaléncia de fragilidade pode variar de 5% a
45% (WOO, 2015; LAHOUSSE, 2016). Ainda, se mostrou mais prevalente em
mulheres, assim como em populagdes afro-americanas e latinas (WEISS, 2011).

A fisiopatologia subjacente da fragilidade € complexa e incompletamente
entendida. Supde-se que o desbalango nos sistemas hematoldgico, inflamatério-
anti-inflamatério e neuroenddcrino, caracteristicos tanto da IC quanto da DPOC,
sejam a conexao por induzirem redugdo na homeostasia sistémica, disfungéo
muscular e vulnerabilidade imunologica (BARZILAY, 2007; CLEGG, 2013).
Fontana et.al (2013) mostram que maior risco de fragilidade foi
significativamente associado a marcadores inflamatorios elevados, disfungdes
enddcrinas multiplas e aumento do estado catabdlico, fatores associados
diretamente a sarcopenia, logo, a patogénese da fragilidade.

A presencga da sindrome da fragilidade em pacientes com IC ou DPOC,
se traduz por aumentar os riscos de eventos negativos apos quadros agudos ou
eventos como quedas (VIDAN, 2016). Acarreta em prejuizos funcionais e
clinicos, se tornando fator independente de pior prognostico pds internagéo
hospitalar maiores taxas de readmissao, maiores gastos com servigos de saude,
(PRECIADO, 2017; YAMADA, 2018), incapacidade e mortalidade, em
comparagao aos pacientes avaliados como robustos (XUE, 2010), devendo ser
incluida na avaliacao clinica dessas populacgdes.

Em relagéo a tolerancia ao exercicio, Boxer et. al (2010) trouxeram que a
fragilidade estava associada a baixa toleréncia ao esforgo, avaliada pelo TCG6;
posteriormente, encontraram associagdo entre a fragilidade e menores
distancias no TCG6 (r=-0.72) em si.

Contudo, em pacientes com IC coexistente a DPOC, muitos aspectos
funcionais ainda n&o foram descritos, incluindo a sindrome da fragilidade.
Portanto se torna imprescindivel o delineamento de um perfil dessa populagao,
capaz de ilustrar o impacto da IC-DPOC em parametros de facil avaliagao e alta
relevancia clinica, como a DTCG6.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

- Descrever o perfil clinico-funcional de pacientes com diagnostico de
insuficiéncia cardiaca coexistente a doencga pulmonar obstrutiva cronica.

3.2 OBJETIVOS ESPECIFICOS
- Correlacionar os marcadores clinicos e funcionais de pacientes com

diagndstico de insuficiéncia cardiaca coexistente a doenga pulmonar obstrutiva
cronica;

- Identificar os fatores determinantes da distancia percorrida no teste de
caminhada de seis minutos em pacientes com insuficiéncia cardiaca coexistente

a doenca pulmonar obstrutiva crénica;

36



4 REFERENCIAS DA REVISAO DE LITERATURA

ABEBAW M. Yohannes, W. Chen, Ana M. Moga, Martin J. Connolly. Cognitive
Impairment in Chronic Obstructive Pulmonary Disease and Chronic Heart
Failure: A Systematic Review and Meta-analysis of Observational Studies.
Journal of the American Medical Directors Association, 2017, Volume 18,
Issue 5, 451.e1 - 451.e11;

ABETE, P. et al. Cognitive impairment and cardiovascular diseases in the
elderly. A heart-brain continuum hypothesis. Ageing Research Reviews, v.
18C, p. 41-52, 11 ago. 2014.;

ABUDIAB MM, Redfield MM, Melenovsky V, Olson TP, Kass DA, Johnson
BD. Cardiac output response to exercise in relation to metabolic demand in
heart failure with preserved ejection fraction. Eur J Heart Fail. 2013;15:776-
85.

ALAGIAKRISHNAN Kannayiram, Darren Mah, Ali Ahmed, Justin Ezekowitz.
Cognitive decline in heart failure. Heart Fail Rev (2016) 21:661-673 DOI
10.1007/s10741-016-9568-1;

ALCIDES Rocha, Flavio F. Arbex, Priscilla A. Sperandio, Aline Souza, Ligia
Biazzim, Frederico Mancuso, Danilo C. Berton, Bruno Hochhegger, Maria
Clara N. Alencar, Luiz E. Nery, Denis E. O.Donnell, J Alberto Neder. Excess
ventilation in COPD-heart failure overlap: implications for dyspnea and
exercise intolerance. Am J Respir Crit Care Med. 2017 Nov 15;196(10):1264-
1274. doi: 10.1164/rccm.201704-06750C;

ALMEIDA, O. P. et al. Cognitive and brain changes associated with ischaemic
heart disease and heart failure. Eur Heart J. 2012 Jul;33(14):1769-76. doi:
10.1093/eurheartj/ehr467;

ALOSCO ML, Spitznage IMB, Josephson R, et al. COPD is associated with
cognitive dysfunction and poor physical fitness in heart failure. Heart Lung
2015;44: 21e26;

ALOSCO, M. L. et al. Reduced cerebral perfusion predicts greater depressive
symptoms and cognitive dysfunction at a 1-year follow-up in patients with
heart failure. International Journal of Geriatric Psychiatry, v. 29, p. 428-436,
2014;

37



AMANN M, Venturelli M, Ives SJ, et al. Group llI/IV muscle afferents impair
limb blood in pa- tients with chronic heart failure. Int J Cardiol 2014; 174:368—
75;

AMERICAN HEART ASSOCIATION statement, disponivel em
https://www.heart.org/en/health-topics/heart-failure/what-is-heart-failure;
AMERICAN THORACIC SOCIETY; American College of Chest Physicians.
ATS/ACCP Statement on cardiopulmonary exercise testing. Am J Respir Crit
Care Med. 2003 Jan 15;167(2):211-77;

AMERICAN THORACIC SOCIETY. ATS statement: guidelines for the six-
minute walk test. Am J Respir Crit Care Med 2002;166:111-117;

AMPADU James a, John E. Morley. Heart failure and cognitive dysfunction.
International Journal of Cardiology 178 (2015) 12-23;

ANDRIANOPOQOULOS Vasileios, Emiel F.M. Wouters, Victor M. Pinto-Plata,
Lowie E.G.W. Vanfleteren, Per S. Bakke, Frits M.E. Franssen, Alvar Agusti,

William MacNee, Stephen |. Rennard, Ruth Tal-Singer, loannis Vogiatzis,

Jorgen Vestbo, Bartolome R. Celli, Martijn A. Spruit. Prognostic value of
variables derived from the six-minute walk test in patients with COPD: Results
from the ECLIPSE study. Respiratory Medicine 109 (2015) 1138e1146;
ANZUETO A, Miravitlles M. Pathophysiology of dyspnea in COPD. Postgrad
Med. 2017 Apr;129(3):366-374. doi: 10.1080/00325481.2017.1301190. Epub
2017 Mar 17;

ARENA R, Myers J, Williams MA, Gulati M, Kligfield P, Balady GJ, Collins E,
Fletcher G; 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 Jul 17;116(3):329-43. Epub 2007 Jun 18;

ARENA Ross, Jonathan Myers, Syed Salman Aslam, Elsa B Varughese, Mary
Ann Peberdy. Peak VO2 and VE/VCO2 slope in patients with heart failure: a
prognostic comparison. American Heart Journal, Volume 147, Issue 2, 2004,
Pages 354-360, https://doi.org/10.1016/j.ahj.2003.07.014;

ATHER S, Chan W, Bozkurt B, et al. Impact of noncardiac comorbidities on
morbidity and mortality in a predominantly male population with heart failure

38



and preserved versus reduced ejection fraction. J Am Coll Cardiol. 2012;
59:998-1005).

ATS Committee on Proficiency Standards for Clinical Pulmonary Function
Laboratories. ATS statement: guidelines for the six-minute walk test. Am J
Respir Crit Care Med. 2002 Jul 1;166(1):111-7;

BAEKEY DM, Molkov YI, Paton JF, Rybak IA, Dick TE. Effect of baroreceptor
stimulation on the respiratory pattern: insights into respiratory-sympathetic
interactions. Respir Physiol Neurobiol. 2010; 174(1-2):135-145. DOI:
10.1016/j.resp.2010.09.006 [PubMed: 20837 166;

BARNES P. J., B. R. Celli. Systemic manifestations and comorbidities of
COPD. European Respiratory Journal, 2009 33: 1165-1185; DOI:
10.1183/09031936.00128008;

BARNES PJ, Celli BR. Systemic manifestations and comorbidities of COPD.
Eur Respir J 33: 1165-1185, 2009;

BARR RG., DA. Bluemke, FS. Ahmed, JJ. Carr, PL. Enright, EA. Hoffman, R.
Jiang, SM. Kawut, RA. Kronmal, JAC. Lima, E. Shahar, LJ. Smith, KE.
Watson, Percent emphysema, airflow obstruction, and impaired left
ventricular filling. N. Engl. J. Med. 362: 217-227

BARREIRO Esther & Joaquim Gea (2015) Respiratory and Limb Muscle
Dysfunction in COPD, COPD: Journal of Chronic Obstructive Pulmonary
Disease, 12:4, 413-426, DOI: 10.3109/15412555.2014.974737,
BARRETT-O’Keefe Z, Lee JF, Berbert A, et al. Hemodynamic responses to
small muscle mass exercise in heart failure patients with reduced ejection
fraction. Am J Physiol Heart Circ Physiol 2014;307:H1512-20;

BARRY A. Borlaug, Walter J. Paulus, Heart failure with preserved ejection
fraction: pathophysiology, diagnosis, and treatment, European Heart Journal,
32, Issue 6, March 2011, Pages 670-679, doi.org/10.1093/eurheartj/ehq426;
BARTOLOME Celli, Kay Tetzlaff, Gerard Criner, Michael |. Polkey, Frank
Sciurba, Richard Casaburi, Ruth Tal-Singer, Ariane Kawata, Debora Merrill
and Stephen Rennard, on behalf of the COPD Biomarker. The 6-Minute-Walk
Distance Test as a Chronic Obstructive Pulmonary Disease Stratification
Tool. Insights from the COPD Biomarker Qualification Consortium. Am J
Respir Crit Care Med Vol 194, Iss 12, pp 1483-1493, Dec 15, 2016;

39



BARZILAY JI, Blaum C, Moore T, Xue QL, Hirsch CH, Walston JD, Fried LP.
Insulin resistance and inflammation as precursors of frailty: the
Cardiovascular Health Study. Arch Intern Med 2007;167(7):635-41;
BEAUMONT Marc, Patrice Forget, Francis Couturaud, Gregory Reychler.
Effects of inspiratory muscle training in COPD patients: A systematic review
and meta-analysis. Clin Respir J. 2018;12 2178-2188;

BEERS Martijn van, Daisy J. A. Janssen, Harry R. Gosker & Annemie M. W.
J. Schols (2018) Cognitive impairment in chronic obstructive pulmonary
disease: disease burden, determinants and possible future interventions,
Expert Review of Respiratory Medicine, 12:12, 1061-1074;

BENNETT Jill A., Barbara Riegel, Vera Bittner, Joyce Nichols. Validity and
reliability of the NYHA classes for measuring research outcomes in patients
with cardiac disease. Heart & Lung, Volume 31, Issue 4, 2002, Pages 262-
270, doi.org/10.1067/mhl.2002.124554;

BOCCHI EA, Marcondes-Braga FG, Bacal F, Ferraz AS, Albuquerque D,
Rodrigues D, et al. Sociedade Brasileira de Cardiologia. Atualizagdo da
Diretriz Brasileira de Insuficiéncia Cardiaca Cronica. Arquivos Brasileiros de
Cardiologia 2012; 98(1): 1-33

BOSCHETTO P, Beghe B, Fabbri LM, Ceconi C. Link between chronic
obstructive pulmonary disease and coronary artery disease: implication for
clinical practice. Respirology 2012;17:422-31;

BOXER R, Kleppinger A, Ahmad A, Annis K, Hager D, Kenny A. The 6-minute
walk is associated with frailty and predicts mortality in older adults with heart
failure. Congest Heart Fail. 2010 Sep-Oct;16(5):208-13. doi: 10.1111/j.1751-
7133.2010.00151.x;

Brasil. Ministério da Saude. Plano de acbes estratégicas para o
enfrentamento das doengas cronicas ndo transmissiveis (DCNT) no Brasil,
2011-2022. Brasilia: Ministério da Saude; 2011;

BRETT E. Fenster, Kristen E. Holm, Howard D. Weinberger, Kerrie L. Moreau,
Kimberly Meschede, James D. Crapo, Barry J. Make, Russell Bowler,
Frederick S. Wamboldt, Karin F. Hoth. Right ventricular diastolic function and
exercise capacity in COPD. Respiratory Medicine 109 (2015) 1287 e 1292;

40



BRITTO RR, Probst VS, Dornelas de Andrade AF, Samora GAR, Hernandes
NA, Marinho PEM et al. Reference equations for the six-minute walk distance
based on a Brazilian multicenter study. Braz J Phys Ther. 2013 Nov-Dec;
17(6):556-563. http://dx.doi. org/10.1590/S1413-35552012005000122;
BRUNO M.L. Rocha, Gongalo J.L. Cunha, Luiz F. Menezes Falcdo. The
Burden of Iron Deficiency in Heart Failure: Therapeutic Approach. Journal of
the American College of Cardiology, V 71, Issue 7, 782-793, 2018,
doi.org/10.1016/j.jacc.2017.12.027;

BRUSSELLE Guy G, Guy F Joos, Ken R Bracke. New insights into the
immunology of chronic obstructive pulmonary disease. The Lancet, Volume
378, Issue 9795, 2011,Pages 1015-1026, doi.org/10.1016/S0140-
6736(11)60988-4;

BRYAN J. Taylor, T. Scott Bowen, Respiratory Muscle Weakness in Patients
with Heart Failure: Time to Make It a Standard Clinical Marker and a Need for
Novel Therapeutic Interventions, Journal of Cardiac Failure (2018),
doi.org/10.1016/j.cardfail.2018.02.007;

BURGEL PR, Paillasseur JL, Peene B, et al. Two distinct chronic obstructive
pulmonary disease (COPD) phenotypes are associated with high risk of
mortality. PLoS One. 2012;7(12):e51048. doi:10.1371/journal.pone.0051048;
C. Mark. COPD significantly reduces health-related quality of life, Respir.
Med. 105 (2011) 57-66;
CANDIA, Angelo Michele de; VILLACORTA JUNIOR, Humberto; MESQUITA,
Evandro Tinoco. Ativagado imune-inflamatéria na insuficiéncia cardiaca. Arq.
Bras. Cardiol. S&do Paulo, v. 89, n. 3, p. 201-208, Sept. 2007;
CELIS Preciado, C A; Borda, M; Patino-Hernandez, D; Cano, C; Perez-
Cepeda, M. Frailty and COPD Are Better Predictors of Mortality Rather Than
Each Entity Alone: A Secondary Analysis Of The Creles Study. American
Journal of Respiratory and Critical Care Medicine; New York Vol. 195, (2017);
CHUNG KF, Adcock IM. Multifaceted mechanisms in COPD: inflammation,
immunity, and tissue repair and destruction. Eur Respir J 2008; 31(6): 1334-
1356;

CIESIELSKA N, Sokotowski R, Mazur E, Podhorecka M, Polak-Szabela A,
Kedziora-Kornatowska K. Is the Montreal Cognitive Assessment (MoCA) test

41



better suited than the Mini-Mental State Examination (MMSE) in mild cognitive
impairment (MCI) detection among people aged over 60?7 Meta-analysis.
Psychiatr Pol. 2016 Oct 31;50(5):1039-1052. doi: 10.12740/PP/45368;
CASANOVA C; Claudia Cote, FCCP; Jose M. Marin, Victor Pinto-Plata,
FCCP; Juan P. de Torres, Armando Aguirre-jaime, Carlos Vassaux and
Bartolome R. Celli. Distance and Oxygen Desaturation During the 6-min Walk
Test as Predictors of Long-term Mortality in Patients With COPD. CHEST
2008; 134:746-752;

CAMERON Jan, Linda Worrall-Carter, Karen Page, Simon Stewart and
Chantal F Ski. Screening for mild cognitive impairment in patients with heart
failure: Montreal Cognitive Assessment versus Mini Mental State Exam.
European Journal of Cardiovascular Nursing 12(3) 252-260, DOI:
10.1177/1474515111435606;

CANEPA Marco Pier Luigi Temporellib Andrea Rossic Andrea Rossid
CANNON T D, Ana Claudia Coelho, Robert Cao, Andrew Cheng, Janos
Porszasz, Richard Casaburi, and Harry B. Rossiter. Skeletal muscle power
and fatigue at the tolerable limit of ramp-incremental exercise in COPD.
Journal of Applied Physiology 2016 121:6, 1365-1373;

CECO Ermelinda, Samuel E. Weinberg, Navdeep S. Chandel, and Jacob I.
Sznajder. Metabolism and Skeletal Muscle Homeostasis in Lung Disease. Am
J Respir Cell Mol Biol Vol 57, Iss 1, pp 28-34, Jul 2017,

CLEUTJENS A H M F, Martijn A Spruit, Rudolf W H M Ponds, Lowie E G W
Vanfleteren, Frits M E Franssen, Candy Gijsen, Jeanette B Dijkstra, Emiel F
M Wouters and Daisy J A Janssen. Cognitive impairment and clinical
characteristics in patients with chronic obstructive pulmonary disease.
Chronic Respiratory Disease 2018, Vol. 15(2) 91-102, 2017, DOI:
10.1177/1479972317709651;

COSTA D, Gongalves HA, Lima LP, ke D, Cancelliero KM, Montebelo MI.
New reference values for maximal respiratory pressures in the Brazilian
population. J Bras Pneumol. 2010;36(3):306-12, doi.org/10.1590/ S1806-
37132010000300007;

COTE CG., Victor Pinto-Plata, Kyra Kasprzyk, Luis J. Dordelly, Bartolome R.
Celli. The 6-Min Walk Distance, Peak Oxygen Uptake, and Mortality in COPD,
Chest, Volume 132, Issue 6, 2007, Pages 1778-1785,

42



doi.org/10.1378/chest.07-2050;

PASSINO C, Alberto Aimo, Gianluca Mirizzi, Michele Emdi. Exercise
intolerance in heart failure with preserved ejection fraction: A reappraisal of
central mechanisms? International Journal of Cardiology 254 (2018) 248—

249, doi.org/10.1016/j.ijcard.2017.11.114;
CLEGG A, Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in elderly
people. Lancet 2013;381(9868):752-62;

CLEUTJENS FA, Franssen FM, Spruit MA, et al. Domain-specific cognitive
impairment in patients with COPD and control subjects. Int J Chron Obstruct
Pul- mon Dis 2017; 12: 1-11;
CLYDE W. Yancy, Margarita Lopatin, Lynne Warner Stevenson, Teresa De
Marco, Gregg C. Fonarow. Clinical Presentation, Management, and In-
Hospital Outcomes of Patients Admitted With Acute Decompensated Heart
Failure With Preserved Systolic Function. Journal of the American College of
Cardiology Jan 2006, 47 (1) 76-84; DOI: 10.1016/j.jacc.2005.09.022;
COSIO BG, Soriano JB, Lépez-Campos JL, et al. Distribution and Outcomes
of a Phenotype-Based Approach to Guide COPD Management: Results from
the Chain Cohort. PLoS One. 2016;11(9): doi:10.1371/journal.pone.0160770;
DAJCZMAN Esther, Rima Wardini, Goulnar Kasymjanova, David Préfontaine,
Marc Alexander Baltzan, and Norman Wolkove, “Six Minute Walk Distance Is
a Predictor of Survival in Patients with Chronic Obstructive Pulmonary
Disease Undergoing Pulmonary Rehabilitation,” Canadian Respiratory
Journal, vol. 22, no. 4, pp. 225-229, 2015.
https://doi.org/10.1155/2015/280187,

DALL'AGO P, Chiappa GR, Guths H, Stein R, Ribeiro JP. Inspiratory muscle
training in patients with heart failure and inspiratory muscle weakness: a
randomized trial. J Am Coll Cardiol. 2006 Feb 21;47(4):757-63. Epub 2006
Jan 26;

DATASUS, 2008. Disponivel em www2.datasus.gov.br

DE BLOIS J, Simard S, Atar D, Agewall S, Norwegian Heart Failure
Registry.COPD predicts mortality in HF: the Norwegian Heart Failure
Registry. J Card Fail 2010; 16:225 — 229;

43



DEL BUONO MG, Arena R, Borlaug BA, et al. Exercise intolerance in patients
with heart failure: JACC State-of-the-Art Review. J Am Coll Cariol
2019;73:2209- 2225;

DENFELD Quin E., Winters-Stone Kerri, Mudd James O., Gelow Jill M., Kurdi
Sawsan, Lee Christopher S., The prevalence of frailty in heart fail- ure: A
systematic review and meta-analysis, International Journal of Cardiology
(2017), doi:10.1016/j.ijcard.2017.01.153;

DHAKAL BP, Malhotra R, Murphy RM, Pappagianopoulos PP, Baggish AL,
Weiner RB, Houstis NE, Eisman AS, Hough SS, Lewis GD. Mechanisms of
exercise intolerance in heart failure with preserved ejection fraction: the role
of abnormal peripheral oxygen extraction. Circ Heart Fail. 2015; 8:286—294.
doi: 10.1161/CIRCHEARTFAILURE.114.001825;

DHAKAL BP, Malhotra R, Murphy RM, Pappagianopoulos PP, Baggish AL,
Weiner RB. Mechanisms of exercise intolerance in heart failure with
preserved ejection fraction: the role of abnormal peripheral oxygen extraction.
Circ Heart Fail. 2015;8:286-94;

DIEZ Javier de Miguel, Jorge Chancafe Morgan and Rodrigo Jiménez Garcia.
The association between COPD and heart failure risk: a review. Int J Chron
Obstruct Pulmon Dis. 2013; 8: 305-312, doi: 10.2147/COPD.S31236;

DODD J.W., S.V. Getov and P.W. Jones. Cognitive function in COPD. Eur
Respir J 2010; 35: 913-922, DOI: 10.1183/09031936.001251009;

DODD JW, Charlton RA, van den Broek MD, Jones PW. Cognitive dysfunction
in patients hospitalized with acute exacerbation of COPD. Chest 2013;144:
119e127;

DORNHORST AC. Respiratory insufficiency. Lancet 1955;268(6876):1185-7

DOUCET M, Debigare R, Joanisse DR, et al. Adaptation of the diaphragm
and the vastus lateralis in mild-to-moderate COPD. Eur Respir J 2004; 24(6):
971-9;

DOURADO VZ et. Al. Reference equations for the 6-minutes walk test in
healthy individuals. Arq Bras Cardiol. 2011;96:e128-38,
doi.org/10.1590/S0066-782X2011005000024;

44



DOURADO VZ, Tanni SE, Vale SA, Faganello MM, Sanchez FF, Godoy I.
Manifestacbes sistémicas na doencga pulmonar obstrutiva cronica. J Bras
Pneumol. 2006; 32(2):161-71;

DOURADO zuniga Victor, suzana erico tanni, simone alves vale, marcia
maria faganello, fernanda figueirba sanchez, irma godoy. Systemic
manifestations in chronic obstructive pulmonary disease. Bras Pneumol.
2006;32(2):161-71;

DUBE, Bruno-Pierre, and Martin Dres. “Diaphragm Dysfunction: Diagnostic
Approaches and Management Strategies.” Journal of clinical medicine vol.
5,12 113. 5 Dec. 2016, doi:10.3390/jcm5120113;

ENRIGHT PL. The six minute walk test. Respir Care. 2004; 48(8):783-5;
FISHER K.A., M.S. Stefan, C. Darling, D. Lessard, R.J. Goldberg, Impact of
COPD on the mortality and treatment of patients hospitalized with acute
decompensated heart failure: the Worcester Heart Failure Study, Chest 147
(2015) 637-645;

FONTANA L, Addante F, Copetti M, Paroni G, Fontana A, Sancarlo D,
Pellegrini F, Ferrucci L, Pilotto A. Identification of a metabolic signature for
multidimensional impairment and mortality risk in hospitalized older patients.
Aging Cell. 2013 Jun;12(3):459-66. doi: 10.1111/acel.12068;

FRAGOSO E., S. André, J.P. Boleo-Tomé, V. Areias, J. Munha, J. Cardoso.
Understanding COPD: A vision on phenotypes, comorbidities and treatment
approach. Revista Portuguesa de Pneumologia, Volume 22, Issue 2, 2016,
Pages 101-111, doi.org/10.1016/j.rppnen.2015.12.00;

FRAZAO, Murillo; Silva, Paulo Eugénio, Frazdo, Wanessa; da Silva, Vinicius
Zacarias Maldaner; Correia, Marco Aurélio de Valois Jr, Neto, Mansueto
Gomes. Dynamic Hyperinflation Impairs Cardiac Performance During
Exercise in COPD. Journal of Cardiopulmonary Rehabilitation and
Prevention: May 2019 - Volume 39 - Issue 3 - p 187-192, doi:
10.1097/HCR.0000000000000325;

FRIED LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J,
Seeman T, Tracy R, Kop WJ, Burke G, McBurnie MA; Cardiovascular Health
Study Collaborative Research Group. Frailty in older adults: evidence for a
phenotype. J Gerontol A Biol Sci Med Sci. 2001 Mar;56(3):M146-56;

45



GAERTNER R, Lepailleur-Enouf D, Gonzalez W, et al. Pulmonary
endothelium as a site of synthesis and storage of interleukin-6 in experimental
congestive heart failure. Eur J Heart Fail 2003;5:435— 4;

GAN WQ, Man SFP, Senthilselvan A, et al Association between chronic
obstructive pulmonary disease and systemic inflammation: a systematic

review and a meta-analysis Thorax 2004;59:574-580;

GLOBAL INITIATIVE FOR CHRONIC OBSTRUCTIVE LUNG DISEASE.
Global Strategy for Diagnosis, Management, and Prevention of COPD.
Updated 2019. Available from: http://www.goldcopd.org/Guidelines;
GOLDWATER DS and Pinney SP (2015) Frailty in advanced heart failure: A
consequence of aging or a separate entity? Clinical Medicine Insights:
Cardiology 9: 39-46;

GONZALEZ P., I. Machado, A. Vilcaes, C. Caruso, G.A. Roth, H. Schioth, M.
Lsaga, T. Scimonelli. Molecular mechanisms involved in interleukin 1-beta (IL-

1B)-induced memory impairment. Modulation by alpha-melanocyte-
stimulating hormone (a-MSH), Brain Behav. Immun. 34 (2013) 141-150);
GONZINIE Lucio Gian Luigi Nicolosif Lidia Staszewskyg Roberto Marchiolih
Aldo Pietro Maggionie Luigi Tavazzii on behalf of the GISSI-HF Investigators.
Prevalence and Prognostic Impact of Chronic Obstructive Pulmonary Disease
in Patients with Chronic Heart Failure: Data from the GISSI-HF Trial.
Cardiology 2017;136:128-137, DOI: 10.1159/000448166;

GOSKER HR, Zeegers MP, Wouters EFM, et al Muscle fibre type shifting in
the vastus lateralis of patients with COPD is associated with disease severity:
a systematic review and meta-analysis Thorax 2007;62:944-949;

GRIFFO, R., Spanevello, A., Temporelli, P. L., Faggiano, P., Carone, M.,
Magni, G., Tavazzi, L. (2017). Frequent coexistence of chronic heart failure
and chronic obstructive pulmonary disease in respiratory and cardiac
outpatients: Evidence from SUSPIRIUM, a multicentre Italian survey.
European Journal of Preventive Cardiology, 24(6), 567-576,
doi.org/10.1177/2047487316687425;

GUENETTE Jordan A., Roberto C. Chin, Sicheng Cheng, Paolo B. Dominelli,
Natya Raghavan, Katherine A. Webb, J. Alberto Neder, Denis E. O’'Donnell.

Mechanisms of exercise intolerance in Global Initiative for Chronic

46



Obstructive Lung Disease grade 1 COPD. European Respiratory Journal Nov
2014, 44 (5) 1177-1187; DOI: 10.1183/09031936.00034714;

HAARMANN Helge, Jan Folle, Xuan Phuc Nguyen, Peter Herrmann, Karsten
Heusser, Gerd Hasenfull, Stefan Andreas & Tobias Raupach (2016):
Sympathetic Activation is Associated with Exercise Limitation in COPD,
COPD: Journal of Chronic Obstructive Pulmonary Disease, DOI:
10.3109/15412555.2015.1136272;

HAI-JIAN Liu, Jian Guo, Qin-hua Zhao, Lan Wang, Wen-lan Yang, Jing He,
Su-gang Gong and Jin-ming Liu, Chronotropic Incompetenceand its Relation
to Exercise Intolerance in Chronic Obstructive Pulmonary Disease, The
American Journal of the Medical Sciences,
dx.doi.org/10.1016/j.amjms.2016.12.015;

HAN MK, Agusti A, Calverley PM, Celli BR, Criner G, et al. (2010) Chronic
obstructive pulmonary disease phenotypes: the future of COPD. Am J Respir
Crit Care Med 182: 598-604;

HAWKINS Nathaniel M., Sean Virani and Claudio Ceconi. Heart failure and
chronic obstructive pulmonary disease: the challenges facing physicians and
health services. European Heart Journal (2013) 34, 2795-2803
doi:10.1093/eurheartj/eht192

HAWKINS Nathaniel Mark, Mark C. Petrie, Pardeep S. Jhund, George W.
Chalmers, Francis G. Dunn, and John J.V. McMurray. Heart failure and
chronic obstructive pulmonary disease: diagnostic pitfalls and epidemiology.
European Journal of Heart Failure (2009) 11, 130-139 REVIEW
doi:10.1093/eurjhf/hfn013;

HAWKINS NM, Petrie MC, Jhund PS, et al. Heart failure and chronic
obstructive pulmonary disease: diagnostic pitfalls and epidemiology. Eur J
Heart Fail. 2009;11:130e139;

HAYKOWSKY MJ, Tomczak CR, Scott JM, Paterson DI, Kitzman DW.
Determinants of exercise intolerance in patients with heart failure and reduced
or preserved ejection fraction. J Appl Physiol (1985) 2015;119:739-44;
HAYKOWSKY MJ, Tomczak CR, Scott JM, Paterson DI, Kitzman DW.

Determinants of exer- cise intolerance in patients with heart failure and

47



reduced or preserved ejection fraction. J Appl Physiol (1985) 2015;119:739—
44;

HOGG Karen, Karl Swedberg, John McMurray. Heart failure with preserved
left ventricular systolic function. Journal of the American College of Cardiology
Feb 2004, 43 (3) 317-327; DOI: 10.1016/j.jacc.2003.07.046;

HOGG, J. C., & Timens, W. (2009). The Pathology of Chronic Obstructive
Pulmonary Disease. Annual Review of Pathology: Mechanisms of Disease,
4(1), 435-459. doi:10.1146/annurev.pathol.4.110807.092145;

HOUMAN Ashrafian, Michael P. Frenneaux and Lionel H. Opie. Metabolic
Mechanisms in Heart Failure. Circulation 2007; 116:434-448,
doi.org/10.1161/CIRCULATIONAHA.107.702795

HOUSTIS Nicholas E., Aaron S. Eisman, Paul P. Pappagianopoulos, Luke
Wooster, Cole S. Bailey, Peter D. Wagner, Gregory D. Lewis. Exercise
Intolerance in Heart Failure With Preserved Ejection Fraction: Diagnosing and
Ranking Its Causes Using Personalized O2 Pathway Analysis. Circulation.
2018;137:148-161. DOI: 10.1161/CIRCULATIONAHA.117.029058;

HUANG YL, Min J, Li GH, Zheng YQ, Wu LH, Wang SJ, Qu B, Mao B. [The
Clinical Study of Comorbidities and Systemic Inflammation in COPD]. Sichuan
Da Xue Xue Bao Yi Xue Ban. 2019 Jan;50(1) 88-108. PMID: 31037911;

IEPSEN X U. W., G. W. Munch, M. Rugbjerg, C. K. Ryrsg, N. H. Secher, Y.
Hellsten, P. Lange, B. K. Pedersen, P. Thaning and S. P. Mortensen. Leg
blood flow is impaired during small muscle mass exercise in patients with
COPD. J Appl Physiol 123: 624—631, 2017,

Il Consenso DPOC- Sociedade Brasileira de Pneumologia e Tisiologia, 2004;
INGLE LEE, Alan S. Rigby, Sean Carroll, Ron Butterly, Rod F. King, Carlton
B. Cooke, John G.J.F. Cleland, and Andrew L. Clark. Prognostic value of the
6 min walk test and self-perceived symptom severity in older patients with
chronic heart failure. European Heart Journal (2007) 28, 560-568
doi:10.1093/eurheartj/ehl527;

JAENISCH Rodrigo B., Vitor S. Hentschke, Edson Quagliotto, Paulo R.
Cavinato, Letiane A. Schmeing, Léder L. Xavier and Pedro Dal Lago.

Respiratory muscle training improves hemodynamics, autonomic function,

48



baroreceptor sensitivity, and respiratory mechanics in rats with heart failure.
J Appl Physiol 111: 1664—-1670, 2011, doi:10.1152/japplphysiol.01245.2010;
JAMES, Matthew D., and Kathryn M. Milne BSca. "The Pathophysiology of
Dyspnea and Exercise Intolerance Obstructive in Pulmonary Chronic."
Exercise Physiology, An Issue of Clinics in Chest Medicine, Ebook 40.2
(2019): 343-366.

JESSUP M, Abraham WT, Casey DE, Feldman AM, Francis GS, Gani- ats
TG, Konstam MA, Mancini DM, Rahko PS, Silver MA, Stevenson LW, Yancy
CW. 2009 focused update: ACCF/AHA Guidelines for the Diagnosis and
Management of Heart Failure in Adults: a report of the American College of
Cardiology Foundation/American Heart Association Task Force on Practice
Guidelines: developed in collaboration with the International Society for Heart
and Lung Transplantation. Circulation. 2009;119:1977-2016.

JHA SR, Hannu MK, Chang S, Montgomery E, Harkess M, Wilhelm K,
Hayward CS, Jabbour A, Spratt PM, Newton P, Davidson PM, and Macdonald
PS (2016) The prevalence and prognostic significance of frailty in patients
with advanced heart failure referred for heart transplantation. Transplantation
100: 429-436;

JORGE, Antonio José Lagoeiro et al. Avaliagdo da Qualidade de Vida em
Pacientes com e sem Insuficiéncia Cardiaca na Atengao Primaria. Arg. Bras.
Cardiol. Sdo Paulo, v. 109, n. 3, p. 248-252, Sept. 2017,

KELLEY RC, Ferreira LF. Diaphragm abnormalities in heart failure and aging:
mechanisms and integration of cardiovascular and respiratory
pathophysiology. Heart Fail Rev. 2017;22(2):191-207. doi:10.1007/s10741-
016-9549-4;

KENNEDY CC, Novotny PJ, LeBrasseur NK, Wise RA, Sciurba FC, Benzo
RP. Frailty and Clinical Outcomes in Chronic Obstructive Pulmonary Disease.
Ann Am Thorac Soc. 2019 Feb;16(2):217-224. doi:
10.1513/AnnalsATS.201803-1750C;

KETEYIAN SJ, Squires RW, Ades PA, Thomas RJ. Incorporating patients with
chronic heart failure into outpatient cardiac rehabilitation: practical
recommendations for exercise and self-care counseling- a clinical review. J
Cardiopulm Rehabil Prev. 2014; 34(4):223-232.
doi:10.1097/HCR.0000000000000073;

49



KLIMATHIANAKI, K. Vaporidi and D. Georgopoulos. Respiratory Muscle
Dysfunction in COPD: From Muscle to Cell M. Current Drug Targets, 2011,
12, 478-488;

KUPPER Nina, Cynthia Bonhof, Bert Westerhuis, Jos Widdershoven, Johan
Denollet. Determinants of Dyspnea in Chronic Heart Failure, Journal of
Cardiac Failure, Volume 22, Issue 3, 2016,
doi.org/10.1016/j.cardfail.2015.09.016;

LAHOUSSE L, Ziere G, Verlinden VJ, et al. Risk of frailty in elderly with COPD:
a population-based study. J Gerontol A Biol Sci Med Sci. 2016; 71(5):689—
695;

LAM CSP, Lund LH. Microvascular endothelial dysfunction in heart failure with
preserved ejection fraction Heart 2016;102:257-259).

LEE DS, Gona P, Vasan RS. Relation of disease pathogenesis and risk
factors to heart failure with preserved or reduced ejection fraction: insights
from the framingham heart study of the national heart, lung, and blood
institute. Circulation, 2009; 119 (24): 3070-3077.
doi:10.1161/CIRCULATIONAHA.108.815944

LETO Laura, Mauro Feola. Cognitive impairment in heart failure patients.
Journal of Geriatric Cardiology (2014) 11: 316-328);

LEVIN SN, Hajduk AM, McManus DD, et al. Cognitive status in patients hospi-
talized with acute decompensated heart failure. Am Heart J 2014;168: 917-
923;

LEVINE S, Nguyen T, Kaiser LR, et al. Human Diaphragm Remodeling
Associated with Chronic Obstructive Pulmonary Disease: Clinical
Implications. Am J Respir Crit Care Med 2003; 168(6): 706-13;

LEWIS Philip, O'Halloran Ken D.Diaphragm Muscle Adaptation to Sustained
Hypoxia: Lessons from Animal Models with Relevance to High Altitude and
Chronic Respiratory Diseases. Frontiers in Physiology, VOLUME 7, 623,
2016, DOI=10.3389/fphys.2016.00623;

LEZAK MD, Howieson DB, Bigler ED, et al. Neuropsychological assessment.
5th. New York, NY: Oxford University Press; 2012;

50



MABUCHI N, Tsutamoto T, Wada A, et al. Relationship between interleukin-
6 production in the lungs and pulmonary vascular resistance in patients with
congestive heart failure. Chest 2002;121:1195-202;

MACCHIA A, Monte S, Romero M, D’Ettorre A, Tognoni G. The prognostic
influence of chronic obstructive pulmonary disease in patients hospitalised for
chronic heart failure. Eur J Heart Fail. 2007;9(9):942— 948. pii:S1388—
9842(07)00254—1. doi:10.1016/j.ejheart.2007.06.004;

MACNEE W: Is chronic obstructive pulmonary disease an accelerated aging
disease? Ann Am Thorac Soc 13 (Suppl 5): S429-S437, 2016;

MALHOTRA Rajeev, Kristian Bakken, Emilia D’Elia, Gregory D. Lewis.
Cardiopulmonary Exercise Testing in Heart Failure. JACC: Heart Failure Aug
2016, 4 (8) 607-616; DOI: 10.1016/j.jchf.2016.03.022;

MALTAIS F, Decramer M, Casaburi R, et al. An official American Thoracic
Society/European Respiratory Society statement: update on limb muscle
dysfunction in chronic obstructive pulmonary disease. Am J Respir Crit Care
Med 2014; 189(9): e15—e62;

MANDI, D.G., Naibé, D.T., Bamouni, J., Yaméogo, R.A., Kambire, Y., Kologo,
K.J., Millogo, G.R.C., Yaméogo, N.V., Tall, A.T. and Zabsonre, P. (2018)
Long-Term Re-Admission after Hospital Discharge in Patients Admitted with
Acute Heart Failure: The Prognostic Value of the Six-Minute Walk Test
Distance. Open Access Library Journal, 5: e4841,
doi.org/10.4236/0alib.1104841;

MANGNER, Weikert, Bowen, Sandri, Hollriegel, Erbs, Hambrecht, Schuler,
Linke, Gielen, Adams. Skeletal muscle alterations in chronic heart failure:
differential effects on quadriceps and diaphragm. J Cachexia Sarcopenia
Muscle. 2015 Dec;6(4):381-90. doi: 10.1002/jcsm.12034. Epub 2015 Apr 30;
Margherita Padeletti, Sanja Jelic, Thierry H. LeJemtel. Coexistent chronic
obstructive pulmonary disease and heart failure in the elderly. International
Journal of Cardiology 125 (2008) 209-215;

MARK B D and Michael S. Lauer. Exercise Capacity: The Prognostic Variable
That Doesn't Get Enough Respect. Circulation. 2003;108:1534-1536,
doi.org/10.1161/01.CIR.0000094408.38603.7E;

MASCARENHAS Joana, Ana Azevedo and Paulo Bettencourt. Coexisting
chronic obstructive pulmonary disease and heart failure: implications for

51



treatment, course and mortality. Current Opinion in Pulmonary Medicine
2010, 16:106 — 111

MCAFOOQOSE J., B.T. Baune BT, Evidence for a cytokine model of cognitive
function, Neurosci. Biobehav. Rev. 33 (2009) 355-366.

MCNAMARA RJ, Houben-Wilke S, Franssen FME, Smid DE, Vanfleteren
LEGW, Groenen MTJ, Uszko-Lencer NHMK, Wouters EFM, Alison JA, Spruit
MA, Determinants of functional, peak and endurance exercise capacity in
people with chronic obstructive pulmonary disease, Respiratory Medicine
(2018), doi: 10.1016/j.rmed.2018.03.032;

MENDONCA CT, Schaeffer MR, Riley P, et al. Physiological mechanisms of
dyspnea during exercise with external thoracic restriction: role of increased
neural respiratory drive. J Appl Physiol 2014; 116: 570-581;

MENTZ RJ, Schmidt PH, Kwasny MJ, Ambrosy AP, O’Connor CM, Konstam
MA, Boudestein LC, Rutten FH, Cramer MJ, Lammers JW, Hoes AW. The
impact of concurrent heart failure on prognosis in patients with chronic
obstructive pulmonary disease, Eur J Heart Fail, 2009, vol. 11 (pg. 1182-1188)
MENTZ Robert J., Phillip J. Schulte, Jerome L. Fleg, Mona Fiuzat, William E.
Kraus, lleana L. Pifa, Steven J. Keteyian, Dalane W. Kitzman, David J.
Whellan, Stephen J. Ellis and Christopher M. O'Connor. Clinical
characteristics, response to exercise training, and outcomes in patients with
heart failure and chronic obstructive pulmonary disease: Findings from Heart
Failure and A Controlled Trial Investigating Outcomes of Exercise TraiNing
(HF-ACTION).  Am Heart J. 2013  Feb;165(2):193-9. doi:
10.1016/j.ahj.2012.10.029. Epub 2012 Nov 28;

MILLER J, Edwards LD, Agusti A, et al. Comorbidity, systemic inflammation
and outcomes in the ECLIPSE cohort. Respir Med 2013; 107(9): 1376-84.);
MIYAGI Mari, Yoshiharu Kinugasa, Takeshi Sota, Kensaku Yamada, Takuya
Ishisugi, Masayuki Hirai, Kiyotaka Yanagihara, Nobuhiko Haruki, Koichi
Matsubara, Masahiko Kato, Kazuhiro Yamamoto. Diaphragm Muscle
Dysfunction in Patients with Heart Failure, Journal of Cardiac Failure (2017),
https://doi.org/10.1016/j.cardfail.2017.12.004;

MOLINA Rosa Malo de, Silvia Aguado, Carlos Arellano, Manuel Valle and
Piedad Ussetti. Ischemic Heart Disease during Acute Exacerbations of
COPD. Med. Sci. 2018, 6(4), 83; doi.org/10.3390/medsci6040083;

52



MONTERO David, Candela Diaz-Cafestro. Determinants of exercise
intolerance in heart failure with preserved ejection fraction: A systematic
review and meta-analysis. International Journal of Cardiology 254 (2018)
224-229);

MORAIS, Elizabeth Rodrigues de; RASSI, Salvador. Determinants of the
Distance Covered During a Six-Minute Walk Test in Patients with Chronic
Heart Failure. Int. J. Cardiovasc. Sci., Rio de Janeiro, v. 32, n. 2, p. 134-
142, Apr. 2019, doi.org/10.5935/2359-4802.20180088;

MORALES-Blanhir JE, Vidal CDP, Romero JR, Castro MMG, Villegas L,
Zamboni M. Teste de caminhada de seis minutos: uma ferramenta valiosa na
avaliacdo do comprometimento pulmonar. J Bras Pneumol. 2011;37(1):110-
117;

MOZAFFARIAN D, Benjamin EJ, Go AS, Amett DK, Blaha MJ, Cushman M,
et al. Heart disease and stroke statistics. Circulation. 2015; 131(4): 29— 32;
Murad K, Kitzman D. Frailty and multiple comorbidities in the elderly patient
with heart failure: implications for management. Heart Fail Rev. 2011;17:581—
588;

Ng C-Y, Yusof K, Othman F, Jaarin K. The role of repeatedly heated soybean
oil in the development of hypertension in rats: association with vascular
inflammation. Int J Exp Pathol 2012;93(5):377-87.
http://dx.doi.org/10.1111/j.1365-2613.2012. 00839.x;

O’DONNELL DE. Hyperinflation, dyspnea, and exercise intolerance in chronic
obstructive pulmonary disease. Proc Am Thorac Soc 2006; 3: 180-84;
O’DONNELL, Elbehairy, Webb, et al. Inspiratory Capacity and Exercise
Intolerance in COPD. AnnalsATS Volume 14 Supplement 1, 2017;
OTTENHEIJM, C. A,, Heunks, L. M., & Dekhuijzen, R. P. (2008). Diaphragm
adaptations in patients with COPD. Respiratory research, 9(1), 12.
doi:10.1186/1465-9921-9-12;

OWAN TE, Hodge DO, Herges RM, Jacobsen SJ, Roger VL, Redfield MM.
Trends in prevalence and outcome of heart failure with preserved ejection
fraction. N Engl J Med 2006;355:251-9.

PAULUS WJ, Tschope C. A novel paradigm for heart failure with preserved
ejection fraction: comorbidities drive myocardial dysfunction and remodeling

53



through coronary microvascular endothelial inflammation. J Am Coll Cardiol.
2013; 62:263-71;

PAUWELS Romain A, Klaus F Rabe. Burden and clinical features of chronic
obstructive pulmonary disease (COPD). The Lancet,Volume 364, Issue 9434,
2004, Pages 613-620, doi.org/10.1016/S0140-6736(04)16855-4;

PEDRAZA S., T.A. Barrett, C.M. Hritz. Frailty in Heart Failure Patients.
Encyclopedia of Cardiovascular Research and Medicine, Elsevier, 2018,
Pages 298-302, doi.org/10.1016/B978-0-12-809657-4.11047-6;

PELLICORI P, Salekin D, Pan D et al. This patient is not breathing properly:
is this COPD, heart failure, or neither? Expert Rev Cardiovasc Ther. 2017
May;15:389-96;

PEPERA Garyfallia, Lee Ingle, and Gavin RH Sandercock. Predictors of the
6-minute walk test in patients with chronic heart failure. British Journal of
Cardiac Nursing 2015 10:9, 454-549;
GERBER, Y. et al. A contemporary appraisal of the heart failure epidemic in
Olmsted County, Minnesota, 2000 to 2010. JAMA Intern. Med. 175, 996-1004
(2015);

GIACOMELLI, I.L. et al. Pacientes portadores de DPOC hospitalizados:
analise do tratamento prévio. Jornal Brasileiro de Pneumologia, v. 40, n. 3, p.
229-237, 2014

PESSOA IMBS, Houri Neto M, Montemezzo D, Silva LAM, Andrade AD,
Parreira VF. Predictive equations for respiratory muscle strength according to
international and Brazilian guidelines. Braz. J. Phys. Ther. vol.18 no.5 S&o
Carlos Sept./Oct. 2014. Epub Sep 12, 2014;

PETERSEN Ronald C., Oscar Lopez, Melissa J. Armstrong, Thomas S.D.
Getchius, Mary Ganguli, David Gloss, Gary S. Gronseth, Daniel Marson,
Tamara Pringsheim, Gregory S. Day, Mark Sager, James Stevens, Alexander
Rae-Grant. Practice guideline update summary: Mild cognitive impairment.
Neurology Jan 2018, 90 (3) 126-135; DOI:
10.1212/WNL.0000000000004826;

PIRINA Pietro, Marco Martinetti, Claudia Spada, Elisabetta Zinellu, Rosanna
Pes, Efisio Chessa, Alessandro Giuseppe Fois, Marc Miravitlles, on behalf of

54



the COPD-HF Study Group. Prevalence and management of COPD and heart
failure comorbidity in the general practitioner setting. Respiratory Medicine
131 (2017) 1e5, doi: 10.1016/j.rmed.2017.07.059;

PLEGUEZUELOS Eulogio, Cristina Esquinas, Eva Moreno, Lluis Guirao,
Javier Ortiz, Joan Garcia-Alsina6, Alex Mer, Marc Miravitlles. Muscular
Dysfunction in COPD: Systemic Effect or Deconditioning? Lung (2016) 194:
249. doi.org/10.1007/s00408-015-9838;

PONIKOWSKI P, Anker SD, Alhabib KF, Cowie MR, Force TL, Hu S, et al.
Heart failure: preventing disease and death worldwide. ESC-HF. 2014; 4-25;

PONIKOWSKI P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, et al.
2016 ESC Guidelines for the diagnosis and treatment of acute and chronic
heart failure: The Task Force for the diagnosis and treatment of acute and
chronic heart failure of the European Society of Cardiology (ESC) Developed
with the special contribution of the Heart Failure Association (HFA) of the
ESC. Eur Heart J. 2016;37(27):2129-200.

POULAIN Magali, Fabienne Durand, Bernard Palomba, Frangois Ceugniet,
Jacques Desplan, Alain Varray and Christian Prefaut. 6-Minute Walk Testing
Is More Sensitive Than Maximal Incremental Cycle Testing for Detecting
Oxygen Desaturation in Patients With COPD. CHEST 2003; 123:1401-1407;
RITCHIE Hannah and Max Roser (2019) - "Causes of Death". Published
online at OurWorldinData.org. Retrieved from:
'https://ourworldindata.org/causes-of-death’;

RODRIGUEZ DA, Garcia-Aymerich J, Valera JL, et al. Determinants of
exercise capacity in obese and non-obese COPD patients. Resp Med 2014;
108:745-751

ROHDE, Luis Eduardo Paim and COMITE COORDENADOR DA DIRETRIZ
DE INSUFICIENCIA CARDIACA et al. Diretriz Brasileira de Insuficiéncia
Cardiaca Cronica e Aguda. Arq. Bras. Cardiol, 2018, vol.111, n.3, pp.436-
539.

ROSS RM, Murthy JN, Wollak ID, Jackson AS. The six minute walk test
accurately estimates mean peak oxygen uptake. BMC Pulm Med. 2010;10:31.
Published 2010 May 26. doi:10.1186/1471-2466-10-31;

55



RUBIM VSM, Drumond Neto C, Romeo JLM, Montera MW. Valor Prognostico
do Teste de Caminhada de Seis Minutos na Insuficiéncia Cardiaca. Arquivos
Brasileiros Cardiologia. 2006; 86(2): 120-125;

RUSHTON CA, Satchithananda DK, Jones PW, Kadam UT. Non-
cardiovascular comorbidity, severity and prognosis in non-selected heart
failure populations: a systematic review and meta-analysis. Int J Cardiol.
2015;196:98-106

RUSINARU D, Saaidi |, Godard S, Mahjoub H, Battle C, Tribouilloy C. Impact
of chronic obstructive pulmonary disease on long-term outcome of patients
hospitalized for heart failure. Am J Cardiol 2008;101:353-358;

SCHOOS MM, Dalsgaard M, Kjaergaard J, et al. Echocardiographic
predictors of exercise capacity and mortality in chronic obstructive pulmonary
disease. BMC Cardiovasc Disor 2013; 13:84. DOI:10.1186/1471-2261-13-84;
SCHRAMM, Joyce Mendes de Andrade et al. Transi¢ao epidemiolégica e o
estudo de carga de doencga no Brasil. Ciénc. saude coletiva, Rio de Janeiro ,
v.9,n. 4, p. 897-908, Dec. 2004;

SCHUTTE, A. E. (2017). Global, regional, and national age-sex specific
mortality for 264 causes of death, 1980-2016: a systematic analysis for the
Global Burden of Disease Study 2016;

SHAH Sanjiv J, Carolyn S P Lam, Sara Svedlund, Antti Saraste, Camilla
Hage, Ru-San Tan, Lauren Beussink-Nelson, Ulrika Ljung Faxén, Maria
Lagerstrom Fermer, Malin A Broberg, Li-Ming Gan, Lars H Lund. Prevalence
and correlates of coronary microvascular dysfunction in heart failure with
preserved ejection fraction: PROMIS-HFpEF, European Heart Journal,
Volume 39, Issue 37, 01 October 2018, Pages 3439-3450;

SHARMA Kavita and David A. Kass. Heart Failure With Preserved Ejection
Fraction: Mechanisms, Clinical Features, and Therapies.Circulation
Research. 2014;115:79-96, doi.org/10.1161/CIRCRESAHA.115.302922;

SHIBA N, Shimokawa H. Chronic kidney dis- ease and heart failure—
bidirectional close link and common therapeutic goal. J Cardiol 2011;57: 8—
17;

56



SHIMIAIE J., J. Sherez, G. Aviram, R. Megidish, S. Viskin, A. Halkin, et al.,
Determinants of effort intolerance in patients with heart failure: combined
echocardiography and cardiopulmonary stress protocol, JACC Heart Fail. 3
(2015) 803-814.

SIECK GC, Ferreira LF, Reid MB, Mantilla CB. Mechanical properties of
respiratory muscles. Compr Physiol. 2013; 3(4):1553-1567. DOI:
10.1002/cphy.c130003 [PubMed: 24265238];

SINGER Jonathan, Edward H. Yelin, Patricia P. Katz, Gabriela Sanchez,
Carlos Iribarren, Mark D. Eisner and Paul D. Blanc. Respiratory and skeletal
muscle strength in COPD: Impact on exercise capacity and lower extremity
function. J Cardiopulm Rehabil Prev. 2011; 31(2): 111-119.
doi:10.1097/HCR.0b013e3182033663;

SINGH B, Mielke MM, Parsaik AK, et al. A prospective study of chronic
obstructive pulmonary disease and risk of mild cognitive impairment. JAMA.
Neurol 2014;71:581e588.

SOARES MR, Pereira CA. Six-minute walk test: reference values for healthy
adults in Brazil. J Bras Pneumol. 2001;37(5):576-83;

SOUZA RB. Pressdes respiratdrias estaticas maximas. J Pneumol.
2002;28(Supl 3):S155-65;

SPRUITA Martijn A., Michael L. Watkinsb, Lisa D. Edwardsb, JOrgen
Vestboc, Peter M.A. Calverleye, Victor Pinto-Plataf, Bartolome R. Cellif, Ruth
Tal-Singerg, Emiel F.M. Woutersa. Determinants of poor 6-min walking
distance in patients with COPD: The ECLIPSE cohort. Respir Med. 2010
Jun;104(6):849-57. doi: 10.1016/j.rmed.2009.12.007. Epub 2010 May 14;

STEINBERG BA, Zhao X, Heidenreich PA, Get With the Guidelines Scientific
Advisory Committee and Investigators, et al. Trends in patients hospitalized
with heart failure and preserved left ventricular ejection fraction: prevalence,
therapies, and outcomes. Circulation. 2012;126:65-75.

TAIVASSALO Tanja, Sabah N.A. Hussain. Contribution of the Mitochondria
to Locomotor Muscle Dysfunction in Patients With COPD. Chest, Volume 149,
Issue 5, 2016, Pages 1302-1312, doi.org/10.1016/j.chest.2015.11.021;

57



TAKUYA Kishi. Heart failure as an autonomic nervous system dysfunction,
Journal of Cardiology,V59, Issue 2, 2012,117-
122,doi.org/10.1016/j.jjcc.2011.12.006;

TEODORCZYK Wegrzynowska Kinga, Eliza Rudzinska, Malgorzata
Lazorczyk, Katarzyna Nowakowska, Waldemar Banasiak, Piotr Ponikowski,
Marek Wozniewski, Ewa Anita Jankowska. Distance covered during a six-
minute walk test predicts long-term cardiovascular mortality and
hospitalisation rates in men with systolic heart failure: an observational study.
Journal of Physiotherapy, Volume 59, Issue 3, 2013, Pages 177-187,
doi.org/10.1016/S1836-9553(13)70182-6;

TESTA Gianluca, Francesco Cacciatore, Andrea Bianco, David Della-Morte,
Francesca Mazzella, Gianluigi Galizia, Gaetano Gargiulo, Francesco Curcio,
llaria Liguori, Alexandra Sabusco, Franco Rengo, Domenico Bonaduce,
Pasquale Abete. Chronic obstructive pulmonary disease and long-term
mortality in elderly subjects with chronic heart failure. Aging Clin Exp Res.
2017 Dec;29(6):1157-1164. doi: 10.1007/s40520-016-0720-5;

THIERRY H. Le Jemtel, Margherita Padeletti, Sanja Jelic. Diagnostic and
Therapeutic Challenges in Patients with Coexistent Chronic Obstructive
Pulmonary Disease and Chronic Heart Failure. Journal of the American
College of Cardiology Jan 2007, 49 (2) 171-180; DOl
10.1016/j.jacc.2006.08.046;

TONNESSEN T, Florholmen G, Henriksen UL, Christensen G.
Cardiopulmonary alterations in mMRNA expression for interleukin-1beta, the
interleukin-6 superfamily and CXC-chemokines during development of
postischaemic heart failure in the rat. Clin Physiol Funct Imaging
2003;23:2638;

TRIPOSKIADIS Filippos, George Karayannis, Grigorios Giamouzis, John
Skoularigis, George Louridas, Javed Butler. The Sympathetic Nervous
System in Heart Failure: Physiology, Pathophysiology, and Clinical
Implications. Journal of the American College of Cardiology, V54, Issue 19,
2009,Pages 1747-1762,doi.org/10.1016/j.jacc.2009.05.015;

UKENA C, Mahfoud F, Kindermann M, et al. The cardio- pulmonary
continuum systemic inflammation as “common soli” of heart and lung disease.
Int J Cardiol 2010; 145: 172-176;

58



UNITED NATIONS, Department of Economic and Social Affairs, Population
Division (2017);

UNITED NATIONS, Department of Economic and Social Affairs, Population
Division  (2017). World Population Ageing 2017 -  Highlights
(ST/ESA/SER.A/397);

UPADHYA B, Haykowsky MJ, Eggebeen J , Kitzman DW. Exercise
intolerance in heart failure with preserved ejection fraction: more than a heart
problem. J  Geriatr  Cardiol. 2015 May;12(3):294-304.  doi:
10.11909/j.issn.1671-5411.2015.03.013;

USZKO-Lencer Nicole H.M.K., Mesquita Rafael, Janssen Eefje, Werter
Christ, Rocca Hans-Peter Brunner-La, Pitta Fabio, Wouters Emiel F.M., Spruit
Martijn A., Reliability, construct validity and determinants of 6-minute walk test
per- formance in patients with chronic heart failure, International Journal of
Cardiology (2017), doi:10.1016/j.ijcard.2017.02.109;

VIDAN, M. T., Blaya-Novakova, V., Sanchez, E. , Ortiz, J. , Serra-Rexach, J.
A. and Bueno, H. (2016), Prevalence and prognostic impact of frailty and its
components in non-dependent elderly patients with heart failure. Eur J Heart
Fail, 18: 869-875. doi:10.1002/ejhf.518;

VOGELS RLC, Scheltens P, Schroeder-Tanka JM, et al. Cognitive
impairment in heart failure: a systematic review of the literature. Eur J Heart
Fail 2007; 9(5): 440-449;

Vos, Theo et al. Global, regional, and national incidence, prevalence, and
years lived with disability for 310 diseases and injuries, 1990-2015: a
systematic analysis for the Global Burden of Disease Study 2015. The Lancet,
Volume 388, Issue 10053, 1545 - 1602

WATZ H., B. Waschki, T. Meyer, G. Kretschmar, A. Kirsten, M. Claussen, H.
Magnussen, Decreasing cardiac chamber sizes and associated heart
dysfunction in COPD: role of hyperinflation, Chest 138 (1) (2010) 32-38;
WATZ Henrik, Benjamin Waschki, Trhorsten Meyer, Gunther Kretschmar,
Anne Kirsten, Martin Claussen, Helgo Magnussen. Decreasing Cardiac
Chamber Sizes and Associated Heart Dysfunction in COPD: Role of
Hyperinflation, Chest, Volume 138, Issue 1, 2010, Pages 32-38, doi:
10.1378/chest.09-2810;

59



Weiss CO. Frailty and chronic diseases in older adults. Clin Geriatr Med.
2011;27(1):39-52);

WOLPAT A, Lima F, Silva FM, Tochetto M, de Freitas A, Grandi T, Rodrigues
L, Paiva V, Cipriano G Jr, Chiappa AM, Zago J, Chiappa. Association between
inspiratory muscle weakness and slowed oxygen uptake kinetics in patients
with chronic obstructive pulmonary disease. Appl Physiol Nutr Metab. 2017
Dec;42(12):1239-1246. doi: 10.1139/apnm-2016-0568. Epub 2017 Jul 27.
WOO J, Yu R, Wong M, Yeung F, Wong M, Lum C. Frailty screening in the
community using the FRAIL scale. J Am Med Dir Assoc. 2015;16(5): 412—
419;

WOODHOUSE KW, Wynne H, Baillie S, James OF, Rawlins MD. Who are
the frail elderly? Q J Med 1988;68(255):505-6;

XUE Qian-Li. The Frailty Syndrome: Definition and Natural History. Clinics in
Geriatric Medicine, Volume 27, Issue 1, 1 — 2010;

YAMADA S, T Adachi, K Iwatsu, R Fujita, K Kamisaka, E Nakane, D Sakui, |
Kawamura, K Shibata, M Ehara, H Ohtake, T Shimozato, N Iritani, M
Terashima. Frailty predicts short-term heart failure re-hospitalization
independently from other known prognostic indicators in patients with heart
failure: a multicenter prospective cohort study. European Heart Journal,
Volume 39, Issue suppl_1, 2018;

YNDESTAD A., Kristian Damas, J., Qie, E., Ueland, T., Gullestad, L., &
Aukrust, P. (2006). Systemic inflammation in heart failure — The whys and
wherefores. Heart Failure Reviews, 11(1), 83-92. do0i:10.1007/s10741-006-
9196-2

YOHANNES AM, Chen W Moga, Leroi I, Connoll. Cognitive Impairment in
Chronic Obstructive Pulmonary Disease and Chronic Heart Failure: A
Systematic Review and Meta-analysis of Observational Studies. J.Am Med
Dir Assoc. 2017 May 1;18(5):451.e1-451.e11. doi:
10.1016/j.jamda.2017.01.014);

ZANNAD F, Maggioni AP, Swedberg K, Gheorghiade M. The impact of
chronic obstructive pulmonary disease in patients hospitalized for worsening
heart failure with reduced ejection fraction: an analysis of the Everest trial. J
Card Fail 2012; 18: 515 — 523;

60



ZIAEIAN, B., & Fonarow, G. C. (2016). Epidemiology and aetiology of heart
failure. Nature Reviews Cardiology, 13(6), 368-378.
doi:10.1038/nrcardio.2016.25;

61



5 ARTIGO

Determinants of the Distance Covered During a Six Minutes’ Walk Test in
Patients with Chronic Heart Failure-Chronic Obstructive Pulmonary
Disease Overlap
(A ser submetido ao periodico Heart & Lung: The Journal of Cardiopulmonary
and Acute Care)

(Fator de impacto 1.840, Qualis B1)

Authors: Maria Luisa Rocha Dadalt', Isadora Faraco Corréa’, Fernanda Loro?,
Pedro Dal Lago'?

' Post graduation program in Rehabilitation Sciences, Universidade Federal de
Ciéncias da Saude de Porto Alegre (UFCSPA), Porto Alegre, RS, Brazil.

2 Departament of Physical Therapy, UFCSPA, Porto Alegre, RS, Brazil.

Corresponding author: Pedro Dal Lago, Departament of Physical Therapy,
Universidade Federal de Ciéncias da Saude de Porto Alegre, Sarmento Leite,
245, 90050-170, Porto Alegre, RS, Brazil. E-mail: pdallago@ufcspa.edu.br

62



1. ABSTRACT

Background: HF-COPD frequent coexists in practice and functional capacity,
measured by 6 minutes’ walk test, play a major role. Several factors can be involved in
distance covered during the test. Materials and Methods: A cross-sectional study was
conducted. Included patients perform 2 6MWT, respiratory muscle strength and CHS
index (frailty) evaluation. Also, have quality of life and cognitive function assessed.
Results: 32 patients were evaluated, mean distance 281.1 £+ 101.9 meters. Correlated to
the distance covered were VFC (r = 0.61; p <0.01), % FEV: (r=0,58; p <0.01), %VFC
(r=0.56; p<0.01), CHS index (r = 0.53; p < 0.01) and MLHF-Q score (r =-0.47; p <
0.01). Gait speed (=-0,54, p=0.000), FEV (3=-0,44, p=0.000) and NYHA class (=-
0,24, p=0.000) were predictors of distance walked in the 6MWT (6MWD).
Conclusions: Gait speed, FEV| and NYHA class may be predictors of shorter 6 MWD

in HF-COPD patients.

Key words: heart failure; chronic obstructive pulmonary disease; functional capacity;

walk test;
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2. ABREVIATION LIST

HF- Heart failure

COPD - Chronic obstructive pulmonary disease
CPET- Cardiopulmonary exercise test

6MWT- Six minutes’ walk test

6MWD- Distance covered in the six minutes’ walk test
LVEF- Left ventricular ejection fraction
NYHA- New York Heart Association

FEV - Forced expiratory volume on first second
VFC- Vital forced capacity

L- Liters

m- meters

s- seconds

GOLD- Global Initiative for Chronic Obstructive Lung Disease

BMI- Body mass index

HR — heart rate

SAP- Systolic arterial pressure

DAP- Diastolic arterial pressure

MIP- Maximal inspiratory pressure
MEP- Maximal expiratory pressure
ATS- American Thoracic Society

ERS- European Respiratory Society
cmH;O- water centimeter

CHS- Cardiovascular Health Study
Kgf- Kilogram force

MOca- Montreal Cognitive Assessment
MLHF-Q- Minnesota living with heart failure questionnaire
MCI- Mild cognitive impairment

QoL- Quality of life

CARS- COPD activity rating scale

mMRC- Modified medical research council
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3. INTRODUCTION

Heart failure (HF) and chronic obstructive pulmonary disease (COPD) are major
public health diseases, leading cause of death and disability!-, and its prevalence tends
to increase by population aging. Both diseases have been extensively studied separately
and show some similarities in clinical presentation, such as reduced exercise tolerance

19,10

and muscle weakness>®, frailty”-®, and low physical activity level~!°. Besides, common

factors like cigarette smoking, advanced age, and a high level of systemic

13,14

inflammation'”-'* may be a link to a combined diagnosis.

The coexistence of HF and COPD is common in practice!>!6, but a differential
diagnosis may be challenging because shared symptoms like dyspnea and fatigue!”. So,
the real prevalence remains discordant. Previous studies show that COPD is estimated
to range from 23 to 33% in patients with HF'® and HF ranges from 5% to 41% in
patients with COPD'. Even without a consensus it is well describe that prognosis of
patients with HF-COPD overlap is worse than those with only one?! as well as the

quality of life*? and mortality rates®>.

Either in HF and COPD, the hallmark is exercise intolerance'>*, and its
mechanisms involve not only cardiac and pulmonary abnormalities but also

2930 and autonomic dysfunction?!, and for those

peripheral®®?’, vascular?®, diaphragm
with HF-COPD overlap, this effort response is even worse*2. For its assessment, the

gold standard method is cardiopulmonary exercise test (CPET)*, which many HF and
COPD cannot perform for their physical and symptoms limitations. As an alternative,

the 6 minutes’ walk test (60MWT) has been used as a simple, reproducible, feasible, and

sensitive tool**, well-validated in both disease and with specific guidelines?”.
p g
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The primary outcome on 6MWT is the distance walked (6MWD)*. Also, 6MWD
has been described as an independent predictor of mortality in both HF?*” and COPD?®,
and it is essential to identify why some patients perform poorly in terms of this
outcome. Many factors may influence 6MWD, including age and gender’, renal

function*” and body composition*!, and its recognition may help plan interventions.

In HF-COPD overlap, however, is not well describe how they perform 6MWT,
what is the overlap impact on functional features, cognitive function or frailty
syndrome. Moreover, which features are associated with 6 MWTD, especially in the
Brazilian population. Therefore, the main aim of this study was to identify the

determinants of the 6 MWD in patients with HF-COPD overlap.

4. METHODS

This is a cross-sectional study including HF-COPD patients, from two referral
hospitals in Porto Alegre, Rio Grande do Sul, Brazil. The sample size was calculated
using GPower® software, using a significance level of 5%, a power of 0.80, an effect
size of 0.42 (calculated from the determination coefficient — R?) and the number of

predicting variables. A minimum of 31 patients with HF-COPD was required.

Inclusion criteria were: patients of both sexes, aged > 50 years old, with a
clinical diagnosis of HF by echocardiography and COPD by spirometry (both at least in
last 12 months) and agreed in participated by signing the informed consent form.
Patients with stroke, musculoskeletal disorders, understanding impairment, or any
limitation that would make it challenging to perform the tests were excluded from the

study.
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4.1 Ethical Aspects

The ethical research committee of the Santa Casa de Misericordia de Porto
Alegre and Fundacao Universitaria de Cardiologia do Rio Grande do Sul approved the
study (approval number: 3.068.402 and 3.356.737, respectively). This study following
the regulatory norms and standards for research involving human subjects (Brazilian
National Council, resolution number 466/2012). All participants signed the informed

consent form.

4.2 Procedures

Screening of patients was performed by analysis of medical records. Eligible
patients were invited to participate in the study on the day of medical consultation or by
telephone contact. The same professionals performed all the tests.

The distance covered during the 6MWT was considered the primary outcome
whereas sociodemographic, clinical, physical- functional and cognitive data, as well as

the quality of life, used as exposure data.

Clinical and Sociodemographic Variables

Questionnaires application and clinical and sociodemographic data were
partially complete with data obtained from medical records and complemented by an
interview on evaluation day. The mains variables were age (years), sex, ethnicity, years
of study (<12 years, 12 years or higher education), smoking (yes or no/ex) - in cases of
smokers and ex-smokers, years/pack were registered.

As clinical variables, left ventricular ejection fraction (LVEF), New York Heart
Association (NYHA) class, ischemic etiology of heart failure (yes/no), forced expiratory

volume in the first second (FEV1) and vital forced capacity (VFC), in absolute (liters-L)
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and percentage (%) values; Global Initiative for Chronic Obstructive Lung Disease
(GOLD) classification (A, B, C, D). Were also collect main comorbidities, use of -
blocker and bronchodilator, number of hospitalizations in the past year and which

disease was diagnosed primarily (HF or COPD).

As anthropometric data, height (cm) and weight (kg) were measured with
patients standing barefoot, using a Prix® scale (model 2096 Pp), and the values used for
body mass index (BMI) calculation (weight in kilograms divided by the square of height

in meters).

6 Minutes’ Walk Test

The 6MWT was conducted following international guidelines®. Two tests were
performed with a 30-minute interval. Heart rate (HR), Borg dyspnea scale, peripheral
oxygen saturation (SpO2), systolic arterial pressure (SAP) and diastolic arterial pressure
(DAP) were measured before the test, at the end (sixth minute) and during recovery (1
and 2 minutes after the test). Also, measurements of HR, Borg scale, and SpO» were got
during the test (at the third minute). The distance covered was compared with that

expected for the Brazilian population and expressed as total and percentage of predict*.

Respiratory Muscle Strength

Strength of the respiratory muscles was measured using a pressure transducer
(MVD300®, Globalmed). The maximum inspiratory pressure (MIP) and the maximum
expiratory pressure (MEP) were registered following the American Thoracic Society
(ATS)/ European Respiratory Society (ERS) guidelines 4. The average mean attempts
to obtain a reproducible value were five and results were exposed as absolute (cmH>0)

and percentage (%) of predict, based on previous equation reports**.
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Frailty Evaluation

Frailty phenotype score* (also called CHS index) is a multidomain research tool
used to identify frailty in clinical practice.

CHS index use five domains: (1) Self-reported unintentional weight loss in past
year; (2) Exhaustion: questions 7 and 20 of the Center scale of Epidemiological Scale -
Depression (CES-D)*; (3) Physical Activity Level: caloric expenditure, by Minnesota
Leisure Time Activity questionnaire*’; (4) Impaired muscle strength: value in kilogram-
force (kgf) obtained by the dynamometer Jamar® and adjusted by sex and BMI* and
(5) Slow gait speed: time, in seconds, spent to cover 4.0 m in a total of 8.0 m and
adjusted by sex and height*. Criteria for positive in each domain are presented in Table
1.

Fragile individuals were considered to have scored positive in 3, 4 or 5 items,
pre-fragile those scored positive on 1 or 2 items and robust those that do not fill any

item.

Cognitive Function

To assess the cognitive function, the Montreal Cognitive Assessment (MoCA)
was chosen. MoCA considers the cognitive domains of visuospatial skills, executive
functions, language, attention, concentration, working memory, memory recall, and
orientation.

The total possible score is 30, and the cutoff for MCI describe for the
cardiovascular population is 24*®. Low educational attainment (<12 years of formal

education) was correct by adding 1 point to the participant’s final score.
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Quality of Life Assessment

The Minnesota Living with Heart Failure Questionnaire (MLHF-Q) was select
for quality of life (QoL) estimation. It consists of 21 questions related to how much the
disease prevents the patient from living as they would like, taking the last month to
answer the questions. The questions involve a physical dimension (from 1 to 7, 12 and
13), an emotional dimension (from 17 to 21) and other issues (questions 8, 9, 10, 11, 14,
15 and 16) which, form the total score (100) as higher the score as worse health status.

There is no specific questionnaire for HF-COPD population, but the MLHF-Q
has already been described as a valid and reliable assessment of health status in patients

with coexistent COPD and HF*.

5. STATISTICAL ANALYSIS

Statistical analysis was perform using the Statistical Package of Social Sciences
(SPSS), version 24.0. Normality of distribution was verified by the Shapiro-Wilk test.
Normally distributed continuous variables were present as absolute numbers and
percentages and as mean * standard deviation. Non-parametric variables were shown as
median (minimum-maximum).

For correlation and regression analysis one subject were exclude due to a very
shorter distance in 6MWT. Correlations were analyzed using Pearson’s test. Multiple
linear regression was made to determine the predictive value of the variables on 6MWT,
and the stepwise method was used for the selection of the variables. All assumptions
made by the multiple linear regression analysis - linear relationship, homoscedasticity,
no or little multicollinearity between exposures variables were considered for selection

of the model with the highest predictive value.
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Besides, T-test was used to compare the mean distance predict by resulting

equation and the mean distance covered. The level of significance was 5%.

6. RESULTS

Thirty-two patients were evaluated in a convenience sample. Mean age was
67.6+ 8.54 years, 65.6% were female and initial diagnosis was HF in 59,4% (Table 2).
Table 3 describes clinical features and table 4 the functional results, as cognitive,
quality of life, frailty and 6MWT characteristics.

6MWD mean was 281.1 + 101.9m and showed significative correlation with gait
speed (r=-0.81; p<0.01), FEV; (r=10.63; p<0.01), NYHA class (r =-0.46; p < 0.01),
VFC (r=0.61; p<0.01), % FEVi (r=0,58; p <0.01), %VFC (1= 0.56; p<0.01), CHS
index (r =0.53; p <0.01) and MLHF-Q score (r =-0.47; p <0.01). Figure 1 shows the
correlation graphic of 6MWD with gait speed (A) and FEV; (B).

Following the association tests and exclusion of variables by collinearity, the
variables were select in descending order of importance in the stepwise variable
selection. Thereby, the following variables were included in the final model for 6MWD:
gait speed (p<0.000), FEV (p<0.000), and NYHA class (p<0.000). These variables
resulted in a model statistically significant (p<0.000, R? = 0.83) explaining 81% of the
variance in the 6MWD in the study population. The derived equation for S MWT based
on this analysis was: 494.3 + (-39.5 x gait speed) + (79 x FEV1) + (-45.7 x NYHA
class).

On validation analysis, no significant difference was found between mean
covered distance (281.1+ 101.9 m) and mean predicted by the resulting equation (290,6

+ 82,7 m- figure 2).
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7. DISCUSSION

The main finding of the present study was that distance covered in the 6MWT
could be determined by gait speed (s), FEV1 (L) and NYHA class. These were potential
variables with predictive value for shorter distances which explained 81% of the
variance for the distance covered in the 6MWT. Furthermore, FVC (L), %FEV,
%FVC, QoL score, and CHS index were also correlated with 6MWD.

The determinants of reduced 6MWD are complex and depend on both physical
and psychological factors. For COPD patients, a 6 MWD lower than 350 m>*>! and for
HF patients a 6MWD lower than 300 m>>3, has prognostic value in identifying high-
risk patients. In the current study, 6o MWD mean was 281.1 m, suggesting that HF-
COPD overlap represents a higher risk profile for adverse outcomes.

A substantial body of previous research has shown that slow gait speed is the
most useful single indicator of frailty, is consistently associated with reduced survival in
different cohort studies®* and predicting major adverse cardiac events in different
groups>>°%, Previous studies in COPD population has report findings similar to
presented here, where gait speed was found to have a strong correlation with 6 MWD (r
=0.70, p <.001)>78, Our study extended their findings by demonstrating that gait speed
not only corelates to 6 MWD but can be a robust predictive variable for shorter distances
covered.

Gait speed is a reliable and easy-to-perform measurement in both COPD and
HF>%° is mainly determined by exercise capacity and reflects the multisystemic effects
of disease severity. Inefficient gait mechanics may contribute to exercise limitation in

61,62

these patients because of their wasteful skeletal muscle®-*> which is unable to sustain

the necessary action to perform a longer stride. As consequence, in HF and COPD

72



patients a shorter stride could minimize muscular discomfort, slowing down the average
speed.

In COPD patients lower FEV1, in both absolute and % of predict values, were
correlated to poor distances (r= —0.34, <0.001)%* and in HF, lower FVC was predictive
to determine lower 6MWD% (r = -0.42, p < 0.01), indicating that lung function also is
relate to functional capacity in both populations. Despite, a scope of reports also has
shown that these variables, isolated, are inadequate predictive tools, and its
interpretation must be associated with other clinical-functional parameters to achieve
better understandings of its role on exercise and functional capacity.

Airflow limitation leads to some pulmonary abnormalities such as
hyperinflation®®, which has come to be considered one of the leading pulmonary causes
of exercise limitation in patients with COPD®® as well in HF®’. The decrease of exercise
tolerance matches well with the decline of pulmonary function, i.e., the more severe is
airflow obstruction, the worse is 6 MWD. These findings were about isolated diseases,
but when HF-COPD coexists, the pulmonary function may play a more significant role
in exercise intolerance.

The relation between NYHA class and 6MWD it is poorly described. However,
in one of the few studies, Pepera et. al. (2012) found results similar to presented here,
where NYHA class was a predicted variable for 6 MWD in HF patients (p = 0.06). Both
6MWT and NYHA classification are available and practical tools for the functional
capacity measure, but the subjectivity of NYHA classification demands prudent
interpretation. A review conducted by Yap et. al. (2015) has brought an inverse
correlation between NYHA class and 6MWD, especially in more severe classes (III/IV).

In a COPD population study, the degree of perceived symptoms was found to be

correlated to 6MWD (1=0.56, p < 0.00002)7°, illustrating that how patients perceive
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their limitations can impact on their functional capacity. Therefore, once NYHA class is
related to the influence of symptoms, the relation with 6 MWD possible lays on the

impact of dyspnea/fatigue in exercise tolerance.

The association between 6 MWD and other variables — bivariate analyses

To our knowledge, this is the first study that evaluated the determinants of
6MWD in HF-COPD overlap population. Previous studies have reported several
predictive variables of the 6MWD in HF and COPD samples, including age’!, sex’?,
weight, and BMI’3., left ventricular end-systolic volume’*, depression’>, and quadriceps
force’s.

Regarding QoL evaluation, by MLHF-Q, our findings are in line with previous
studies that had exposed a positive correlation between 6MWD and QOL score in HF
patients. Nogueira et al. showed a significant moderate correlation (r=-0.5, p<0.001)
between 6MWD and QoL. Also, the mean score of MLHF-Q in this study (58.4 £+ 20.6)
was similar to average reported for HF patients’’, illustrating that maybe the presence of
COPD does not add an extra impact on health status. However, the relation with 6MWT
found in this study expose that patient’s motivation plays a pivotal role and can be

altered by depressive symptoms and lower health status.

Several studies have reported frailty phenotype as an independently predictive of

7879 in either

mortality, with a hazard ratio between 1.58 to 1.69 for each unit of increase
HF and COPD patients. Our findings were in agreement with Boxer et. al. (2010), that
brought a negative, robust, correlation between frailty and functional capacity (r=-.72,

p<0.001), measured by 6MWT. Frailty is a measure of increased vulnerability to the

adverse outcome, and the 6MWT is a measure of functional ability and aerobic
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capacity. These two measures together can theoretically capture the patients most at risk
for adverse events and a decline in the physical function.

About HF-COPD overlap sociodemographic features, previous reports have
shown some different findings to ours: male sex was described as most frequent ¥ and
older age®!-%2. One possible reason is that in our study, most of the participants had HF
with preserved ejection fraction (HFpEF -mean 54.7 £ 15.9 %) which is more prevalent
in women® and younger subjects®*. Concerning age, our results suggested that HF-
COPD overlap represents a critical negative effect on functional capacity, even in
younger subjects.

In one of the few studies that explored 6MWT in HF-COPD overlap, the mean
distance was 295.0 + 95.2%, similar to ours (281.1 + 101.9). These findings suggest that
the pathophysiologic mechanisms most closely associated with aerobic exercise
abnormalities in patients with HF may be influenced by COPD comorbidity and vice-

versa, leading to a worse functional capacity.

Limitations of the Study

This study has limitations associated with: 1) the absence of other functional
tests like mMRC (Modified Medical Research Council) Dyspnea Scale, to measure
restrictions and symptoms impact on daily living activities; 2) most of our tests were
self-dependent, and the results may not reflect the full functional capacity, exposing a

need for studies with cardiopulmonary tests to access their real limitations.

8. CONCLUSION
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Determinants of functional capacity are multifactorial, depending on
demographics, physiological, and psychosocial factors. In our study three
variables, slow gait speed (s), lower FEV; (L) and higher NYHA class, were
identified as determinants of a shorter 6 MWD in patients with HF-COPD overlap,
explaining 81.2% of the variance. Other variables, such as QoL and Frailty CHS
index were also correlated to 6 MWD indicating the multidimensionality of

functional capacity in HF-COPD patients.
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Figure A: correlation of 6MWD (in meters) and Gait Speed (time, in seconds).
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Figure B: correlation of 6MWD and Forced Expiratory Volume on 1 second (absolute value, in liters).

Figure 2. Six Minutes’walk test distances
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Figure 2. 6MWD (in meters) mean differences between covered, predicted by Britto et. al (2013) and
predicted by resulting regression equation.

Table 1. Criteria for pointing positive in each domain of CHS index.
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Domain

Criteria for positive

Weight loss

Exhaustion

Physical Activity Level

Handgrip strength

Gait speed

> 4kg (~10 pounds)

Questions 7 and 20
answered “most of the
time" and "always" to

at least one of the

questions

<270keal for women
and <383kcal for men,

per week

<17 kgf (BMI <23),
<17.3 kgf (BMI 23.1-
26), <18 kgf (BMI
26.1-29) and <21 kgf
(BMI> 29) for women;
<29 kgf (BMI <24),
<30 kgf (BMI 24.1-28)
and <32 kgf (BMI>
28) for men

>T7s (<159¢m) or 6s (>
160cm) for women
>T7s (<173cm) or 6s

(<173cm) for men

*kg (kilos); BMI (Body mass index); Kgf (Kilogram-force); S (seconds);

Table 2. Characteristics of patients.



Sociodemographic Characteristics Values

Age, years 67.7 £8.54
Female sex — no./total no. (%) 21/32 (65.6)
Ethnicity
White- no./total no. (%) 23/32 (71,9)
Black- no./total no. (%) 3/32(9.4)
Brown- no./total no. (%) 6/32 (18.8)

Education attainment, years

<12 years- no./total no. (%) 26/32 (84.4)

> 12 years- no./total no. (%) 4/32 (12.5)

Higher education — no./total no. (%) 1/32 (3.1)
Smoking

Yes- no./total no. (%) 8/32 (25%)

Ex-smokers- no./total no. (%) 24/32 (75%)

Years/pack 45 (9.75 to 250)

Table 3. Clinical characteristics



Characteristics

Values

HF ischemic etiology-no. / total no. (%)

21/32 (65.6)

LVEF % 54.7+159
NYHA class
Class II- no./ total no. (%) 19/32 (59.4)
Class III- no./ total no. (%) 13/32 (40.6)
GOLD classification
A- no./ total no. (%) 1/32 (3.1)
B- no./ total no. (%) 8/32 (25)
C- no./ total no. (%) 5/32 (15.6)
D- no./ total no. (%) 18/32 (56.3)
FEV: (L) 1.3+0.52
% FEVI 50.8 +3.37
VEC (L) 2.0£0.58
% VEC 62.1£2.54
% FEVI/ VFC 59.6 £7.9

Co-morbidities
Hypertension- no./ total no. (%)
Diabetes- no./ total no. (%)

Pulmonary hypertension

30/32 (93.8)

10/32 (31.3)

6/32 (18.8)
Depression
12/32 (37.5)
Medications
- — 0,
[-blocker- no./total no. (%) 20/32 (62.5)

Bronchodilator — no./ total no. (%)

22/32 (68.8)

*HF (Heart failure); LVEF (Left Ventricular Ejection Fraction); NYHA (New York Heart Association);
GOLD (Global Iniative for Lung Disease); FEV1 (Forced expiratory volume on first second); VFC (Vital
Forced Capacity).

Table 4. Functional features
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Characteristics Values
6MTWD (m) 281.1+101.9
% predict 544+34
MIP (H20cm) 57.6+154
% predict 72.4+34
MEP (H20cm) 79.3+£22.8
% predict 51.7+£2.7

Frailty domains
Handgrip (kgf)
Gait speed (s)
Sedentary-no./total no. (%)
Frailty classification
Non-frail- no./ total no. (%)
Pre-frail no./ total no. (%)
Frail no./ total no. (%)

MOca

MLFH-Q

16.3 (10 to 30.6)
5+£1.26

21/32 (65.6)

2/32 (6.3)
13/32 (40.6)
17/32 (53.1)

17.7+3.71

58.4+20.6

*6MWD: Six Minutes Walk Distance; MIP (Maximal Inspiratory Pressure); MEP (Maximal Expiratory
Pressure); MoCA (Montreal Cognitive Assessment); MLHF-Q (Minnesota Living with Heart Failure

Questionaire); m (Distance in meters); kgf (Kilogram force); s (Time in seconds).
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6 CONCLUSAO GERAL

Concluimos que os determinantes da capacidade funcional, avaliada pelo
TC6, em pacientes com IC-DPOC, sao multifatoriais, e se relacionam fatores
clinicos, funcionais e psicossociais. A QV e indice de fragilidade CHS est&o
correlacionadas ao desempenho no TC6 e velocidade (s) lenta (s) da marcha,
menor VEF4 (L) e maior classe da NYHA além da correlagdo foram identificadas
como determinantes de um TC6 menor em pacientes com IC-DPOC - explicando
81,2% da variancia. Esses achados indicam a multidimensionalidade da
capacidade funcional em pacientes com IC-DPOC.
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Objetivos Especificos:

-Verificar o grau de fragilidade em pacientes com diagnodstico de insuficiéncia cardiaca coexistente a doenga
pulmonar obstrutiva crénica;

-Verificar o nivel de independéncia funcional em pacientes com diagndstico de insuficiéncia cardiaca
coexistente a doencga pulmonar obstrutiva crénica;

-Verificar o nivel de atividade fisica diaria em pacientes com diagnostico de
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Avaliagao dos Riscos e Beneficios:

BENEFICIOS:
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As avaliagcbes que serao realizadas apresentam um risco minimo levando em consideracédo que todas séo
funcionais. O exercicio aerdbico pode levar a efeitos como taquicardia, sudorese, cansago, algum desconforto
relacionado a utilizagdo do equipamento, desconforto nos membros inferiores e cansago muscular leve apoés
treinamento em esteira. As coletas sanguineas apresentam possibilidade de danos como hematomas,
sangramento e desconforto. Caso ocorra qualquer episodio supracitado, os pacientes serdo encaminhados
ao atendimento médico do Pavilhdo Pereira Filho, ou do Instituto de Cardiologia, para os devidos cuidados.
Nao havera danos de ordem psiquica, moral, intelectual, social, cultural ou espiritual do ser humano, em
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risco processo e risco produto, visto que, garante-se o total sigilo dos dados obtidos e o repasse a

sociedade preservando a fidedignidade desta pesquisa.
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mo
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authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Registration of clinical trials

Registration in a public trials registry is a condition for publication of clinical trials in this journal in
accordance with International Committee of Medical Journal Editors recommendations. Trials must
register at or before the onset of patient enrolment. The clinical trial registration number should be
included at the end of the abstract of the article. A clinical trial is defined as any research study that
prospectively assigns human participants or groups of humans to one or more health-related
interventions to evaluate the effects of health outcomes. Health-related interventions include any
intervention used to modify a biomedical or health-related outcome (for example drugs, surgical
procedures, devices, behavioural treatments, dietary interventions, and process-of-care changes).
Health outcomes include any biomedical or health-related measures obtained in patients or
participants, including pharmacokinetic measures and adverse events. Purely observational studies
(those in which the assignment of the medical intervention is not at the discretion of the investigator)
will not require registration.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider
transferring the article to one of those. If you agree, your article will be transferred automatically on
your behalf with no need to reformat. Please note that your article will be reviewed again by the new
journal. More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement'
(see more information on this). An e-mail will be sent to the corresponding author confirming receipt
of the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution outside
the institution and for all other derivative works, including compilations and translations. If
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excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a nhumber of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the gold
open access publication fee. Details of existing agreements are available online.

After acceptance, open access papers will be published under a noncommercial license. For authors
requiring a commercial CC BY license, you can apply after your manuscript is accepted for publication.

This journal offers authors a choice in publishing their research:

Subscription

¢ Articles are made available to subscribers as well as developing countries and patient groups
through our universal access programs.

No open access publication fee payable by authors.

e The Author is entitled to post the accepted manuscript in their institution's repository and make this
public after an embargo period (known as green Open Access). The published journal article cannot be
shared publicly, for example on ResearchGate or Academia.edu, to ensure the sustainability of peer-
reviewed research in journal publications. The embargo period for this journal can be found below.

Gold open access

Articles are freely available to both subscribers and the wider public with permitted reuse.

¢ A gold open access publication fee is payable by authors or on their behalf, e.g. by their research
funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The gold open access publication fee for this journal is USD 2500, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.
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Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-
career researchers throughout their research journey. The "Learn" environment at
Researcher Academy offers several interactive modules, webinars, downloadable
guides and resources to guide you through the process of writing for research and
going through peer review. Feel free to use these free resources to improve your
submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not
a mixture of these). Authors who feel their English language manuscript may require
editing to eliminate possible grammatical or spelling errors and to conform to correct
scientific English may wish to use the English Language Editing service available from
Elsevier's Author Services.

Studies on patients or volunteers require ethics committee approval and informed
consent, which should be documented in the paper. Appropriate consents,
permissions and releases must be obtained where an author wishes to include case
details or other personal information or images of patients and any other individuals
in an Elsevier publication. Written consents must be retained by the author but copies
should not be provided to the journal. Only if specifically requested by the journal in
exceptional circumstances (for example if a legal issue arises) the author must
provide copies of the consents or evidence that such consents have been obtained.
For more information, please review the Elsevier Policy on the Use of Images or
Personal Information of Patients or other Individuals. Unless you have written
permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary
materials (including all illustrations and videos) must be removed before submission.

Our online submission system guides you stepwise through the process of entering
your article details and uploading your files. The system converts your article files to
a single PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX)
are required to typeset your article for final publication. All correspondence, including
notification of the Editor's decision and requests for revision, is sent by e-mail.

Submit your article
Please submit your article via http://ees.elsevier.com/hl/.

PREPARATION

Manuscript submissions should conform to the guidelines set forth in the "Uniform
Requirements for Manuscripts Submitted to Biomedical Journals: Writing and Editing
for Biomedical Publication," available from http://www.ICMJE.org. Please refer to
http://www.consort-statement.org/consort-statement/ for CONSORT guidelines for
clinical trials. The CONSORT Statement is intended to improve the reporting of a
randomized controlled trial (RCT), enabling readers to understand a trial's design,
conduct, analysis and interpretation, and to assess the validity of its results.

Manuscript Components

The manuscript should be arranged as follows: 1) title; 2) structured abstract and
key words; 3) abbreviations list; 4) text; 5) references; 6) figure titles and legends;
and 7) tables. Page numbering should begin with the first page.

Manuscript style should follow the AMA Style, 10th edition. Articles should be no more
than 15 pages in length, not including title page, figures, tables, and references.
Author(s) name and credentials should be listed according to the AMA-10
recommendations.
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Text

Manuscript text should be double-spaced, left-aligned (unjustified), and in a
12-point font. The body of text should be structured with the following headings:
Introduction, Methods, Results, and Discussion. Sub-headings may be used as
appropriate. Each reference, figure and table should be cited in the text in numerical
order according to order of first mention.

This journal operates a double blind review process. All contributions will be initially
assessed by the editor for suitability for the journal. Papers deemed suitable are then
typically sent to a minimum of two independent expert reviewers to assess the
scientific quality of the paper. The Editor is responsible for the final decision regarding
acceptance or rejection of articles. The Editor's decision is final. More information on
types of peer review.

Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief
heading. Each heading should appear on its own separate line. Subsections should
be used as much as possible when cross-referencing text: refer to the subsection by
heading as opposed to simply 'the text'.

Introduction
State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent
researcher. Methods that are already published should be summarized, and indicated
by a reference. If quoting directly from a previously published method, use quotation
marks and also cite the source. Any modifications to existing methods should also be
described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already
dealt with in the Introduction and lay the foundation for further work. In contrast, a
Calculation section represents a practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive
citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and Discussion
section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae
and equations in appendices should be given separate numbering: Eq. (A.1), Eq.
(A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and
figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid abbreviations and formulae where possible.
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o Author names and affiliations. Please clearly indicate the given name(s) and
family name(s) of each author and check that all names are accurately spelled. You
can add your name between parentheses in your own script behind the English
transliteration. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter
immediately after the author's name and in front of the appropriate address. Provide
the full postal address of each affiliation, including the country name and, if available,
the e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. This responsibility
includes answering any future queries about Methodology and Materials. Ensure that
the e-mail address is given and that contact details are kept up to date by
the corresponding author.

¢ Present/permanent address. If an author has moved since the work described in the
article was done, or was visiting at the time, a 'Present address' (or 'Permanent address')
may be indicated as a footnote to that author's name. The address at which the author
actually did the work must be retained as the main, affiliation address. Superscript Arabic
numerals are used for such footnotes.

Highlights are optional yet highly encouraged for this journal, as they increase the
discoverability of your article via search engines. They consist of a short collection of
bullet points that capture the novel results of your research as well as new methods
that were used during the study (if any). Please have a look at the examples here:
example Highlights.

Highlights should be submitted in a separate editable file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point).

Provide a structured abstract of no more than 150 words, essential data should be
presented in 5 paragraphs under separate headings in the following order:
Background, Objectives, Methods, Results, and Conclusions. A non-structured
abstract is appropriate for review articles.

Immediately after the abstract, provide a minimum of 2 and a maximum of 6
keywords, using American spelling and avoiding general and plural terms and
multiple concepts (avoid, for example, 'and', 'of"). Be sparing with abbreviations: only
abbreviations firmly established in the field may be eligible. These keywords will be
used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the
first page of the article. Such abbreviations that are unavoidable in the abstract must be
defined at their first mention there, as well as in the footnote. Ensure consistency of
abbreviations throughout the article.

Include acknowledgments on the title page. List here those individuals who provided
help during the research (e.g., providing language help, writing assistance or proof
reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's
requirements:

Funding: This work was supported by the National Institutes of Health [grant
numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant
number zzzz]; and the United States Institutes of Peace [grant humber aaaa].
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It is not necessary to include detailed descriptions on the program or type of
grants and awards. When funding is from a block grant or other resources available
to a university, college, or other research institution, submit the name of the institute
or organization that provided the funding.

If no funding has been provided for the research, please include the following
sentence:

This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system
of units (SI). If other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple
formulae in line with normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be
presented in italics. Powers of e are often more conveniently denoted by exp. Number
consecutively any equations that have to be displayed separately from the text (if
referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article. Many word processors can build footnotes into the text, and this feature may
be used. Otherwise, please indicate the position of footnotes in the text and list the
footnotes themselves separately at the end of the article. Do not include footnotes in
the Reference list.

Illustration services

Elsevier's Author Services offers Illustration Services to authors preparing to submit
a manuscript but concerned about the quality of the images accompanying their
article. Elsevier's expert illustrators can produce scientific, technical and medical-
style images, as well as a full range of charts, tables and graphs. Image 'polishing' is
also available, where our illustrators take your image(s) and improve them to a
professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to
the figure. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either
next to the relevant text in the article, or on separate page(s) at the end. Number
tables consecutively in accordance with their appearance in the text and place any
table notes below the table body. Be sparing in the use of tables and ensure that the
data presented in them do not duplicate results described elsewhere in the article.
Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference
list (and vice versa). Any references cited in the abstract must be given in full.
Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these references are included in
the reference list they should follow the standard reference style of the journal and
should include a substitution of the publication date with either 'Unpublished results'
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or 'Personal communication'. Citation of a reference as 'in press' implies that the item
has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by
online links to the sources cited. In order to allow us to create links to abstracting
and indexing services, such as Scopus, CrossRef and PubMed, please ensure that
data provided in the references are correct. Please note that incorrect surnames,
journal/book titles, publication year and pagination may prevent link creation. When
copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any
electronic article. An example of a citation using DOI for an article not yet in an issue is:
VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic
continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal of
Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the format of
such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was
last accessed. Any further information, if known (DOI, author names, dates,
reference to a source publication, etc.), should also be given. Web references can be
listed separately (e.g., after the reference list) under a different heading if desired,
or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add [dataset]
immediately before the reference so we can properly identify it as a data reference. The
[dataset] identifier will not appear in your published article.

Reference formatting

There are no strict requirements on reference formatting at submission. References
can be in any style or format as long as the style is consistent. Where applicable,
author(s) name(s), journal title/ book title, chapter title/article title, year of
publication, volume number/book chapter and the article number or pagination must
be present. Use of DOI is highly encouraged. The reference style used by the journal
will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct. If you do wish to
format the references yourself they should be arranged according to the following
examples:

Reference style

Text: Indicate references by (consecutive) superscript arabic numerals in the order in
which they appear in the text. The numerals are to be used outside periods and
commas, inside colons and semicolons. For further detail and examples you are
referred to the AMA Manual of Style, A Guide for Authors and Editors, Tenth Edition,
ISBN 0-978-0-19-517633-9.

List: Number the references in the list in the order in which they appear in the text.
Examples:
Reference to a journal publication:

Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci
Commun. 2010;163:51-59. https://doi.org/10.1016/j.5¢.2010.00372.

Reference to a journal publication with an article number:
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Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. Heliyon.
2018;19:e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:
Strunk W Jr, White EB. The Elements of Style. 4th ed. New York, NY: Longman; 2000.

Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones
BS, Smith RZ, eds. Introduction to the Electronic Age. New York, NY: E-Publishing
Inc; 2009:281-304. Reference to a website:

Cancer Research UK. Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/; 2003
Accessed 13 March 2003.

Reference to a dataset:

[dataset] 6. Oguro, M, Imahiro, S, Saito, S, Nakashizuka, T. Mortality data for
Japanese oak wilt disease and surrounding forest compositions, Mendeley Data, v1;
2015. https://doi.org/10.17632/ xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your
data is unavailable to access or unsuitable to post, you will have the opportunity to
indicate why during the submission process, for example by stating that the research
data is confidential. The statement will appear with your published article on
ScienceDirect. For more information, visit the Data Statement page.
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