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RESUMO

Fonseca GWP. Efeitos da deficiéncia anabdlica hormonal e alteraces neurovasculares
no progndstico de pacientes com insuficiéncia cardiaca [tese]. Sdo Paulo: Faculdade de
Medicina, Universidade de S&o Paulo; 2020.

INTRODUCAO: O impacto da deficiéncia anabdlica hormonal na progressio da
insuficiéncia cardiaca com fragdo de ejecdo reduzida (ICFEr) ainda é controverso, assim
como sua interacdo com alteracGes neurovasculares. Adicionalmente, embora estas
alteracdes possam levar cronicamente ao quadro de sarcopenia, definido pela perda de
forca, massa muscular e funcionalidade, a prevaléncia e os mecanismos especificos da
sarcopenia em pacientes com ICFEr sdo desconhecidos, bem como o efeito da etiologia
na composicao corporal desses pacientes. OBJETIVOS: Avaliar o efeito da deficiéncia
de hormodnios anabodlicos sexuais e alteragdes neurovasculares no prognostico de
pacientes com ICFEr, avaliar a prevaléncia de sarcopenia e obesidade sarcopénica,
assim como o impacto do controle autonémico sobre a sarcopenia nesses pacientes e
verificar se ha diferenca na composicdo corporal entre pacientes chagasicos com ICFEr
e outras etiologias. METODOS: Foram incluidos 169 pacientes com ICFEr
(FEVE<40%). As concentracdes plasmaticas de testosterona livre (TL), estimada pela
concentracdo de testosterona total e globulina ligadora de hormdnios sexuais, peptideo
natriurético cerebral (BNP) e demais marcadores sanguineos foram coletadas no periodo
matutino apos um jejum noturno de 12 horas. O consumo pico de 0xigénio (VOzpico) foi
avaliado pelo teste ergoespirométrico realizado em cicloergbmetro com incremento
progressivo de 5-10W por minuto. A densitometria computadorizada por absorciometria
radiologica de dupla energia foi utilizada para mensurar a massa muscular e a massa
gorda. A forca muscular foi avaliada por um dinamdémetro de preensdo manual com a
méao dominante na posicao supinada e o cotovelo flexionado em 90°. A sarcopenia foi
definida com base na reducdo de massa muscular e forca de preensdo manual. A
atividade nervosa simpatica muscular (MSNA) foi avaliada através da técnica de
microneurografia e a atividade parassimpatica pela frequéncia cardiaca de recuperagao
do primeiro (AHRR1) e segundo minuto (AHRR2) immediatamente apds esforco
maximo. O fluxo sanguineo muscular do antebraco (FBF) foi medido pela
pletismografia de oclusdo venosa. RESULTADOS: Em andlise multivariada do risco
proporcional de Cox, BNP (OR, 3,597; 95% ClI, 1,750-7,392; p<0,001), TL<131 pmol/L
(OR, 2,097; 95% CI, 1,009-4,357; p=0,047) e FBF (OR, 0,568; 95% CI, 0,273-1,184;
p=0,031) foram preditores independentes de mortalidade, apos ajuste para variaveis de
confusdo. O tempo de sobrevida foi menor em pacientes com TL<131 pmol/L e FBF<
ou >1,85 mL/min*/100mL™ (p<0,001) em comparacdo com seus pares com TL normal.
A prevaléncia de sarcopenia foi similar entre pacientes “magros” (20,8%) e “obesos”
(21,4%) quando indices que consideram a massa gorda foram utilizados, sendo que tais
indices (Newman e Studenski) foram mais sensiveis para detectar sarcopenia em



pacientes com indice de massa corporal >25 kg/m? Adicionalmente, pacientes
sarcopénicos apresentaram maior MSNA [47 (41-52) vs. 40 (34-48) disparos/min;
p=0,028] com menor AHRR1 [15 (10-21) vs. 22 (16-30) batimentos/min; p<0,001] e
AHRR2 [25 (19-39) vs. 35 (24-48) batimentos/min, p=0,017] em comparagdo com
pacientes ndo sarcopénicos, respectivamente. Pacientes com ICFEr de origem chagéasica
e isquémica apresentaram menor massa gorda (16,3+8,1 vs. 19,3+£8,0 vs. 27,6+9,4 kg;
p<0,05) e VOgzpico (1,17+0,36 vs. 1,15+0,36 vs. 1,50+0,45 L/min; p<0,05) do que
pacientes com cardiomiopatia dilatada, respectivamente, enquanto pacientes chagasicos
apresentaram menor forca muscular (27+£8 vs. 37+11 vs. 3614 kg; p<0,05) e FBF
reduzido (1,84+0,54 vs. 2,75+0,76 vs. 3,42+1,21 mL/min*/100mL™; p<0,01) em
comparagdo com pacientes isquémicos e com miocardiopatia dilatada, respectivamente.
CONCLUSOES: A reduco da concentracdo plasmatica de TL associada a diminuicio
de FBF mostrou ter valor progndéstico em pacientes com ICFEr. Estas alteracGes estdo
relacionadas com a progressdo da doenca e podem levar ao quadro de sarcopenia ou
obesidade sarcopénica, que sdo comorbidades distintas, mas apresentam uma
prevaléncia muito semelhante, em torno de 20%. O desbalanco autonémico exacerbado,
evidenciado pelo aumento da MSNA e reducdo da reatividade vagal apds o teste de
esforco maximo em pacientes sarcopénicos, pode ser um dos mecanismos envolvidos
no desenvolvimento de sarcopenia em pacientes com ICFEr. Ademais, pacientes de
etiologia chagésica apresentam piora no FBF, menor for¢a muscular e reducgdo de massa
gorda com uma tendéncia de diminui¢do da massa muscular, de forma mais precoce, em
comparagdo com as etiologias isquémica e ndo isquémica.

Descritores: Progndstico; Insuficiéncia cardiaca; Testosterona; Sarcopenia; Obesidade
sarcopénica; Desbalanco autondmico; Pletismografia; Doenca de Chagas.



ABSTRACT

Fonseca GWP. Effect of androgenic anabolic deficiency and neurovascular alterations
on prognosis in patients with heart failure [thesis]. Sdo Paulo: “Faculdade de Medicina,
Universidade de Séo Paulo”; 2020.

INTRODUCTION: The impact of androgenic anabolic deficiency on the progression
of heart failure with reduced ejection fraction (HFrEF) is controversial, as well as its
interaction with neurovascular alterations. Although these changes can chronically lead
to sarcopenia, defined by loss of muscle strength, muscle mass and performance, the
prevalence and underlying mechanisms of sarcopenia in patients with HFrEF are still
unknown, so is the impact of etiology on body composition in these patients.
PURPOSE: To assess the impact of androgenic anabolic deficiency and neurovascular
alterations on prognosis in patients with HFrEF, to assess the prevalence of sarcopenia
and sarcopenic obesity, as well as the impact of autonomic control on sarcopenia and to
verify whether there is a difference in body composition between chagasic patients and
other etiologies of HFrEF. METHODS: One hundred and sixty nine patients with
HFrEF (LVEF<40%) were included. Free testosterone (FT), estimated by total
testosterone and sex hormone binding globulin, brain natriuretic peptide (BNP) and
other blood variables were collected in the morning after a 12-hour overnight fasting.
The peak oxygen consumption (VO,) was assessed by the cardiopulmonary exercise test
performed on a cycle ergometer with a progressive increment of 5-10W per minute.
Dual-energy X-ray absorptiometry was used to measure muscle mass and fat mass.
Muscle strength was assessed by a handgrip dynamometer with the dominant hand in
the supine position and elbow flexed at 90°. Sarcopenia was defined by reduced muscle
mass and handgrip strength. Muscle sympathetic nerve activity (MSNA) was assessed
using the microneurography technique and parasympathetic activity was evaluated by
heart rate recovery at first (AHRR1) and second minute (AHRR2) immediately after
maximum effort. Forearm blood flow (FBF) was assessed by venous occlusion
plethysmography. RESULTS: In a multivariate Cox proportional hazard analysis, BNP
(OR, 3.597; 95% CI, 1.750-7.392; p<0.001), FT<131 pmol/L (OR, 2.097; 95% CI,
1.009-4.357; p=0.047) and FBF (OR, 0.568; 95% CI, 0.273-1.184; p=0.031) were
independently associated with mortality, after adjustment for confounding variables.
The survival time was shorter in patients with FT<131 pmol/L and FBF< or >1.85
mL/min™/100mL™ (p<0.001) compared to those with FT in the normal range. The
prevalence of sarcopenia was similar between “lean” (20.8%) and “obese” (21.4%)
patients when methods that consider fat mass in its equation were used, while
Newman's and Studenski's methods were more accurate to detect sarcopenia in patients
with body mass index >25 kg/m?. Additionally, sarcopenic patients had a higher MSNA
[47 (41-52) vs. 40 (34-48) bursts/min; p=0.028] with a lower AHRR1 [15 (10-21) vs. 22
(16-30) beats/min; p<0.001] and AHRR2 [25 (19-39) vs. 35 (24-48) beats/min, p=0.017]



compared to non-sarcopenic patients, respectively. Patients with HFrEF from Chagas
disease and ischemic origin had lower fat mass (16.3+8.1 vs. 19.3+8.0 vs. 27.6+9.4 Kkg;
p<0.05) and peak VO, (1.17+0.36 vs. 1.15+0.36 vs. 1.50+0.45 L/min; p<0.05) than
patients with dilated cardiomyopathy, respectively, whereas chagasic patients presented
impaired muscle strength (2748 vs. 37+11 vs. 3614 kg; p<0.05) and reduced FBF
(1.84+0.54 vs. 2.75+0.76 vs. 3.42+1.21 mL/min/100mL™; p<0.01) compared to
patients with ischemia and dilated cardiomyopathy, respectively. CONCLUSION:
Reduced FT associated with decreased FBF has a prognostic value in patients with
HFrEF. These changes may be related to the progression of HFrEF and lead chronically
to sarcopenia and sarcopenic obesity, which are distinct comorbidities, but they have a
similar prevalence, approximately 20%. Exacerbated sympatho-vagal imbalance,
characterized by increased MSNA and blunted vagal reactivation in sarcopenic patients,
may be one of the mechanisms involved in the development of sarcopenia in patients
with HFrEF. In addition, patients with Chagas disease have decreased FBF, impaired
muscle strength and reduced fat mass with a tendency to have a reduction in muscle
mass earlier compared to ischemic and non-ischemic etiologies.

Descriptors: Prognosis; Heart failure; Testosterone; Sarcopenia; Sarcopenic obesity;
Autonomic imbalance; Plethysmography; Chagas disease.



1 INTRODUCAO
1.1 Insuficiéncia cardiaca

A insuficiéncia cardiaca (IC) e definida como uma sindrome cronica e sistémica
que promove alteracbes morfologicas e funcionais no miocéardio, resultando em uma
reducdo do débito cardiaco e uma oferta insuficiente de sangue e oxigénio para 0s
tecidos periféricos em repouso e durante estresse™ 2. Os sintomas classicos da IC sdo
dispneia e fadiga exacerbada que impactam significativamente a qualidade de vida dos
pacientes e podem ser acompanhados de sinais como hipotensdo severa, ma perfusao
periférica, congestdo pulmonar, ortopneia, elevacdo da pressdo venosa jugular e edema
periférico®.

Embora, os sinais e sintomas da IC sejam semelhantes entre as etiologias, as
bases fisiopatolégicas diferem’. Entre as causas mais comuns de IC podem-se listar a
doenca arterial coronariana, doenca hipertensiva, cardiomiopatia dilatada idiopatica,
doencgas valvares, doenca de Chagas, congénitas, arritmias ventriculares complexas,
cardiotoxicidade por drogas, farmacos ou alcool e miocardite®.

A IC pode ser classificada de acordo com o sistema circulatério afetado
(ventriculo direito ou esquerdo), funcdo cardiaca (sistélica ou diastdlica) e fatores
fisiopatolégicos de sobrecarga ventricular (pressdo ou volume), com possivel
sobreposicdo dessas definicdes’. Essas alteracdes levam & IC com fracdo de ejecéo do
ventriculo esquerdo reduzida (ICFEr; FEVE<40%), intermediaria (ICFEi; FEVE 40-
49%) ou preservada (ICFEp; FEVE>50%), de acordo com a ultima diretriz Brasileira de
IC cronica e aguda®. Adicionalmente, a classificacéo funcional proposta pela New York
Heart Association (NYHA) é um parametro clinico amplamente utilizado para avaliar o

grau de toleréncia ao esfor¢o e disfuncéo ventricular de pacientes com IC.



Na populacdo geral, a prevaléncia de ICFEr é em torno de 1-2% em paises
desenvolvidos, podendo chegar até 10% em pessoas com idade superior a 65 anos*®. A
maior prevaléncia de ICFEr ocorre no sexo masculino que apresenta um desfecho
piorado em comparacdo as mulheres’, normalmente diagnosticadas em idades mais
avancadas®. Ademais, a chance de um individuo desenvolver IC ao longo da vida a
partir de 55 anos é de 33% para homens e 28,5% para mulheres®.

Apesar da incidéncia de IC ser proporcional ao aumento da idade para ambos 0s
sexos™ °, 0s homens apresentam uma maior incidéncia do que as mulheres®. Em paises
desenvolvidos, a incidéncia de ICFEr tem diminuido em decorréncia do maior controle
de fatores de risco, e em contrapartida tem ocorrido um aumento na incidéncia de
ICFEp devido a melhora na expectativa de vida®. Este cenario epidemiolégico, no
entanto, ndo é reproduzido em paises subdesenvolvidos, uma vez que 0s pacientes sdo
mais jovens e acometidos por outras etiologias como a doenca de Chagas®.

As bases fisiopatologicas da ICFEr estdo definidas na literatura, contudo, o
entendimento da interacdo entre os mecanismos fisiopatoldgicos que levam ao dano
cardiaco, direto ou indireto, carece de maior esclarecimento. A remodelagdo cardiaca a
partir da agressdo direta aos cardiomidcitos e a matriz extracelular compromete o
esqueleto fibroso do miocérdio, bem como a dinamica de acoplamento dos sarcomeros®.
Além disso, a disfuncdo cardiaca pode ocorrer por meio de um evento cardiaco agudo
(p. ex. infarto agudo do miocéardio) ou mudancas dismorficas crénicas que alteram a
relacdo contragcdo/enchimento, levando ao aumento do tamanho do coragdo, assim
como, reducdo da funcdo do ventriculo esquerdo como bomba. A ativacdo de
mecanismos neuro-humorais, vasculares, inflamatorias, imunologicas, aumento do
estresse oxidativo, reducdo do suprimento energético do miocardio e apoptose séo

inerentes ao complexo de desencadeamento e agravamento da ICFEr™. Estas alteracdes



sdo responsaveis por intensificarem o remodelamento cardiaco que leva a um impacto
sistémico, uma vez que reduz o fluxo sanguineo periférico e aumenta a vasoconstricdo
para 0s orgdos e tecidos (pulmdes, rins, musculos esqueléticos, figado, etc.), gerando
assim uma intolerancia ao minimo esforco fisico realizado e perpetuando o ciclo
fisiopatoldgico vicioso que contribui para a progressao da sindrome®.

Apesar dos avangos obtidos no tratamento da ICFEr, a mortalidade por essa
causa ainda é alta e pode variar entre 24% para pacientes com idade até 60 anos e 54%
naqueles acima de 80 anos®. Além das comorbidades comumente associadas ao pior
progndstico de pacientes com ICFEr, tais como diabetes mellitus™, dislipidemia®,

I*®, apneia obstrutiva do sono® e doenca pulmonar

obesidade®, anemia®*, disfuncdo rena
obstrutiva cronica’’, a deficiéncia de horménios anabdlicos™®, a hiperatividade
simpética®® e a sarcopenia®® tém sido associadas com uma maior mortalidade nessa

populacéo.
1.2 Alteragdes hormonais e neurovasculares na insuficiéncia cardiaca

AlteracGes da funcdo cardiaca levam a inimeras compensac¢Ges neuro-humorais
caracteristicas da ICFEr. Essas adaptacBes agudas sdo de extrema importancia para
manter a integridade da funcdo do miocardio, mas, por outro lado, trazem
consequéncias deletérias quando se tornam cronicas. Diversos estudos tém evidenciado
que a ICFEr, além das alteracbes neuro-humorais, também desencadeia alteracdes
enddcrinas e neurovasculares que podem piorar a progressdo da doenca e 0 prognéstico
dos pacientes®® %2,

Essas evidéncias apontam para mudancas na secrecdo e acdo de diferentes

horménios, como o horménio do crescimento (GH), hormonio estimulante da tireoide

(TSH), cortisol, tri-iodotironina (T3), tiroxina (T4), insulina e, em especial, os



horménios androgénicos derivados da testosterona®*%.

Essas alteracbes afetam a
homeostase proteica do organismo com maior exacerbacdo de processos catabolicos e
reducdo de processos anabolicos, produzindo assim um desbalanco entre anabolismo e
catabolismo em pacientes com ICFEr que pode levar ao desenvolvimento de
miopatias™.

A testosterona, horménio anabolico derivado do colesterol, € o hormdnio
androgénico mais importante secretado pelas gbnadas masculinas, o qual exerce duas
funcBes principais no organismo: (1) desenvolvimento e manutencdo das caracteristicas
sexuais masculinas (funcdo androgénica), e (2) crescimento e desenvolvimento dos
musculos esqueléticos e 0ssos (funcdo anabolica).

O hipotalamo secreta pulsatilmente a cada 60-90 minutos, 0 horménio liberador
de gonadotrofina (GnRH) que estimula a hipdfise anterior a produzir e liberar o
horménio foliculo estimulante (FSH) e o horménio luteinizante (LH). Nas gbnadas, o
FSH estimula as células de Sertoli na producdo de espermatozoide, enquanto o LH
estimula as células de Leydig responsaveis pela producdo de testosterona®. A
testosterona entdo age diretamente nos receptores androgénicos localizados no musculo
esquelético e cardiaco® por meio da conversio de dois metabélicos ativos, a
dihidrotestosterona e o estradiol, pela acdo das enzimas 5-a-redutase e aromatase,
respectivamente.

As células de Leydig, situadas no intersticio do testiculo maduro, produzem
aproximadamente 95% da testosterona total (TT; eixo hipotdlamo-hipdfise-gonadal), e
outros 5% correspondem a liberacdo de dehidroepiandrosterona sulfato (DHEA-S),
produzida na zona reticular das glandulas adrenais (eixo hipotalamo-hipofise-adrenal),
as quais sao estimuladas pelo horménio adrenocorticotroéfico (ACTH) secretado pela

hipdfise anterior. De uma forma complementar, ha um terceiro eixo responsavel pela



resposta anabdlica (eixo somatotrofico), onde ocorre a secre¢do do hormdnio liberador
de horménio do crescimento (GHRH) pelo hipotdlamo. Este, por sua vez, estimula a
hipdfise anterior a liberar GH, que no figado produzira o fator de crescimento
semelhante a insulina tipo 1 (IGF-1). O IGF-1 também exerce efeitos similares a
insulina, promovendo sintese proteica no musculo esquelético.

Os testiculos produzem em torno de 3 a 10 mg de testosterona diariamente que
correspondem a uma concentracdo plasmatica de 10,4-34,7 nmol/L, obtendo seu pico no
periodo matutino®.. Por ser um horménio esteroide derivado de lipoproteinas de baixa
densidade (LDL), o transporte sanguineo depende de proteinas carreadoras, onde 58%
da TT estdo ligadas a albumina, 40% ligadas a globulina ligadora de horménios sexuais
(SHBG) e apenas 2% estdo na sua forma livre, sendo esta quantidade responsavel, de
fato, pela resposta bioldgica direta nos tecidos alvos.

Em estudos comparativos entre pacientes com IC e individuos saudaveis
pareados pela idade, as concentragdes plasmaticas de TT, testosterona livre (TL) e
DHEA-S mostravam-se reduzidas, enquanto as concentracBes plasmaticas de SHBG,
LH e FSH estavam aumentadas®® *. Os resultados desses estudos sugerem que em
pacientes com IC ocorre uma supressdo na secre¢ao de horménios anabdlicos pelo eixo
gonadal e adrenal, o que leva ao aumento reflexo nos horménios gonadotroficos,
caracterizando um quatro de hipogonadismo primario.

Embora ndo exista um ponto de corte estabelecido para definicdo de
hipogonadismo, valores inferiores a 9,7-10,4 nmol/L para TT e 0,17-0,31 nmol/L para
TL sdo utilizados como definicao de limites de normalidade® *. Ainda assim, admite-

se que a prevaléncia de hipogonadismo em pacientes com IC seja em torno de 25-30%%
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A deficiéncia anabolica hormonal, definida pela reducdo na secrecdo de
horménios em apenas um ou mais eixos anabolicos, pode estar relacionada com a
reducdo da massa e da forca muscular, denominada clinicamente como sarcopenia e
caquexia cardiaca®. Outro possivel mecanismo responséavel por essa reducdo de massa
muscular € um aumento de marcadores inflamatdrios, tais como: fator de necrose
tumoral (TNF) e interleucina-6 (IL-6)*> . Em estudo experimental com ratos, ficou
demonstrado que um aumento significativo de TNF foi capaz de inibir a secrecdo de
testosterona pelas células de Leydig®. Adicionalmente, alteragdes nos eixos anabélicos,
associadas ou ndo, foram relacionadas com uma reducdo em marcadores de capacidade
funcional como o consumo pico de oxigénio (VOapico) € a razéo ventilacao/producgéo de
diéxido de carbono (VE/VCO,)* %,

A deficiéncia anabolica hormonal em pacientes com ICFEr também apresenta
associacdo com um aumento significativo de peptideo natriurético cerebral (BNP),
importante marcador de pior progndstico nesta populacdo®* *. Ademais, pacientes com
ICFEr e deficiéncia anabdlica hormonal, quando comparados com seus pares sem
deficiéncia, apresentam maior tempo de internacdo e uma maior frequéncia de
readmissdo*®” **. Diversos estudos também tém demonstrado o impacto da deficiéncia
anabolica hormonal sobre a mortalidade de pacientes com ICFEr, independente do eixo
anabdlico acometido®® **. Jankowska e colaboradores demonstraram que multiplas
deficiéncias anabodlicas hormonais no eixo gonadal (TT e TL), adrenal (DHEA-S) e
somatotréfico (IGF-1) estavam relacionados com um pior progndéstico nesta populacao.
Além disso, a adicdo de eixos anabolicos afetados mostrou um impacto na sobrevida de
pacientes com ICFEr em 74%, 55% e 27% para 1, 2 e 3 eixos, respectivamente, em um
periodo de trés anos de acompanhamento®®. Entretanto, a reducdo nas concentracées

plasmaticas de testosterona, como marcador independente de mortalidade, ainda é
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controverso, enquanto alguns estudos confirmam esse achado , outros nao

conseguiram demonstrar tal associagdo** *.

Outra funcédo frequentemente atribuida a testosterona é seu efeito vasodilatador,
através de uma reducdo do perfil inflamatorio, modulacdo dos canais de calcio e
liberacdo de 6xido nitrico, favorecendo a melhora da funcdo endotelial*® *’. Além do
mais, a testosterona pode exercer efeito sobre o controle autondémico através dos
barorreceptores*®. Em pacientes com ICFEr, a disfuncdo barorreflexa cronica leva a
uma maior liberacdo de vasopressina, aldosterona e angiotensina Il, alterando as
respostas reflexas de mecanorreceptores, metaborreceptores e quimiorreceptores®® %,
Desse modo, o balanco entre fatores de inibicdo e excitagdo simpatica tem como
resultado uma condicdo permanente de pré-excitacdo simpatica em pacientes com
ICFEr.

O sistema nervoso simpatico (SNS), por meio das fibras pos-ganglionares, libera
noradrenalina que atua nos receptores do tipo alfa e beta-adrenérgicos, localizados
predominantemente nos vasos sanguineos, coracdo e pulmdes®’. Com o avancar da
idade é observado um aumento natural na atividade do SNS em individuos saudaveis, e
este aumento parece ser mais acentuado em homens do que em mulheres®. A atuacio
do SNS ¢ essencial no controle e regulacdo dos reflexos cardiovasculares em condi¢des
de repouso e estresse®. A atividade nervosa simpética muscular (MSNA) pode ser
avaliada pela técnica de microneurografia, um método que avalia o arco reflexo eferente
do SNS para o sistema musculoesquelético, por meio do posicionamento de um
microeletrodo no nervo fibular™®. Tal método tem se mostrado mais especifico para
avaliar a descarga adrenérgica caracteristica em pacientes com ICFEr e é correlacionado

com elevages nas concentracdes plasmaticas de noradrenalina® *®.



O aumento da MSNA em pacientes com ICFEr € independente de idade, sexo e
etiologia® *® *’. Este aumento reflete a progressio na faléncia da bomba cardiaca e
apresenta-se como fator de pior prognéstico desses pacientes®. No entanto, uma analise
adicional que parece complementar o valor prognostico da MSNA nesses pacientes € a
avaliacdo de fluxo sanguineo muscular, realizada por meio da técnica de pletismografia
de oclusdo venosa, que permite mensurar o fluxo sanguineo muscular do antebraco
(FBF)*®. Pacientes com ICFEr, quando comparados com individuos saudaveis,
apresentam uma reducao significativa do FBF®>°.

A reducdo do FBF em pacientes com ICFEr depende principalmente do balango
entre 0s mecanismos periféricos de vasodilatacdo (liberacdo de &xido nitrico) e
vasoconstricdo (aumento da MSNA). Além do mais, apos bloqueio de mecanismos
endotélio dependente e independente, reducBes da vasodilatacdo durante exercicio
estatico de preensdo manual e estresse mental foram relacionadas com um aumento da
MSNA em pacientes com ICFEr, sugerindo que a MSNA controle ambos o0s

59-61

mecanismos Adicionalmente, as consequéncias funcionais deste aumento

exacerbado da MSNA sdo evidenciadas por uma relagdo inversamente proporcional
com a reducéo do VOypico™> ®

Em estudo experimental com ratos, Bacurau e colaboradores também
demonstraram que o aumento da MSNA promoveu a reducdo de massa muscular®.
Adicionalmente, pacientes com IC e sarcopenia apresentam disfungédo endotelial piorada
em comparagdo com pacientes sem sarcopenia™. Desta forma, 0 aumento exacerbado da
MSNA associado a reducdo do FBF reduz o aporte sanguineo de nutrientes para a

musculatura ativa, gerando assim, uma reducdo da massa muscular e significativa

intolerancia ao esforgo em pacientes com ICFEr.



Entretanto, o impacto da interacdo entre alteracbes hormonais e neurovasculares
na mortalidade de pacientes com ICFEr ndo estd bem elucidada na literatura, assim

como a influéncia dessas alteracbes na composicao corporal dessa populacao.
1.3 Sarcopenia e insuficiéncia cardiaca

A sarcopenia € definida pela reducdo de massa muscular associada ao declinio
na forca muscular ou desempenho fisico decorrente do processo de envelhecimento®. O
termo sarcopenia é derivado do grego, onde Sarx significa “carne” e penia significa
“perda”®’. Em esséncia, a sarcopenia pode ser entendida com uma faléncia de 6rgao,
uma vez que representa uma insuficiéncia muscular em manter a contratacdo muscular
por falta de componente contratil (massa muscular) ou por inadequada eficiéncia
contratil (forca/resisténcia muscular).

Em pacientes com IC, a prevaléncia de sarcopenia pode variar de 19,5%% a
47,3%%®. Embora o avanco da idade seja o principal fator para o desenvolvimento de
sarcopenia, a progressao da IC pode levar ao aparecimento precoce dessa comorbidade
em pacientes mais jovens®.

A fisiopatologia da sarcopenia é multifatorial e parece ocorrer por um
desbalanco entre a sintese proteica e a degradacdo muscular®®. Entre os principais
mecanismos envolvidos no desenvolvimento e progresséo da sarcopenia podemos citar
a disfuncdo mitocondrial®, lipotoxidade muscular, aumento de marcadores
inflamatorios™®, alteragdes neurolégicas’, reducdo na concentracdo de hormonios
anabdlicos’?, inatividade fisica’®, reducdo do fluxo sanguineo muscular®® e
complicacdes digestivas’®.

Embora, pacientes com ICFEr compartilhem alguns dos mecanismos descritos

em pacientes sarcopénicos, o impacto de alteragdes caracteristicas da ICFEr como o
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desbalanco autonémico, determinado pelo aumento da atividade nervosa simpatica e
reducdo da atividade nervosa parassimpética’, sobre o desenvolvimento de alteracdes
na composicao corporal ndo é conhecido. Adicionalmente, a etiologia da IC, seja ela de
origem isquémica ou ndo, pode estimular o processo de perda de massa muscular.
Entretanto, o classico fenotipo do paciente sarcopénico com o corpo franzino
tem sido alterado devido ao aumento na incidéncia de sobrepeso e obesidade na
populacdo. Esse fendbmeno caracterizado pela combinacdo na reducdo de massa
muscular e aumento de gordura corporal tem sido denominado obesidade sarcopénica e
deve-se, principalmente, a convergéncia entre o envelhecimento populacional e o
aumento das taxas de obesidade’®. Ademais, a sobreposicio dessas comorbidades pode

gerar um grupo de pacientes com mais complicacdes’” "

, Visto que ambas apresentam
um impacto negativo no prognostico de pacientes com IC. Dessa maneira, o indice mais
utilizado na pratica clinica para definir a sarcopenia, derivado da massa muscular
apendicular de membros superiores e inferiores dividida pela altura ao quadrado, néo
inclui a massa gorda em sua formulacdo, o que pode subestimar a prevaléncia de
sarcopenia em pacientes com sobrepeso e obesidade.

Portanto, a prevaléncia de obesidade sarcopénica em pacientes com ICFEr é

desconhecida, de igual modo o impacto da etiologia e disfuncdo autonémica no

desenvolvimento de sarcopenia nesses pacientes.
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2 OBJETIVOS
Obijetivo primario:
1) Avaliar o efeito da deficiéncia de horménios anabdlicos sexuais e alteracdes
neurovasculares no progndstico de pacientes com ICFEr.
Obijetivos secundarios:
1) Verificar a prevaléncia de sarcopenia e obesidade sarcopénica em pacientes
com ICFEr a partir da distribuicdo da composicéao corporal;
2) Avaliar o impacto do controle autonémico sobre a sarcopenia em pacientes
com ICFEr;
3) Verificar se ha diferenca na composicao corporal e fluxo sanguineo muscular

periférico entre pacientes com ICFEr de diferentes etiologias.
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3 MATERIAIS E METODOS
3.1 Comissao de ética

O presente projeto foi aprovado pelo comité de ética e pesquisa do Hospital das
Clinicas da Faculdade de Medicina da Universidade de Sdo Paulo (HCFMUSP;
Comisséo de Etica para Analise de Projetos de Pesquisa (CAPPesq) — N° 0892/07). Os
aspectos éticos foram preservados de acordo com a Resolucdo do Conselho Nacional de

Salde n° 196, de 10 de outubro de 1996 e a Declaracdo de Helsinque de 2013.
3.2 Amostra, calculo amostral e critérios de inclusao/excluséo

O desenho do estudo foi de coorte prospectivo e observacional com a inclusdo
de 169 pacientes do sexo masculino com ICFEr, acompanhados por um periodo minimo
de 36 meses (Figura 1). Os pacientes foram recrutados na Unidade Clinica de
Miocardiopatias do Instituto do Coracdo (InCor) do HCFMUSP e no Ambulatério de
Cardiologia Esportiva e Reabilitacdo Cardiaca do InCor do HCFMUSP. Os pacientes
assinaram o termo de consentimento livre e esclarecido, apds esclarecimento verbal
sobre os procedimentos e riscos envolvidos no estudo, em duas vias, uma das quais foi
entregue ao paciente e a outra ficou arquivada. O estudo foi registrado no website
ClinicalTrials.gov utilizando o acrénimo TESTO-HF (TESTOsterone - Heart Failure)
com o identificador NCT03463226.

O célculo amostral foi baseado no estudo de Jankowska e colaboradores'®, que
correlacionaram a classe funcional e a deficiéncia hormonal anabolica com a
mortalidade em 208 pacientes com IC, e no estudo do grupo em que Santos e
colaboradores observaram o risco aumentado de morte e taxa de hospitalizagdo com a

presenca de deficiéncia hormonal anabélica em pacientes com IC*:. Com base nesses



13

dois estudos, foi utilizado o calculo amostral de variacdo da média do intervalo de
confianca dos niveis plasmaticos de TT. Dessa maneira, a projecdo de aproximadamente

47 pacientes por classe funcional foi determinada da seguinte forma:

Sample size for a descriptive study of a continuous variable (TT)

CL= \ % 9 Confidence level (95%)

W= ‘ 277 ——wms,  Desired total width of confidence interval
S= \ 4.85 Standard deviation of the variable

W/S =0.57

Standard normal deviate for o = Z, = 1.96

Sample size = N = 42,°S*/W? = 47

De acordo com a classe funcional, os pacientes foram alocados da seguinte
maneira:

Grupo 1 (n=54): classe funcional I (NYHA 1);
Grupo 2 (n=57): classe funcional 11 (NYHA I1);
Grupo 3 (n=46): classe funcional 111 (NYHA I11);
Grupo 4 (n=12): classe funcional 1V (NYHA 1V).

Para a participacdo no estudo, os pacientes deveriam apresentar 0s seguintes

critérios:
A) Critérios de incluséo:

v Homens com idade entre 18 e 65 anos;



14

v" Classe Funcional I, 11, 1l e 1V;

v’ Etiologia: isquémica, hipertensiva, chagasica e idiopatica;

v" Diagnéstico de ICFEr ha pelo menos um ano (FEVE<40%);

v Clinicamente estavel e com otimizacdo da medicacdo por pelo menos um

A

mes.

B) Critérios de excluséo:

v" Infarto agudo do miocardio com angioplastia ou revascularizacdo ha pelo
menos seis meses do estudo;

v" Qualquer tratamento hormonal no momento do estudo ou no passado;

v Presenca de distrofia muscular por degeneragdo neural (p. ex. distrofia
muscular de Duchenne);

v" Presenca de marca-passo ou ressincronizador;

v" Histérico de cancer;

v" Presenca de insuficiéncia cardiaca congestiva descompensada;

v" Presenca de neuropatia autondmica periférica e diabetes mellitus tipo | ou
tipo Il insulino-dependente;

v" Doenca renal cronica dialitica.
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Revisdo de prontuarios: Pacientes com ICFEr de acordo com os critérios de inclusao/exclusiio

[

Entrevista: Termo de consentimento livre e esclarecido

[

169 pacientes

l

Dosagem sanguinea hormonal
(TT, TL, DHEA-S, IGF-1, SHBG, LH, FSH ¢ TSH)
|

\ I L !
54 pacientes 57 pacientes 46 pacientes 12 pacientes
CFI CFII CFII CFIV
\ /
Y

Ergoespirometria, DXA, microneurografia e pletismogratia de oclusio venosa

Acompanhamento clinico da curva de morbi-mortalidade por 36 meses

Analise estatistica, resultados e conclusido da pesquisa

Figura 1. Fluxograma do estudo. CF = classe funcional; DHEA-S = dehidroepiandrosterona
sulfato; DXA = densitometria computadorizada por absorciometria radiolégica de dupla
energia; FSH = horménio foliculo estimulante; ICFEr = insuficiéncia cardiaca com fracdo de
ejecdo reduzida; IGF-1 = fator de crescimento semelhante a insulina tipo 1; LH = hormdnio
luteinizante; SHBG = globulina ligadora de horménios sexuais; TL = testosterona livre; TSH =
hormonio estimulante da tireoide; TT = testosterona total.
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3.3 Coleta sanguinea

As amostras de sangue foram coletadas entre as 7 e 11 horas da manhd, ap6s um
jejum noturno de 12 horas. As andlises das variaveis hormonais foram realizadas no
laboratério de Hormonios e Genética Molecular da Disciplina de Endocrinologia do
HCFMUSP. As concentracdes séricas de TT (coeficiente de variagcdo: intra-ensaio de
4,7% e inter-ensaio de 8,4%), SHBG (coeficiente de variacdo: intra-ensaio de 2,1% e
inter-ensaio de 2,7%), DHEA-S (coeficiente de variacdo: intra-ensaio de 2,8% e inter-
ensaio de 3,6%), IGF-1 (coeficiente de variagdo: intra-ensaio de 2,0% e inter-ensaio de
3,6%), FSH (coeficiente de variagdo: intra-ensaio de 1,8% e inter-ensaio de 5,3%), LH
(coeficiente de variacdo: intra-ensaio de 1,8% e inter-ensaio de 5,2%) e TSH
(coeficiente de variacdo: intra-ensaio de 8,6% e inter-ensaio de 8,7%) foram
determinados utilizando os analisadores de imunoensaios Elecsys e Cobase. As
concentracdes plasmaticas de TT e SHBG foram utilizadas para estimar a concentracédo
plasméatica de TL, usando a férmula validada e proposta por Vermeulen e
colaboradores”. O hipogonadismo foi definido quando ambas as concentragdes
plasmaticas de TT e TL estavam abaixo de 300 ng/dL e 131 pmol/L, respectivamente®”
81 0 valor de hemoglobina < 13 g/dL foi utilizado para a definicdo de anemia.

Artigos 1, 2 e 3. Os exames laboratoriais clinicos incluiram sodio e potassio
sérico (mEg/L), BNP (pg/mL), creatinina (mg/dL), uréia (mg/dL), hemoglobina
plasméatica (g/dL), proteina C-reativa ultra sensivel (hs-CRP; mg/L), triglicérides
(mg/dL), colesterol total (mg/dL), lipoproteina de alta densidade (HDL; mg/dL),

lipoproteina de baixa densidade (LDL; mg/dL) e glicemia em jejum (mg/dL).
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3.4 Avaliacao da capacidade funcional

Artigos 1, 2 e 3. Ap0s tricotomia e assepsia do local onde os eletrodos foram
posicionados, o eletrocardiograma de doze derivagdes (Cardio Soft 6.51 ECG/CAM-14,
GE Medical Systems Information Technologies, Wisconsin, WI, USA) foi realizado
para avaliar o padrdo eletrocardidgrafo dos pacientes em repouso, durante o esforco e na
fase de recuperacdo do teste ergoespirométrico. A frequéncia cardiaca (FC) foi
registrada continuamente do repouso até a fase de recuperacdo do teste. A pressao
arterial (PA) foi medida pelo método auscultatério em repouso com o paciente na
posicdo sentada, a cada dois minutos durante a fase de esforco e a cada minuto na fase
de recuperacdo do teste.

Os pacientes realizaram o teste ergoespirométrico (Figura 2) em cicloergbmetro
eletromagnético (Ergometer 800S; Sensor Medics, Yorba Linda, CA, USA), seguindo
protocolo de rampa com aumentos incrementais de carga de 5-10 W por minuto até a
exaustdo voluntaria méxima. Os pacientes foram instruidos a pedalar em uma
velocidade média de 60-70 rotacGes por minuto (rpm). A escolha do protocolo foi
definida a partir do nivel de toleréncia do paciente aos esforcos diarios e valor predito
de VO, méximo de acordo com a idade®. O Oy, foi considerado como o consumo
de oxigénio obtido no pico do esfor¢o, quando o paciente, apesar de encorajamento
verbal, ndo conseguisse manter a velocidade minima da bicicleta de 60 rpm.

A ventilacdo pulmonar (VE), concentragdo de oxigénio (O,), concentracdo de
didxido de carbono (CO,), quociente respiratorio (QR), equivalentes ventilatorios de
VO, e VCO; (VE/VO, e VE/VCO,, respectivamente) foram analisadas a cada ciclo

respiratorio por um espirémetro computadorizado (Vmax Encore 29 System; VIASYS
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Healthcare Inc., Palm Springs, CA, USA)®*. O QR > 1,10 foi atingido por 82% dos

pacientes.

b,

Figura 2. Avaliagdo da capacidade funcional em cicloergdbmetro - Teste ergoespirométrico.

3.5 Avaliacao da composicao corporal e forca muscular

Artigos 1, 2 e 3. O método de densitometria computadorizada por
absorciometria radioldgica de dupla energia (DXA; Figura 3) (Lunar iDXA; GE
Medical Systems Lunar, Madison, W1, USA) foi utilizado para quantificar a composicéao
corporal através de um procedimento de imagem, determinando contetdo e densidade
mineral 6ssea, massa muscular e massa gorda. A DXA emite ondas eletromagnéticas
provenientes de dois picos distintos de energia de is6topos de alta afinidade e baixa

intensidade — gadolinio 153 (***Gd), que penetram nas 4reas 6sseas e de tecidos moles
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com uma profundidade de aproximadamente 30 centimetros. O exame foi realizado com
0 paciente em decubito dorsal sobre uma mesa, onde a fonte passou sob 0s segmentos,
escaneando o corpo inteiro com uma velocidade relativamente lenta de 1cm/s. Para
permitir uma reconstrucdo da imagem dos tecidos subjacentes foi utilizado um software
especializado (GE Medical Systems Lunar Software), permitindo a quantificacdo de
tecidos Osseos e tecidos moles, como masculo e gordura. Todos os exames foram
realizados pelo mesmo avaliador.

O dinamdmetro de preensdo manual (Handgrip; Model J00105; Jamar Hydraulic
Hand Dynamometer, Sammons Preston Rolyan, Bolingbrook, Illionis, USA) foi
utilizado para avaliar a forca muscular dos pacientes. O teste foi realizado com a méo
dominante na posicdo supinada e o cotovelo em 90 graus de flexdo. O paciente realizou
trés tentativas com um intervalo de 1 minuto entre as mensuracdes e o maior valor foi
utilizado para determinacao da forca muscular maxima®*.

Artigo 1. Para definir a prevaléncia da sarcopenia, trés indices foram utilizados:
(1) massa muscular apendicular (ALM), caracterizada pela soma da massa muscular de
ambos bracos e pernas, dividida pela altura a0 quadrado (ALM/altura®)®, (2) uma
regressdo linear utilizando massa muscular total como variavel dependente com altura e
massa gorda total como variavel independente®, e (3) ALM dividida pelo indice de
massa corporal (IMC)®. O valor de corte para sarcopenia foi definido no percentil 20 de
cada indice descrito acima associado ao ponto de corte da forca muscular pelo handgrip
de acordo com a categoria do IMC®,

Artigo 2. A sarcopenia foi definida pela ALM dividida pela altura ao quadrado
< 7,26 kg/m? (ALM/altura?) e handgrip < 30kg, como proposto pelo European Working

Group on Sarcopenia in Older People®®.
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Figura 3. Densitometria computadorizada por absorciometria radioldgica de dupla energia -
DXA.

3.6 Avaliacao da atividade nervosa simpética muscular

Artigo 2. A MSNA foi avaliada através da técnica direta de microneurografia
(Figura 4). Este procedimento registra a atividade de multiunidades da via pos-
ganglionica eferente do fasciculo nervoso muscular do nervo fibular, localizado na
perna, inferior a cabeca da fibula. Os registros foram obtidos através da implantagéo de
dois microeletrodos de tungsténio na perna direita do paciente, onde o primeiro foi
posicionado na parte posterior do nervo fibular e o segundo, um microeletrodo
referéncia, posicionado acima do primeiro aproximadamente a 2-3 centimetros de
distancia®. Esta técnica foi validada e empregada em estudos de laboratério em
humanos®® %. Os eletrodos foram conectados a um pré-amplificador e o sinal do nervo

alimentado através de um filtro passa-banda (700 a 2000 Hz) que, em seguida, foi
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dirigido a um discriminador de amplitude para armazenagem em osciloscopio e em
caixa de som. Para fins de registro e analise, o neurograma filtrado foi alimentado
através de um integrador de capacitancia-resisténcia para a obtencdo da voltagem média
da atividade neural.

A MSNA foi avaliada através de um registro continuo da atividade simpatica
neuromuscular durante 10 minutos de repouso, com o paciente em decubito dorsal.
Durante esse periodo basal, um eletrocardiograma de cinco derivacGes foi realizado
simultaneamente. O sinal do nervo foi analisado manualmente e contado minuto a

minuto, por um unico avaliador cego a condicdo hormonal dos pacientes. A MSNA foi

expressa em disparos por minuto.

Microeletrodo referéncia

Microeletrodononervo
fibular

Figura 4. Avaliagdo da atividade nervosa simpatica muscular (plano superior) e sinal de
disparos espontaneos do nervo fibular (plano inferior) - Microneurografia.
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3.7 Avaliacao da reatividade parassimpatica

Artigo 2. A recuperacdo da frequéncia cardiaca (HRR) imediatamente apds um
teste de esforco fisico maximo € um método indireto de mensurar a reatividade do
sistema nervoso parassimpatico. Dessa forma, o retardo na HRR possui valor
progndstico em pacientes com IC*" %2 Apés atingir o esforco maximo no teste
ergoespirométrico, os pacientes realizaram 0s primeiros 2 minutos de recuperagdo
pedalando com 10 W e os 4 minutos seguintes sentados no cicloergbmetro. O delta da
HRR foi calculado pela subtracdo entre a FC méxima e a FC ao final do primeiro

(AHRR1), e segundo minuto de recuperacdo (AHRR2)%.
3.8 Avaliacao do fluxo sanguineo muscular do antebraco

Artigo 3. Simultaneamente a realizacdo da técnica de microneurografia, o fluxo
sanguineo muscular do antebraco (FBF) foi avaliado pela técnica de pletismografia de
oclusdo venosa (Figura 5). O braco ndo dominante foi elevado acima do nivel do
coragdo para garantir uma drenagem venosa adequada. Um tubo silastico preenchido
com mercurio, conectado a um transdutor de baixa pressdo e ao pletismdgrafo
(Hokanson Al6, Bellevue, WA), foi colocado ao redor do antebrago a cinco centimetros
de distancia da articulagdo ulnoumeral. O aumento da tensdo no tubo siléstico reflete o
aumento de volume do antebraco e, consequentemente, a medida de vasodilatacéo.

Os manguitos foram posicionados ao redor do punho e do brago. O manguito do
punho foi inflado a uma pressdo supra-sistolica (200 mmHg), 30 segundos antes de
iniciar as medidas e se manteve inflado no transcorrer do exame. Em intervalos de 20
segundos, 0 manguito do braco era inflado acima da pressao supra-venosa (60 mmHg)

por um periodo de 10 segundos e desinflado por mais 10 segundos. O sinal de onda do
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FBF basal foi registrado em um poligrafo e analisado a cada minuto, realizando-se

dessa forma trés registros por minuto. A analise foi realizada manualmente por um

Unico avaliador cego a condi¢cdo hormonal dos pacientes.

Figura 5. Avaliacdo do fluxo sanguineo muscular do antebraco - Pletismografia de oclusdo
venosa. llustragio adaptado de Casey, DP et al. (plano inferior)®.

O débito cardiaco, pressdo arterial sistolica, diastdlica e média foram avaliados
pelo Finometer® PRO (Finapres Medical Systems), método n&o invasivo que avaliou a
PA batimento a batimento (Figura 6). A FC foi obtida através do registro
eletrocardiografico de cinco derivagdes. Este sinal eletrocardiografico foi pré-

amplificado (General Purpose Amplifier/Stemtech, Inc., GPA-4, modelo 2) e convertido
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de analdgico para digital, e em seguida, analisado em um programa de computador

WINDAQ, numa frequéncia de 500 Hz.

Pletismografia de

Eletrocardiograma de
oclusio venosa

5 derivagdes

Finometer:
variaveis hemodinamicas

Microneurografia

Figura 6. Posicionamento do paciente na realizacdo da microneurografia, plestimografia de
oclusdo venosa, eletrocardiograma e variaveis hemodinamicas.
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4 ANALISE ESTATISTICA

O risco proporcional de Cox com andlise univariada e multivariada (stepwise
backward para variaveis com p<0,10) foi utilizado para testar as associa¢fes entre as
varidveis analisadas e o desfecho dos pacientes (mortalidade). A sobrevida dos
pacientes foi avaliada pela anélise de Kaplan-Meier com 95% de intervalo de confianca
(95% CI) entre a concentracdo plasmatica de TL e FBF para a incidéncia de eventos e
mortalidade dentro do periodo de 36 meses. O teste de long-rank Cox-Mantel foi
utilizado para determinar as diferencas nas taxas de sobrevida.

Artigo 1, 2 e 3. Os dados sdo apresentados como média + desvio padrdo da
média, mediana com intervalo interquartil (95% CI) e frequéncia e percentual para
variaveis categoricas. O teste de Kolmogorov-Smirnov foi utilizado para verificar todas
as variaveis quanto a distribuicdo de normalidade. Para as variaveis categoricas, o teste
Chi-square (X?) foi utilizado para analisar a classe funcional, o tratamento
medicamentoso e a etiologia da ICFEr. O programa Statistical Package for the Social
Sciences version 23 (SPSS Inc., Chicago, Illinois, USA) foi utilizado para todas as
analises estatisticas. O valor de p<0,05 foi considerado estatisticamente significante.

Artigo 1. O teste t de Student e o teste U de Mann-Whitney foram utilizados para
comparar as Vvaridveis paramétricas e ndo paramétricas, respectivamente. Para as
analises entre os trés grupos sarcopénicos, a analise de variancia de um caminho
(ANOVA one-way), com analise de post-hoc de Scheffé em caso de diferenga
estatistica, e o teste de Kruskal-Wallis foram utilizados para varidveis paramétricas e
ndo parameétricas, respectivamente.

Artigo 2. Para as variaveis paramétricas e ndo paramétricas, foram utilizados o
teste t de Student e o teste U de Mann-Whitney, respectivamente. A correlagcdo de

Spearman foi utilizado quando apropriado.
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Artigo 3. Para as analises entre as trés etiologias, a ANOVA one-way, com
analise de post-hoc de Scheffé em caso de diferenca estatistica, foi utilizada para as
variaveis paramétricas, enquanto o teste de Kruskal-Wallis foi utilizado para comparar
as diferencas de hs-CRP e FBF entre os grupos. A correlacdo de Pearson e a anélise de

regressao logistica foram utilizadas quando apropriado.
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5 RESULTADOS

Na tabela 1 estdo descritos os resultados relacionados ao desfecho primario do
estudo. Na andlise univariada do risco proporcional de Cox, FEVE (OR, 0,950; 95% ClI,
0,913-0,990; p=0,014), BNP (OR, 5,960; 95% ClI, 3,162-11,234; p<0,0001), creatinina
(OR, 1,644; 95% ClI, 1,198-2,257; p=0,002), hs-CRP<2,79 mg/L (OR, 0,589; 95% ClI,
0,338-1,026; p=0,061), VOayico (OR, 0,883; 95% CI, 0,838-0,930; p<0,0001), presenca
de anemia (OR, 2,047; 95% CI, 1,175-3,566; p=0,001), TT<300 ng/dL (OR, 1,663; 95%
Cl, 0,946-2,925; p=0,077), TL<131 pmol/L (OR, 3,331; 95% CI, 1,891-5,869;
p<0,0001), MSNA (OR, 1,027; 95% ClI, 1,000-1,054; p=0,048) e FBF (OR, 0,341; 95%
Cl, 0,181-0,643; p<0,001) foram associados com maior mortalidade em pacientes com
ICFEr.

Na andlise multivariada stepwise backward do risco proporcional de Cox, BNP
(OR, 3,597; 95% CI, 1,750-7,392; p<0,001), TL<131 pmol/L (OR, 2,097; 95% ClI,
1,009-4,357; p=0,047) e FBF (OR, 0,568; 95% ClI, 0,273-1,184; p=0,031) foram
preditores independentes de mortalidade, apds ajuste para variaveis de confusdo como
idade, FEVE, NYHA, creatinina, hs-CRP<2,79 mg/L, VOypico, VE/VCO2, presenca de
anemia, presenca de sarcopenia, TT<300 ng/dL, DHEA-S, IGF-1 e MSNA.

Para analise de Kaplan Meier, os 169 pacientes com ICFEr foram subdivididos
em quatro grupos de acordo com a concentracdo plasmatica de TL e medida do FBF: (1)
pacientes com TL>131 pmol/L e FBF>1,85 mL/min*/100mL™ (n=77), (2) pacientes
com TL>131 pmol/L e FBF<1,85 mL/min™/100mL™ (n=59), (3) TL<131 pmol/L e
FBF>1,85 mL/min/200mL™? (n=11), e (4) TL<131 pmol/L e FBF<1,85 mL/min"
/100mL™? (n=22). A sobrevida acumulativa para esses grupos foi respectivamente de
78% (17 eventos), 73% (16 eventos), 55% (5 eventos) e 36% (14 eventos). O tempo

mediano de sobrevida foi de 32,4 meses (95% CI, 30,5-34,3), 31,3 meses (95% ClI,
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28,7-33,9), 23,5 meses (95% ClI, 14,8-32,3) e 21,2 meses (95% CI, 15,1-27,2) para 0s
respectivos grupos. O tempo de sobrevida foi estatisticamente diferente entre os grupos

(log rank Mantel-Cox p<0,001; Figura 7).
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Tabela 1. Analise uni e multivariada do risco proporcional de Cox para mortalidade.

Variaveis Univariada Multivariada
OR 95% CI | valordep OR 95% CI | Valor de p
Idade (por 1
(P 0,965-
ano de | 0,997 0,871
1,031
aumento)
FEVE (por 1% 0,913- 0,958-
0,950 0,014 1,002 0,944
de aumento) 0,990 1,047
BNP (por 10
3,162- 1,750-
pg/mL de | 5,960 <0,0001 3,597 <0,001
11,234 7,392
aumento)
NYHA  (por
0,239-
aumento de | 0,544 0,146
1,237
classe)
Creatinina (por
1,198- 0,737-
1 mg/dL de| 1,644 0,002 1,201 0,462
2,257 1,956
aumento)
hs-CRP<2,79
mg/L 0,338- 0,573-
) _ 0,589 0,061 1,070 0,831
(abaixo/acima 1,026 2,000
do corte)
. 0,838- 0,888-
ml/kg/min  de | 0,883 <0,0001 0,945 0,072
0,930 1,005
aumento)
VE/VCO; (por 0,991-
1,024 0,152
1 de aumento) 1,057
Presenca  de | 2,047 1.175- 0,001 1,168 0.641- 0,613
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anemia 3,566 2,128
Presenca  de 0,797-
_ 1,412 0,237
sarcopenia 2,501
TT<300ng/dL
. : 0,946- 0,350-
(abaixo/acima 1,663 0,077 0,730 0,401
2,925 1,523
do corte)
TL<131pmol/L
. . 1a891_ 1,009‘
(abaixo/acima 3,331 <0,0001 2,097 0,047
5,869 4,357
do corte)
DHEA-S
ng/mL;
( g. ) 0,888-
abaixo/acima 1,727 0,107
3,358
do corte para
idade)
IGF-1 (ng/mL;
abaixo/acima 0,384-
0,747 0,390
do corte para 1,453
idade)
MSNA
(disparos/min; 1,000- 0,989-
) 1,027 0,048 1,016 0,242
por 1 disparo 1,054 1,043
de aumento)
FBF (por
ImL/min’ 0,181- 0,273-
L 1 0,341 <0,001 0,568 0,031
/100mL™ de 0,643 1,184
aumento)

BNP = peptideo natriurético cerebral; Cl = intervalo de confian¢a; DHEA-S = dehidroepiandrosterona
sulfato; FBF = fluxo sanguineo muscular do antebraco; FEVE = fracdo de ejecdo do ventriculo esquerdo;
hs-CRP = proteina C-reativa ultra sensivel; IGF-1 = fator de crescimento semelhante & insulina tipo 1;
MSNA = atividade nervosa simpdtica muscular; NYHA = New York Heart Association; OR = razéo de
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chance; TL = testosterona livre; TT = testosterona total; VE/VCO, = ventilagdo/producéo de didxido de
carbono; VOqpic, = CONsumo pico de oxigénio.

L S
s TL>131 pmol/L +
N : | FBF>1,85 mL/min"/100mL"
™ | .
(=]
R
« i
.E TL>131 pmol/L +
® () 6 | FBF<1,85 mL/min"/100mL"!
- 0,6
z J -
= L TL<131 pmol/L +
1 FBF>1,85 mL/min"t/100mL!
& s %
:.E 0.4
bt TL<131 pmol/L +
-g FBF<1,85 mL/min"/100mL-!
L2 0,21
Log Rank (Mantel-Cox) p<0,001
0,0

I I | I

I
0 6 12 18 24 30 36
Tempo (meses)

Figura 7. Curva de Kaplan Meier com TL (testosterona livre) e FBF (fluxo sanguineo muscular
do antebrago) para determinacdo de sobrevida acumulativa no periodo de acompanhamento de
36 meses.
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Artigo 1

Fonseca GWPD, Dos Santos MR, de Souza FR, Takayama L, Pereira RMR, Negrdo
CE, Alves MJNN. Discriminating sarcopenia in overweight/obese male patients with

heart failure: the influence of body mass index. ESC Heart Fail. 2020 Feb; 7(1):84-91.

Nesse estudo, avaliamos a prevaléncia de sarcopenia em pacientes com ICFEr
utilizando trés métodos distintos de definicdo que corrigem a massa muscular pela
altura ao quadrado (indice de Baumgartner, mais utilizado na pratica clinica), pela altura
e massa gorda total como variaveis independentes em um regressdo linear (indice de
Newman) ou pelo IMC (indice de Studenski). Estas definices permitem uma
abordagem ampla de todo o espectro da sarcopenia, que varia entre pacientes
sarcopénicos com baixa e alta quantidade de gordura (obesidade sarcopénica). Os
principais resultados desse estudo foram: 1) a prevaléncia de sarcopenia é similar entre
pacientes “magros” (20,8%) e “obesos” (21,4%) quando indices que consideram a
massa gorda sdo utilizados; 2) os indices que incluem a massa gorda na correcdo
(Indices de Newman e Studenski) sdo mais sensiveis para detectar sarcopenia em
pacientes com IMC >25 kg/m% 3) embora 0s pacientes com obesidade sarcopénica
tenha apresentado uma massa muscular maior que 0s pacientes sarcopénicos, a
capacidade funcional foi reduzida em ambos 0S grupos em comparacdo com O0S

pacientes sem sarcopenia (artigo em apéndice).
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Artigo 2

Fonseca GWPD, Dos Santos MR, de Souza FR, da Costa MJA, von Haehling S,
Takayama L, Pereira RMR, Negrdo CE, Anker SD, Alves MINN. Sympatho-Vagal
Imbalance is Associated with Sarcopenia in Male Patients with Heart Failure. Arq

Bras Cardiol. 2019 Jun; 112(6):739-746.

Nesse estudo, avaliamos o impacto da modulagéo autondmica na sarcopenia em
116 pacientes com ICFEr. Os principais resultados desse estudo foram: 1) pacientes
com sarcopenia apresentam maior MSNA do que pacientes sem sarcopenia [47 (41-52)

vs. 40 (34-48) disparos/min; p=0,028; respectivamente]; 2) pacientes sarcopénicos
apresentam um menor AHRR1 [15 (10-21) vs. 22 (16-30) batimentos/min; p<0,001] e

AHRR2 [25 (19-39) vs. 35 (24-48) batimentos/min, p=0,017] em comparacdo com
pacientes ndo sarcopénicos, respectivamente; 3) houve uma correlacdo positiva entre
ALM e AHRRI1 (r=0,26; p=0,008) e AHRR2 (r=0,25; p=0,012), enquanto ALM se

correlacionou negativamente com MSNA (r=-0,29; p=0,003) (artigo em apéndice).
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Artigo 3 (artigo relacionado ao periodo de doutorado sanduiche)

Fonseca GWPD, Macedo TG, Ebner N, Dos Santos MR, de Souza FR, Mady C,
Takayama L, Pereira RMR, Doehner W, Anker SD, Negrdo CE, Alves MJNN, von
Haehling S. Muscle mass, muscle strength, and functional capacity in patients with

heart failure of Chagas disease and other aetiologies. ESC Heart Fail. 2020 Aug 28.

Nesse estudo, avaliamos o impacto da etiologia sobre as alteragcdes vasculares e
de composicdo corporal em 64 pacientes interinstitucionais, subdivididos em 22
pacientes com doenca de Chagas (TESTO-HF; InCor-Brasil), 20 pacientes com
cardiomiopatia dilatada e 22 pacientes com miocardiopatia isquémica (SICA-HF;
University of Gottingen Medical Center-Alemanha). Os principais resultados desse
estudo foram: 1) pacientes com ICFEr de origem chagasica e isquémica apresentaram
menor massa gorda (16,3 = 8,1 vs. 19,3 + 8,0 vs. 27,6 = 9,4 kg; p<0,05) e VOypico (1,17
+ 0,36 vs. 1,15 £ 0,36 vs. 1,50 £ 0,45 L/min; p<0,05) do que pacientes com
cardiomiopatia dilatada, respectivamente; 2) pacientes chagasicos com ICFEr
apresentaram menor forca muscular (27 + 8 vs. 37 + 11 vs. 36 + 14 kg; p<0,05) e FBF
(1,84 + 0,54 vs. 2,75 + 0,76 vs. 3,42 + 1,21 mL/min™/100 mL™; p<0,01) em comparaco
com pacientes isquémicos e com miocardiopatia dilatada, respectivamente; 3) houve
uma correlacdo positiva entre FBF e ALM (r=0,25; p=0,046), massa muscular total
(r=0,31; p=0,012) e forca muscular (r=0,36; p=0,004); 4) ALM (OR, 1,179; 95% ClI,
1,011-1,374; p=0,035) e hemoglobina (OR, 1,506; 95% Cl, 1,043-2,177; p=0,029)
foram independentemente associados com redugéo do VOyico €m pacientes com ICFEr,

apos ajuste para idade, FEVE, NYHA, creatinina e FBF (artigo em apéndice).
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6 ANALISE CRITICA

Os principais achados desse estudo foram: (1) o declinio na concentracdo
plasmatica de TL associado a reducdo do FBF sdao marcadores independentes de
mortalidade em pacientes com ICFEr, (2) a prevaléncia de sarcopenia (20,8%) e
obesidade sarcopénica (21,4%) sdo similares nessa populacdo, quando indices que
incluem massa gorda sao utilizados, (3) pacientes sarcopénicos apresentam um
desbalanco autonémico exacerbado, representado por um aumento de MSNA e menor
reatividade vagal apos teste de esforco maximo (AHRR1 ¢ AHRR2), que é associado
com a reducdo de ALM, e (4) pacientes de etiologia chagasica apresentam menor forca
muscular, FBF reduzido, menor massa gorda e uma tendéncia para reducdo de massa
muscular em comparac¢ao com outras etiologias.

A deficiéncia anabolica hormonal é uma das diversas comorbidades que acomete
pacientes com ICFEr, levando a um pior prognostico, especialmente quando ha o
acimulo de eixos anabolicos afetados™®. Alguns estudos demonstram uma reducéo nas
concentracOes de TT e TL com um estimulo reflexo no aumento de LH e FSH nesses
pacientes em comparacdo com individuos saudaveis pareados pela idade, sugerindo um
quadro de hipogonadismo primario®. Em estudos populacionais analisando o impacto
da reducdo na concentracdo plasmatica de testosterona, ficou demonstrado que a TL
parece ser mais sensivel do que TT na determinacdo de mortalidade por todas as causas
e por causas cardiovasculares em homens® ®. Nossos achados corroboram com esses
trabalhos que evidenciam que a reducdo de TL é um marcador independente de
mortalidade em pacientes com ICFEr, mesmo na presen¢a de FBF menor ou maior que
1,85 mL/min/100mL™, comparado com as outras duas condicdes, nas quais a TL é

maior que 131 pmol/L (Figura 7; curva de Kaplan Meier).
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As alteracGes neurovasculares, como o aumento da MSNA e a reducdo do FBF,
s30 também importantes marcadores de pior prognéstico em pacientes com ICFEr.
Entretanto, apesar do aumento da MSNA estar intimamente relacionado com a
progressdo da ICFEr, nossos resultados demonstram que a reducdo do FBF tem um
impacto mais significativo no desfecho de mortalidade nesses pacientes. A possivel
explicacdo para esse fendbmeno parece ser devido aos avancos farmacoldgicos no
tratamento da ICFEr, principalmente pelo uso de betabloqueadores (98% dos pacientes
no presente estudo), que aumentam a sobrevida dos pacientes por bloqueio da descarga
simpatica, central e periférico, e em contrapartida, hd& um aumento na participacao de
marcadores vasculares periféricos na progressdo da doenca.

A testosterona possui efeito sobre o leito vascular por meio do bloqueio nos
receptores de calcio do tipo-L e por um aumento no efluxo de potéssio, promovendo
assim um relaxamento das células musculares lisas™ °’. A melhora da funcéo endotelial
atribuida a testosterona também pode ser intermediada por uma reducdo do perfil
inflamatério e maior liberagéo de 6xido nitrico*®. Em pacientes com ICFEr, uma Gnica
administracdo de testosterona promoveu um aumento agudo de débito cardiaco
acompanhado de reducdo na resisténcia vascular periférica®®. Embora, a administracéo
de testosterona em doses fisiologicas também apresente efeito adicional na melhora de
capacidade funcional e forca muscular em pacientes com ICFEr*, sua agdo sistémica
em diversas tecidos, como a proéstata, é passivel de efeitos colaterais que devem ser
levados em consideracéo na prescricio para essa populacdo®.

A deficiéncia anabolica hormonal, assim como a reducéo do FBF por disfungéo
endotelial, sdo possiveis mecanismos também envolvidos no desenvolvimento de
sarcopenia™ "2. Nosso primeiro artigo (apéndice) corroboram com outros estudos que

demonstraram uma prevaléncia de sarcopenia em torno de 20% em pacientes com IC*".
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De forma complementar, este artigo também mostrou que a prevaléncia de obesidade
sarcopénica, caracterizada pela associacdo da perda da massa muscular com a aumento
no contelido de massa gorda, também apresentava similar prevaléncia a sarcopenia na
ICFEr (21,4% vs. 20,8%). Até o presente momento, estudos envolvendo essa tematica,
sarcopenia associada a obesidade, demonstravam uma prevaléncia de até 10% em
homens idosos e outras populagdes’” %1% A prevaléncia aumentada de obesidade
sarcopénica observada em nosso estudo pode passar a ser considerada também uma
caracteristica, até entdo desconhecida de pacientes com ICFEr, decorrente, em parte, da
incidéncia elevada de sarcopenia e obesidade nessa populacéo.

O desbalango autonémico caracteristico de pacientes com ICFEr pode ser outro
mecanismo envolvido no desenvolvimento de sarcopenia nesses pacientes. Em estudo
experimental ficou demonstrado que a hiperatividade simpatica contribui para
mudancas morfolégicas e funcionais do musculo esquelético de ratos®*. Nosso segundo
artigo (apéndice) demonstrou que pacientes com ICFEr apresentavam um aumento da
MSNA e reducdo da atividade parassimpatica, avaliada pela reativacdo vagal apds o
teste de esforco maximo, que foi correlacionada com a diminui¢do da ALM. De maneira
adicional, pacientes sarcopénicos, comparados aos ndo sarcopénicos, apresentavam uma
reducdo do VOgic, VE e da carga maxima de trabalho (Watt) no teste
ergoespiromeétrico.

A etiologia da ICFEr também pode influenciar as alteracdes de composicdo
corporal e diminui¢do da capacidade funcional. Em pacientes com IC e doenca de
Chagas, uma reducéo de peso corporal foi observada em comparagcdo com pacientes que
apresentavam apenas doenca de Chagas'®, enquanto o IMC de pacientes com IC de
etiologia chagasica foi menor do que pacientes de origem isquémica e nao isquémica,

sugerindo uma perda de composi¢do corporal mais acentuada com a sobreposicdo da
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doenca de Chagas e IC*™. Nosso terceiro artigo (apéndice) sustenta essa hipotese
demonstrando que pacientes chagasicos com ICFEr apresentavam uma massa gorda
similar aos pacientes de origem isquémica, mas com uma tendéncia para reducdo de
massa muscular. Ademais, pacientes chagasicos apresentaram pior FBF, menor forga
muscular e massa 6ssea do que pacientes com cardiomiopatia dilatada e de origem
isquémica. Importante destacar que os pacientes com ICFEr e doenca de Chagas eram
mais jovens, evidenciando que essas alteracGes de composicéo corporal podem ser mais
precoces em pacientes de etiologia chagasica, com uma perda de massa muscular mais

significante com a progressao associadas dessas doencas.
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7 CONCLUSAO

A reducdo da concentracdo plasmatica de TL associada a diminuicdo de FBF
mostrou ter valor prognéstico em pacientes com ICFEr. Estas alteracbes estdo
relacionadas com a progressdo da doenca e podem levar ao quadro de sarcopenia ou
obesidade sarcopénica, que sdo comorbidades distintas, mas apresentam uma
prevaléncia muito semelhante, em torno de 20%. O desbalanco autonémico exacerbado,
evidenciado pelo aumento da MSNA e reducdo da reatividade vagal apds o teste de
esforco maximo em pacientes sarcopénicos, pode ser um dos mecanismos envolvidos
no desenvolvimento de sarcopenia em pacientes com ICFEr. Ademais, pacientes de
etiologia chagasica apresentam piora no FBF, menor forca muscular e reducao de massa
gorda com uma tendéncia de diminui¢do da massa muscular, de forma mais precoce, em

comparagdo com as etiologias isquémica e ndo isquémica.
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Abstract

Aims The definition of sarcopenia based on appendicular lean mass/height @ (ALM/height (2)) is often used, although it can
underestimate the prevalence of sarcopenia in overweight/obese patients with heart failure. Therefore, new methods have
been proposed to overcome this limitation. We aimed to evaluate the prevalence of sarcopenia by three methods and com-
pare body composition in this population.

Methods and results We enrolled 168 male patients with heart failure (left ventricular ejection fraction <40%). Sixty-six pa-
tients (39.3%) were identified with sarcopenia by at least one method. The lower 20th percentile defined as the cut-off point
for sarcopenia was 7.03 kg/m?, —2.32 and 0.76 for Baumgartner’s (20.8%), Newman’s (21.4%), and Studenski’s methods
(21.4%), respectively. Patients with body mass index (BMI) <25 kg/m? were more likely to be identified by Baumgartner’s than
Studenski’s method (P < 0.001). However, in patients with BMI > 25 kg/mz, Studenski’s and Newman’s methods were more
likely to detect sarcopenia than Baumgartner’s method (both P < 0.005). Patients were further divided into three subgroups:
(i) patients classified in all indexes (n = 8), (ii) patients classified in Baumgartner’s (sarcopenic; n = 27), and (iii) patients clas-
sified in both Newman’s and Studenski’s methods (sarcopenic obesity; n = 31). Comparing body composition among groups, all
sarcopenic groups presented lower total lean mass compared with non-sarcopenic patients, whereas sarcopenic obese pa-
tients had higher total lean mass than lean sarcopenic patients.

Conclusions Our results demonstrate that the prevalence of sarcopenia in overweight/obese patients is similar to lean
sarcopenic patients when other methods are considered. In patients with higher BMI, Studenski’s method seems to be more
feasible to detect sarcopenia.
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Introduction

Sarcopenia has been defined as the age-related decline in
skeletal muscle mass, strength, and physical performance.
Sarcopenia affects about 20% of patients suffering from heart
failure (HF) and is a strong predictor of reduced exercise ca-
pacity and mortality in these patients.>>

Despite the large-scale use of the term ‘sarcopenia’, pre-
cise criteria to predict clinically relevant reduction in muscle
mass and function have not been established yet. In fact,
the classic cut-off point of 7.26 kg/m? for men, calculated
as appendicular lean mass (ALM) in kilograms divided by
height in metres squared (ALM/height?), is still frequently
used to classify patients with sarcopenia.* Nonetheless, this

© 2019 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of the European Society of Cardiology
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any me-
dium, provided the original work is properly cited and is not used for commercial purposes.
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definition does not include the amount of fat mass to predict
sarcopenia in overweight and obese patients.>®

Moreover, the combination of reduced muscle mass and
fat accumulation, a phenomenon known as sarcopenic obe-
sity (SO), leads to a higher-risk group with both disorders,’
and men may have a higher prevalence of SO than women.®
Paradoxically, although obesity increases the risk of HF, obese
patients with HF with reduced ejection fraction (HFrEF) may
have lower mortality rate than patients with healthy standard
body mass index (BMI; 18.5-24.99 kg/m?).° However, the
protective effect of higher BMI is abolished in the presence
of reduced lean mass and increased fat mass.'%*!

To overcome the limitation of ALM/height® (Baumgartner’s
method) to define sarcopenia in overweight/obese patients,
other definitions have been suggested. For instance, the re-
siduals of a linear regression derived from adjusting lean mass
for height and fat mass (Newman’s method) seem to be more
accurate in patients with high BMI, mainly composed of fat
mass.>*? In addition, adjusting ALM by BMI (Studenski’s
method) has recently been proposed as an alternative to de-
tect SO.2** Even though both methods may be similar to
identify patients with SO, the latter may have a better
applicability.

Therefore, the aim of this study was to compare the prev-
alence of sarcopenia and SO using Baumgartner’s, Newman'’s,
and Studenski’s methods and to compare body composition
features in patients with HFrEF classified by these methods.

Methods
Study population

We prospectively included 168 ambulatory male patients
with stable HFrEF. This is an unicentric, cross-sectional study
conducted between (May) 2016 and November 2018. Pa-
tients were eligible to participate if they had (i) age from 18
to 65 years old; (ii) at least 1 year of diagnosed HF; (iii) left
ventricular ejection fraction (<)40% measured by echocardi-
ography; (iv) non-ischaemic and ischaemic aetiologies; (v)
New York Heart Association Functional Classes | to IV; and
(vi) compensated HF with optimal medication for at least 1
month prior to the study.

Patients with autonomic diabetic neuropathy, chronic
renal failure in haemodialysis, heart transplantation, cardiac
implantable devices, muscular dystrophy (i.e. Duchenne mus-
cular dystrophy), any hormonal treatment, history of cancer,
ongoing infection, and myocardial infarction with percutane-
ous coronary intervention or revascularization 6 months prior
to the study entry were not included.

Written informed consent was obtained from all patients
before any study-related procedure if they agreed to partici-
pate. The study was approved by the local ethics committee

(No. 0892/07) and fulfilled all principles of the Declaration
of Helsinki. This protocol is registered at ClinicalTrials.gov un-
der the Unique Identifier Number NCT03463226.

Maximal cardiopulmonary exercise test

Symptom-limited cardiopulmonary exercise test (Vmax Encore
29 System; VIASYS Healthcare Inc., Palm Springs, CA, USA) was
performed on a cycle ergometer by all patients (Ergometer
800S; Sensor Medics, Yorba Linda, CA, USA), using a progres-
sive protocol with workload increments of 5 or 10 W/min. Ven-
tilation (VE), oxygen consumption (VO,), and carbon dioxide
output (VCO,) were acquired on a breath-by-breath basis
and expressed as 30 s averages. The patients were initially
monitored for 2 min at rest when seated on the ergometer,
and after that, they were instructed to pedal at a pace of
60-70 rpm, and the completion of the test occurred when, de-
spite verbal encouragement, the patient reached maximal vo-
litional fatigue. Respiratory exchange ratio higher than 1.10
was reached by 82% of the patients. Heart rate was monitored
continuously at rest, during the test and recovery phase, using
a 12-lead digital electrocardiogram (Cardio Soft 6.51
ECG/CAM-14, GE Medical Systems Information Technologies,
Wisconsin, WI, USA).

Body composition and muscle strength

Body composition measurements were performed using
dual-energy X-ray absorptiometry (DXA; Lunar iDXA; GE
Medical Systems Lunar, Madison, WI, USA). Whole-body
DXA scans were used to measure total and regional lean
and fat mass. The height of each patient was measured to
the nearest 0.1 cm with a wall-mounted stadiometer. DXA
measurements were performed by the same experienced
technician.

First, sarcopenia was calculated as the sum of ALM of both
arms and legs in kilograms divided by height in metres
squared (ALM/height?), following the method proposed by
Baumgartner.* Second, a linear regression was performed
using lean mass as dependent variable and height and total
fat mass as independent variables, using the residuals to de-
fine sarcopenia as proposed by Newman.*? In our sample, the
equation was ALM (kg) = —32.94 + 31.00 x height (m) + 0.18 x
total fat mass (kg). Third, ALM was divided by BMI as pro-
posed by Studenski.'® The cut-off values for sarcopenia in this
sample were defined as the lower 20th percentile of the dis-
tribution of each method.

After adjusting handle position, muscle strength was
assessed by handgrip dynamometer (Model J00105; Jamar
Hydraulic Hand Dynamometer, Sammons preston rolyan, Bo-
lingbrook, lllionis, USA) using the dominant hand in a supi-
nated position with elbow flexed at 90°. There was 1 min
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rest interval between efforts, and the maximum value of
three attempts was used.’® The handgrip cut-off point for
sarcopenia was defined according to the BMI categories as
proposed by the European Working Group on Sarcopenia in
Older People.’® We defined sarcopenia as having a cut-off
value below the 20th percentile and reduced handgrip
strength according to BMI ranges.

Laboratory measurements

Blood samples were drawn in the morning after 12 h over-
night fasting. The laboratory tests included B-type natriuretic
peptide (pg/mL) plasma level, serum sodium (mEqg/L), serum
potassium (mEg/L), creatinine (mg/dL), haemoglobin level
(g/dL), high-sensitivity C-reactive protein (hs-CRP; mg/L),
and fasting glucose (mg/dL).

Statistical analysis

Data are presented as mean * standard deviation, median
with lower and upper quartiles (95% confidence interval),
and categorical variables as frequencies and percentages.
One sample Kolmogorov—Smirnov test was used to assess
the normal distribution of all variables. Independent Stu-
dent’s t-test and Mann-Whitney U test were used to

compare parametric and nonparametric variables, respec-
tively. One-way analysis of variance, Kruskal-Wallis, and y*
tests were used as appropriate. Data were analysed using
the Statistical Package for the Social Sciences Version 23 for
Windows (SPSS Inc., Chicago, IL, USA). A P-value lower than
0.05 was considered statistically significant for all analyses.

Results

We enrolled 168 male patients with stable HFrEF (Table 1).
Sixty-six patients (39.3%) were identified with sarcopenia by
at least one method, using the 20th percentile defined as
the cut-off point of 7.03 kg/mz, —2.32 and 0.76 for
Baumgartner’s, Newman’s, and Studenski’s methods, respec-
tively. Of those 66 sarcopenic patients, there were eight pa-
tients exclusively classified by Baumgartner’s method, six
patients by Newman’s method, and 19 patients by
Studenski’s method (Figure ). Twenty-five patients were
classified in two of the three methods, which included three
patients in Baumgartner’s and Studenski’s methods, 16 pa-
tients in Baumgartner’s and Newman’s methods, and six pa-
tients in Newman’s and Studenski’s methods (Figure 1). The
remaining eight patients were classified in all methods (Figure
7). When using only one of the methods to detect sarcopenia,
there were 35 patients in Baumgartner’s method (20.8%), 36

Table 1 Baseline characteristics of the patients with and without sarcopenia

Variable

All patients (n = 168)  Without sarcopenia (n = 102)  With sarcopenia® (n = 66)  P-value

Age (years) 58 (51-62)
Weight (kg) 71.5 £13.1
Height (m) 1.67 = 0.07
BMI (kg/m?) 257 = 4.2
Aetiology (ischaemic/non-ischaemic) 48/120
Aetiology (Chagas/no Chagas) 40/128
NYHA class (I/1I/111/1V) 54/57/46/11
LVEF (0/0) 27 (22—33)
BNP (pg/mL) 438 (147-1050)
hs-CRP (mg/L) 2.8 (1.0-7.1)

1.1 (1.0-1.5)
140 (138-141)
4.5 (4.3-4.8)
139+ 1.8
104 (95-115)

Creatinine (mg/dL)
Sodium (mEg/L)
Potassium (mEgq/L)
Haemoglobin (g/dL)
Fasting glucose (mg/dL)

Medication
Beta-blocker, n (%) 164 (98)
ACE-I/ARB, n (%) 153 (91)
Thiazide/loop diuretics, n (%) 132 (79)
Aspirin, n (%) 66 (39)
Statins, n (%) 91 (54)
MRA, n (%) 118 (70)
Warfarin, n (%) 44 (26)
Vasodilators, n (%) 49 (29)
Metformin, n (%) 22 (13)

56 (50-61) 60 (55-63) <0.001
745 £ 10.5 66.8 = 14.9 <0.001
1.68 = 0.06 1.64 = 0.07 <0.001
26.2 = 3.0 249 =53 0.04
26/76 22/44 0.30
26/76 14/52 0.58
(39/31/24/8) (15/26/22/3) 0.20
27 (22-33) 25 (21-34) 0.82
363 (123-993) 461 (154-1336) 0.54
2.4 (0.9-5.9) 3.3(1.2-12.7) 0.049
1.2 (1.0-1.5) 1.1 (1.0-1.4) 0.12
140 (138-141) 139 (138-141) 0.75
4.5 (4.3-4.7) 4.6 (4.3-4.9) 0.16
140 £ 1.8 14.0 £ 15 0.84
104 (95-114) 104 (95-119) 0.87
99 (97) 65 (98) 1.00
95 (93) 58 (88) 0.28
80 (78) 52 (79) 1.00
34 (33) 32 (48) 0.06
51 (50) 40 (61) 0.21
71 (70) 47 (71) 0.86
32 (31) 12 (18) 0.07
32 (31) 17 (26) 0.49
11(11) 11(17) 0.35

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; BNP, B-type natriuretic pep-
tide; hs-CRP, high-sensitivity C-reactive protein; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NYHA,

New York Heart Association.

Data are presented as mean + SD, median (with lower and upper quartiles), or frequencies and percentages.

Patients classified by all methods.
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Figure 1 Prevalence of sarcopenia according to Baumgartner’s method (circle 1), Newman’s method (circle 2), and Studenski’s method (circle 3). Pa-
tients were further divided into three subgroups based on body composition. Number in black intersected by all circles refers to patients included in all
indexes (n = 8). Numbers in green represent patients in the sarcopenic group (n = 27). Numbers in red represent patients in the sarcopenic obesity

group (n = 31).
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patients in Newman’s method (21.4%), and 36 patients in
Studenski’s method (21.4%) (Figure I).

The distribution of individuals according to the BMI catego-
ries is presented in Figure 2. Patients with BMI < 25 kg/m?
were more likely to be identified as sarcopenic by
Baumgartner’s method (n = 31; 18.5%) when compared with
Studenski’s method (n = 12; 7.1%; P < 0.001), and there was
a trend towards higher number of cases in Baumgartner’s
method compared with Newman’s method (n = 20; 11.9%;

Figure 2 Prevalence of sarcopenia by method in patients with body mass
index (BMI) <25 and >25 kg/mz. "P = 0.053 vs. Newman’s method. 'P <
0.001 vs. Studenski’s method. P < 0.005 vs. both Newman’s and
Studenski’s methods.
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P = 0.053). Patients with BMI > 25 kg/m? were more likely
to be identified as sarcopenic by Studenski’s (n = 24; 14.3%)
and Newman’s methods (n = 16; 9.5%) when compared with
Baumgartner’s method (n = 4; 2.4%; both P < 0.005). There
was no difference between Studenski’s and Newman’s
methods in both categories of BMI (P = 0.11; P = 0.16).

Regardless of method used for definition, patients with
sarcopenia were older and had higher hs-CRP when com-
pared with non-sarcopenic patients. In addition, weight,
BMI, and height were lower in sarcopenic patients compared
with non-sarcopenic. There was no statistical difference in
medication between groups (Table 1).

We further divided the 66 sarcopenic patients into three
subgroups (Table 2 and Figure 1) according to body composi-
tion features, which consisted of patients classified in all in-
dexes (n = 8), patients classified in Baumgartner’s method
(sarcopenic; n = 27) and patients classified in Newman’s plus
Studenski’s method (sarcopenic obesity; n = 31).

Table 2 shows clinical characteristics of patients included in
the subgroups of sarcopenia. In general, we observed that
lean sarcopenic patients presented lower exercise tolerance
(reduced absolute peak VO, but not relative peak VO,) and
higher B-type natriuretic peptide and hs-CRP when compared
with non-sarcopenic and sarcopenic obese patients. On the
other hand, lean sarcopenic patients showed normal glucose
levels when compared with both non-sarcopenic and
sarcopenic obese patients. Left ventricular ejection fraction
was not different among groups (Table 2).
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Table 2 Demographic and clinical characteristics in subgroups of sarcopenia

Without sarcopenia All indexes Sarcopenic Sarcopenic obesity
Variable (n =102) (n =8) (n =27) (n =31)
Age (years) 56 (50-61) 63 (56—68)** 61 (57—63): 59 (55-63)*
Weight (kg) 745 + 10.5 56.3+9.6 " 584 +7.8" 76.8 = 14.5
Height (m) 1.68 + 0.06 1.59 * 0.05** 1.67 = 0.06" 1.62 + 0.07*
BMI (kg/m?) 26.2 + 3.0 22.3 £ 3.1*71 20.9 + 2.3*T 29.1 + 4.4*
Aetiology (ischaemic/non-ischaemic) 26/76 2/6 6/21 14/17
Aetiology (Chagas/no Chagas) 26/76 1/7 8/19 5/26
NYHA class (I/1/111/1V) (39/31/24/8) 1/3/4/0 8/11/7/1 6/12/11/2
LVEF (%) 27 (22-33) (25) (21-37) 25 (20-31) 28 (21-33)
BNP (pg/mL) 363 (123-993) 986 (299-2073)" 647 (207-1635)" 201 (99-784)
hs-CRP (mg/L) 2.4 (0.9-5.9) 9.2 (3.1-29.2)* 3.0 (1.2-12.4) 3.8 (0.9-9.1)
Creatinine (mg/dL) 1.2 (1.0-1.5) 1.4 (1.1-2.0)™* 1.1 (0.9-1.3) 1.1 (1.0-1.4)
Sodium (mEg/L) 140 (138-141) 140 (138-142) 139 (137-141) 140 (138-142)
Potassium (mEg/L) 4.5 (4.3-4.7) 4.5 (4.2-4.9) 4.6 (4.2-4.7) 4.7 (4.4-4.9)
Haemoglobin (g/dL) 14.0 £ 1.8 13.2+1.2 13.8 15 143 =15

Fasting glucose (mg/dL) 104 (95-114) 97 (91-110)*" 98 (88-108)*" 114 (102-130)*

Functional capacity and strength
Peak VO, (L/min)
Peak VO, (mL/min/kg)

1.41 (1.01-1.81)
19.3 (13.9-24.7)

0.96 (0.90-1.06)*t
16.0 (14.7-17.5)

0.98 (0.85-1.31)* 1
17.0 (14.3-23.9)

1.25(1.09-1.73)
16.6 (14.1-22.0)

VE/VCO; slope 34 (29-39) 33 (26-36) 36 (32-40) 36 (31-44)
Peak workload (W) 110 (70-150) 70 (38-88)* 70 (60-90)* 90 (55-115)*
Time (s) 556 (475-664) 590 (469—7*83) 510 (379—569)*’r 572 (509-663)
Handgrip strength (kg) 346 +7.6 25.4 + 557 29.6 + 6.8 33.2 + 6.1

BMI, body mass index; BNP, B-type natriuretic peptide; hs-CRP, high-sensitivity C-reactive protein; LVEF, left ventricular ejection fraction;
NYHA, New York Heart Association; VE/VCO,, ventilatory equivalent for carbon dioxide; VO,, oxygen consumption.

Data are presented as mean + SD or median (with lower and upper quartiles). Symbols in brackets denote a trend with P < 0.10.

*P < 0.05 (vs. without sarcopenia).

TP < 0.05 (vs. sarcopenic obesity).

*p < 0.05 (vs. sarcopenic).

Despite the method used to define sarcopenia, all
sarcopenic groups presented lower total lean mass and re-
duced lean mass in arms, legs, and trunk compared with
non-sarcopenic patients, whereas sarcopenic obese patients
had higher total lean mass and lean mass in arms and legs
than patients classified in all indexes and in the sarcopenic
group. In addition, lean percentage and lean/fat mass ratio
were lower in sarcopenic obese patients when compared
with their sarcopenic counterparts and non-sarcopenic

Body composition

Patients included in the sarcopenic group had a lower total
fat mass, fat percentage, fat mass in arms, legs, and trunk
when compared with non-sarcopenic patients and sarcopenic
obese patients. In addition, sarcopenic obese patients pre-
sented higher total fat mass, fat percentage, fat mass in arms,
legs, and trunk than those without sarcopenia and classified
in all indexes (Table 3).

Table 3 Body composition in subgroups of sarcopenia

Variable Without sarcopenia (n = 102) All indexes (n = 8) Sarcopenic (n = 27) Sarcopenic obesity (n = 31)

Fat mass (kg)
Arms 1.9+06 1.7 + 047 1.4 + 0.5%" 2.7 £ 1.1*
Legs 5.5+ 2.3 43 +1.091 42 +1.2%" 6.6 + 1.9*
Trunk 10.6 + 4.9 85+ 248" 6.5 + 4.0%1 15.9 + 5.4*
Total 184 7.0 15.2 = 417 12.8 = 5.6*1 26.2 + 8.1*
Total fat (%) 25+ 7 28 + 51 22 + 7% 35 + 5*

Lean mass (kg)
Arms 6.5+ 0.9 4.2 +0.6%" 5.0 = 0.6*1 5.9 + 0.8*
Legs 17.4 2.7 11.3 = 1.4%F 13.2 = 1.4%1 15.4 = 2.5%
Trunk 26.0 + 4.3 20.3 + 4.6* 21.7 +2.2% 23.4 + 4.3*
Total 52.4 * 5.8 38.0 = 5.9%1 42,6 = 417D 46.3 + 4.0%
Total lean (%) 71+6 68 + 4 1F 73 + 6 63 + 5*
Lean mass/fat mass 33*1.6 2.7 + 0.8 3.9 + 1.5%F 2.0 £ 0.5*

Data are presented as mean =+ SD or median (with lower and upper quartiles). Symbols in brackets denote a trend with P < 0.10.

*P < 0.05 (vs. without sarcopenia).
P < 0.05 (vs. sarcopenic obesity).
*P < 0.05 (vs. sarcopenic).
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patients. Patients classified in all indexes showed lower lean
percentage and lean/fat mass ratio than lean sarcopenic pa-
tients (Table 3).

Discussion

The main findings of this study are that the criteria based
on ALM adjusted by height plus fat mass (Newman’s
method) or adjusted by BMI (Studenski’s method) can be
used to determine sarcopenia in overweight/obese patients
with HFrEF, but the latter seems to be more appropriate to
apply in the clinical setting. The prevalence of sarcopenia
alone and SO is similar in patients with HFrEF when using
methods that consider fat mass and body size in its equa-
tion. Moreover, as expected, patients with HFrEF and SO
present higher lean mass than lean sarcopenic patients, al-
though the amount of lean mass is still lower than non-
sarcopenic patients.

Sarcopenia has become a major public health issue as the
population ages. It is well recognized as an independent
marker of worse prognosis in patients with HF,? and has been
related to reduced functional capacity and sympathovagal im-
balance.'”*® The last revised European consensus about
sarcopenia states that the cut-off point for sarcopenia must
be lower than 7.0 kg/m? for men using Baumgartner’s
method.? In our study, using the lower 20th percentile of
Baumgartner’s method to define sarcopenia, we found a sim-
ilar cut-off of 7.03 kg/m% In addition, the cut-off of
Newman’s method and Studenski’s method was —2.32 and
0.76, respectively. They were also very close to what have
been proposed by others.'**3

In a sample of 200 patients with HF, Filster and colleagues
found that 39 patients (19.5%) were classified as sarcopenic,
and about 37 of these patients (94.9%) were men. In our
study, the prevalence of sarcopenia was 20.8% for
Baumgartner’s method and 21.4% for Newman’s and
Studenski’s methods, showing a very similar prevalence
among the three methods and also close to the percentage
described in some studies*®?° but a little higher than in other
populations.**

In addition, obesity, defined as BMI > 30 kg/m?, has
reached epidemic proportions and is known to increase the
risk of developing HF.>! However, once HF is established,
obese patients may have an improved outcome because of
the obesity paradox.’® Although BMI is high, this protective
effect of overweight/obesity in these patients may be
abolished in the presence of decreased lean mass and in-
creased fat mass.'®*! Moreover, increases in BMI cannot de-
tect the regional body fat mass distribution, especially
visceral fat that has been associated with mortality in these
patients.>? Furthermore, the protective effect of higher BMI
should be considered with markers of functional capacity,

once the obesity paradox has been described to be more sig-
nificant in patients with lower cardiorespiratory fitness.?®

In spite of the limitations involved with BMI, we can still
use it to determine the relation between lean and fat mass,
once ALM is measured by a gold standard method to deter-
mine body composition (DXA).?* In our study, we found that
using Studenski’s method to determine SO was alike
Newman’s method, which uses a linear regression and adds
fat mass to the index proposed by Baumgartner to diagnose
sarcopenia. Furthermore, considering the similarities be-
tween Newman'’s and Studenski’s methods in predicting SO
in patients with HFrEF, BMI can be an easy and applicable
tool to adjust ALM in patients with higher body weight, al-
though neither of these methods is superior to the other.

The combination of sarcopenia and obesity has been de-
scribed as a higher-risk group that can potentiate the adverse
effects of these conditions alone.®” Low-grade inflammation
seems to be a common pathway in the progression of these
disorders and leads to alterations in body composition.?>®
Regardless of the definition of sarcopenia, we found that
sarcopenic patients presented increased hs-CRP. Although
we only measured one inflammatory marker, previous stud-
ies have shown that hs-CRP enables detection of even mild al-
terations in inflammation.?’

Moreover, muscle mass seems to be increased in patients
with SO because of a higher body weight they have to carry,
and it leads to a better maintenance of lean mass. In our
study, although patients with SO presented higher lean mass
compared with lean sarcopenic patients, percentage lean
mass and lean/fat mass ratio, used to correct muscle mass
in relation to body weight and fat, were reduced in these pa-
tients. On the other hand, even though peak workload was
lower in all sarcopenic patients, strength and peak VO, were
similar between patients with SO and non-sarcopenic. These
findings imply that some components of functional capacity
and body composition have already been compromised in
these patients, whilst others are still preserved. Physical ac-
tivity has extensively shown to improve health status in pa-
tients with HF, and it may play a role in reducing the risk of
sarcopenia and SO in the general population.”®2°

Limitations

Despite the novel findings presented in this study, some lim-
itations must be addressed. First, we only included male pa-
tients with HFrEF, so we are not able to extrapolate these
results to women and patients with HF with preserved ejec-
tion fraction. Second, the cut-off value of 20th percentile
was arbitrary, although it has been used in larger trials than
ours. Finally, there was no follow-up to evaluate the impact
of these alterations on prognosis in these patients, and the
cross-sectional analysis of this study does not allow conclu-
sions about cause-and-effect relationships.

ESC Heart Failure (2019)
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Conclusions

In summary, our results demonstrate that the prevalence of
sarcopenia in overweight/obese patients is similar to lean
sarcopenic patients when appropriate definitions are used
to determine sarcopenia in male patients with HFrEF. In pa-
tients with higher BMI, Studenski’s method seems to be more
feasible to detect sarcopenia in these patients.
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Abstract

Background: Resting sympathetic hyperactivity and impaired parasympathetic reactivation after exercise have been
described in patients with heart failure (HF). However, the association of these autonomic changes in patients with HF
and sarcopenia is unknown.

Objective: The aim of this study was to evaluate the impact of autonomic modulation on sarcopenia in male patients with HF.

Methods: We enrolled 116 male patients with HF and left ventricular ejection fraction < 40%. All patients underwent a
maximal cardiopulmonary exercise testing. Maximal heart rate was recorded and delta heart rate recovery (AHRR) was
assessed at 1%t and 2" minutes after exercise. Muscle sympathetic nerve activity (MSNA) was recorded by microneurography.
Dual-energy X-ray absorptiometry was used to measure body composition and sarcopenia was defined by the sum of
appendicular lean muscle mass (ALM) divided by height in meters squared and handgrip strength.

Results: Sarcopenia was identified in 33 patients (28%). Patients with sarcopenia had higher MSNA than those without
(47 [41-52] vs. 40 [34-48] bursts/min, p = 0.028). Sarcopenic patients showed lower AHRR at 1t (15 [10-21] vs. 22 [16-30]
beats/min, p < 0.001) and 2" min (25 [19-39] vs. 35 [24-48] beats/min, p = 0.017) than non-sarcopenic. There was a
positive correlation between ALM and AHRR at 1% (r = 0.26, p = 0.008) and 2" min (r = 0.25, p = 0.012). We observed
a negative correlation between ALM and MSNA (r = -0.29, p = 0.003).

Conclusion: Sympatho-vagal imbalance seems to be associated with sarcopenia in male patients with HF. These results
highlight the importance of a therapeutic approach in patients with muscle wasting and increased peripheral sympathetic
outflow. (Arq Bras Cardiol. 2019; 112(6):739-746)

Keywords: Heart Failure; Sarcopenia; Sympathetic Hyperactivity; Blunted Vagal Reactivation.

dysregulation is highly associated with increased morbidity and
mortality.” In normal conditions, sympathetic nervous system
exerts anabolic action via B,-adrenoceptors on skeletal muscle,®
but in experimental model of HF, the exacerbated sympathetic

Introduction

Changes in body composition play an important role in the
pathogenesis and progression of chronic heart failure (HF).!
Sarcopenia, which is characterized by a decrease in skeletal

muscle mass and strength, affects 19.5% of ambulatory patients
with HF? and is associated with several alterations such as
impaired endothelial function, reduced 6-minute walking
distance, and attenuated peak VO,.>* Although sarcopenia
has been frequently described in elderly patients as a
consequence of the ageing process, it can also be present in
younger patients with HF*

Resting sympathoexcitation is a hallmark in chronic HF?
In addition, accumulated evidence shows that this autonomic
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nervous activity contributes to downregulation of B,-adrenoceptors
favoring skeletal muscle atrophy and weight loss.”

Reduced parasympathetic activity has also been reported in
patients with HE%? Binkley and colleagues' showed impaired
parasympathetic activity in patients with HF evaluated by
heart rate variability. Moreover, heart rate recovery (HRR), an
important cardiac deceleration mechanism after maximum
effort, can also be used to assess parasympathetic activity
immediately after maximal exercise testing." Furthermore, HRR
is an easy, low-cost, and clinical assessment of vagal reactivation,
and provides additional prognostic information.'>'*

Muscle sympathetic nerve activity (MSNA) and HRR,
as measures of sympathetic and parasympathetic activity,
respectively, have not been studied in sarcopenic patients
with HF. Therefore, the aim of this study was to evaluate
the impact of autonomic modulation assessed by MSNA (by
microneurography technique) and HRR immediately after
maximal exercise testing in patients with HF and sarcopenia.
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Methods

Study population

Between May 1, 2016 and December 31, 2017, we
prospectively enrolled 116 male outpatients with stable
chronic HF. Inclusion criteria were: (1) age between 18
and 65 years old; (2) at least 1 year of HF diagnosis; (3) left
ventricular ejection fraction (LVEF) lower than 40% measured
by echocardiography; (4) non-ischemic and ischemic
etiologies; (5) compensated HF with optimal medication for
at least three months prior the study; and (6) New York Heart
Association (NYHA) class | to IV.

Patients with autonomic diabetic neuropathy, chronic renal
failure with haemodialysis, heart transplantation, pacemaker,
muscular dystrophy (i.e. Duchenne muscular dystrophy), any
hormonal treatment, history of cancer, ongoing infection, and
myocardial infarction with percutaneous coronary intervention
or revascularization up to 6 months prior to the study entry,
were not included.

Muscle sympathetic nerve activity

MSNA was directly recorded from the peroneal nerve using
the microneurography technique.''® Multiunit post-ganglionic
muscle sympathetic nerve recordings were made using a
tungsten microelectrode placed in the peroneal nerve near
the fibular head. Nerve signals were amplified by a factor of
50,000 to 100,000 and band-pass filtered (700 to 2000 Hz).
For recording and analysis, nerve activity was rectified and
integrated (time constant 0.1 second) to obtain a mean voltage
display of sympathetic nerve activity. MSNA was expressed as
burst frequency (bursts per minute).

Maximal cardiopulmonary exercise test

All patients underwent symptom-limited cardiopulmonary
exercise test (Vmax Encore 29 System; VIASYS Healthcare
Inc., Palm Springs, California, USA) performed on a cycle
ergometer (Ergometer 800S; SensorMedics, Yorba Linda,
California, USA), using a ramp protocol with workload
increments of 5 or 10 Watts per minute. Oxygen consumption
(VO,) and carbon dioxide output (VCO,) were measured by
means of gas exchange on a breath-by-breath basis and
expressed as 30-s averages. The patients were initially
monitored for 2 minutes at rest when seated on the
ergometer; then they were instructed to pedal at a pace of
60-70 rpm and the completion of the test occurred when, in
spite of verbal encouragement, the patient reached maximal
volitional fatigue. A respiratory exchange ratio (RER) higher
than 1.10 was reached for all patients. Heart rate (HR) was
monitored continuously at rest, during the test and recovery
phase, using a 12-lead digital electrocardiogram (CardioSoft
6.51 ECG/CAM-14, GE Medical Systems Information
Technologies, Wisconsin, USA)."

After achieving peak workload, the patients continued
to pedal at 10 watts for 2 minutes, followed by 4 minutes
seated on the ergometer, this 6-min period was considered the
recovery phase. Delta (A) HRR was calculated by subtracting
the HR values at 1%t (AHRR1) and 2" (AHRR2) minutes of the
recovery phase from the peak HR."

Body composition and muscle strength

Body composition measurements — total lean and fat mass
— were performed using dual-energy X-ray absorptiometry
(DXA) (Lunar iDXA; GE Medical Systems Lunar, Madison,
USA). Then, skeletal muscle mass index (SMI) was calculated
as the sum of appendicular lean muscle mass of both arms
and legs divided by height in meters squared.

After adjusting handle position, muscle strength was
assessed by handgrip dynamometer (Model J00105; Jamar
Hydraulic Hand Dynamometer) using the dominant hand
in a supinated position with elbow flexed at 902. There was
1-min rest interval between efforts and the maximum value
of three attempts was used."

Sarcopenia was defined as SMI and muscle strength lower
than 7.26 kg/m? and 30 kg, respectively.?

Laboratory Measurements

Blood samples were drawn in the morning after 12h
overnight fasting. The laboratory tests included B-type
natriuretic peptide (BNP; pg/mL) plasma level, serum sodium
(mEqg/L), serum potassium (mEqg/L), creatinine (mg/dL),
haemoglobin level (g/dL), high-sensitivity C-reactive protein
(hs-CRP; mg/L), lipid profile (triglyceride, total cholesterol,
high-density lipoprotein, and low-density lipoprotein; mg/dL),
and fasting glucose (mg/dL).

Statistical analysis

Data are presented as mean + standard deviation and
median with lower and upper quartile (95%Cl). One-sample
Kolmogorov-Smirnov test was used to evaluate the distribution
normality of the studied variables. Student's t-test and
Mann-Whitney U test were used to compare parametric and
nonparametric variables, respectively. Chi-square test and
Spearman's correlation were used as appropriate. The Statistical
Package for the Social Sciences version 23 (SPSS Inc., Chicago,
lllinois, USA) was used to perform all the statistical analysis.
P value lower than 0.05 was considered statistically significant.

Results

Clinical-demographic data

We prospectively enrolled 116 male patients (Table 1) with
stable chronic HF, 33 of whom were identified to have sarcopenia
(28%). Patients with sarcopenia were older, had higher BNP
concentration, and lower hemoglobin compared with patients
without sarcopenia. No difference was found between sarcopenic
and non-sarcopenic patients regarding the dosage of -blocker
medication (20 * 9.6 vs. 23 * 10.5 mg b.i.d,, p = 0.39;
respectively) and medication in general (Table 1).

Muscle sympathetic nerve activity, heart rate recovery and
functional capacity

Patients with sarcopenia had higher MSNA (Figure 1) and
lower AHRRT and AHRR2 (Figure 2) when compared with
non-sarcopenic patients. There was no statistical difference
in resting HR and peak HR between sarcopenic and non-
sarcopenic patients.

Arq Bras Cardiol. 2019; 112(6):739-746
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Table 1 - Demographic and clinical characteristics of the study population

Variables All patients (n = 116) Patients with sarcopenia (n = 33) Patients without sarcopenia (n = 83) P value
Age (y) 55+9 59+ 6 54+9 0.002
Weight (kg) 71.1+144 594+74 75.8+13.8 <0.001
Height (m) 1.67 £0.07 1.66 £ 0.07 1.67+0.07 0.401
BMI (kg/m?) 255+45 216+25 2711+42 <0.001
Aetiology (Ischaemic/non-ischaemic) 30/86 8/25 22/61 1.000
NYHA class (I/1/11I1V) 40/41/28/7 9111112 31/30/17/5 0.500
LVEF (%) 28+8 267 298 0.124
BNP (pg/mL) 773 £ 877 1159 + 924 621+ 816 0.006
Sodium (mEg/L) 139+3 138+4 13943 0.383
Potassium (mEg/L) 4604 46+03 46+04 0.535
Creatinine (mg/dL) 1.24£0.39 1.27 £ 047 1.23+0.35 0.568
Haemoglobin (g/dL) 13917 13.3+16 141£17 0.022
hs-CRP (mg/L) 8.96 £ 16.0 124+ 136 76+16.7 0.147
Triglyceride (mg/dL) 118 + 68 96 + 38 127 £75 0.031
Cholesterol (mg/dL) 170 £ 45 159 £ 37 174 £ 48 0.111
HDL (mg/dL) 44+ 15 47+ 16 44 14 0.306
LDL (mg/dL) 103 +35 95+25 106 + 38 0.155
Fasting glucose (mg/dL) 108 + 21 106 + 24 109 + 20 0.510
Medication

B-blocker 33(100) 78 (94) 0.319
Statins 18 (55) 49 (59) 0.682
ACEI/ARB 31(%4) 76 (92) 1.000
Diuretics 26 (79) 62 (75) 0.811
Anticoagulants 12 (36) 32(39) 1.000
Hydralazine 6(18) 18 (22) 0.802
Isosorbide 6(18) 18 (22) 0.802
Spironolactone 24 (73) 58 (70) 0.824

Data are presented as mean + SD or %. P value referred to Student’s t-test and Chi-square test for medication. ACEI, angiotensin converting enzyme inhibitors;
ARB: angiotensin receptor blockers; BMI: body mass index; BNP: B-type natriuretic peptide; HDL: high-density lipoprotein; hs-CRP: high-sensitivity C-reactive protein;
LDL: low-density lipoprotein; LVEF: left ventricular ejection fraction; NYHA: New York Heart Association.

Spearman’s correlation showed a positive correlation
between appendicular lean muscle mass and AHRR1 and
AHRR2 (Figures 3A and 3B, respectively). In addition, we
observed a negative correlation between appendicular lean
muscle mass and MSNA (Figure 3C).

Absolute VO, relative VO, and peak workload were
significantly lower in patients with sarcopenia than those
without. Sarcopenic patients also showed higher ventilatory
equivalent for carbon dioxide (VE/VCO,) slope and dead space
to tidal volume (VD/VT ) than non-sarcopenic patients,
whereas VE _, was lower in patients with sarcopenia than
those without (Table 2).

Body composition and muscle strength characteristics

Body mass index was lower in sarcopenic patients when
compared with non-sarcopenic, with a significant reduction

Arq Bras Cardiol. 2019; 112(6):739-746

in appendicular lean muscle mass, total lean mass, fat mass,
and fat percentage (Table 2). SMI and muscle strength assessed
by handgrip dynamometer were also lower in patients with
sarcopenia compared with those without sarcopenia.

Discussion

The main and new findings of this study are that sarcopenic
patients with HF have increased resting MSNA and blunted
vagal reactivation after maximal exercise testing when
compared with patients without sarcopenia. Moreover, the
appendicular lean muscle mass seems to be associated with
higher MSNA and blunted HRR. Additionally, as previously
demonstrated,? we also confirmed the reduction in exercise
tolerance (decreased peak VO, and peak workload) in patients
with HF and muscle wasting.
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Figure 1 - Muscle sympathetic nerve activity (MSNA) in bursts/min. Values are presented as medians with lower and upper quartiles (Cl 95%). Note that sarcopenic

patients showed an increase of 18% in MSNA.
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Figure 2 - Delta heart rate recovery at 1st (AHRR1) and 2nd (AHRR2) minutes immediately after maximal exercise testing. Values are presented as medians with lower
and upper quartiles (Cl 95%). Note that sarcopenic patients showed a lower HRR at 1st (47% difference) and 2nd minutes (40% difference).

HF is a complex disease associated with several
comorbidities. One of the major co-morbidities observed in
patients with advanced chronic HF is sarcopenia, which is
associated with poor prognosis.?' Although the aetiology of
sarcopenia is multifactorial, several mechanisms have been
suggested to explain this decrease in muscle mass in patients
with HF, such as increased inflammatory profile,? increased
oxidative stress,?> overactivation of ubiquitin—proteasome
system,?* and increased C-terminal agrin fragment (CAF).%
These alterations, acting independently or in combination,
may lead to excessive muscle protein degradation and reduced
muscle protein synthesis.

Besides the mechanisms mentioned above, exacerbated
sympathetic nerve activity seems to be an important
pathophysiological feature in HF leading to the loss of skeletal
muscle.® In an experimental model of HF, Bacurau and
colleagues® showed that sympathetic hyperactivity contributes
to the development of skeletal myopathy by changing muscle
morphology.® B,-adrenoceptors play a key role in regulating
skeletal muscle mass in both anabolic and catabolic state.?

However, chronic sympathetic hyperactivity may be toxic to
skeletal muscle,?” which favors weight loss and sarcopenia in
patients with HE. Moreover, increased sympathetic outflow is
associated with higher chance of arrhythmias,?® and adverse
remodeling of the heart.?

Interestingly, pharmacological treatment of HF is focused on
blocking sympathetic activity, mainly by using cardio-selective
and non-selective B-blockers.’® Treatment with B-blockers
can increase total body fat mass and total body fat content in
patients with HF, without apparent improvement in muscle
mass.>*3" In this study, we did not observe differences between
groups in B-blocker treatment and dosage. In this context,
future randomized clinical trials are required to assess the
real impact of B-blocker therapy on skeletal muscle mass
in patients with HE.

Previous studies showed that HRR has an important
prognostic value in the general population'? and in patients
with HF3? In addition, HRR is a very simple and easy way to
indirectly evaluate the reactivation of the parasympathetic
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Figure 3 - (A) Spearman’s correlation between appendicular lean muscle mass and delta heart rate recovery at 1st minute (AHRR1). (B) Spearman’s correlation between
appendicular lean muscle mass and delta heart rate recovery at 2nd minute (AHRR?2). (C) Spearman’s correlation between appendicular lean muscle mass and muscle

sympathetic nerve activity (MSNA).

Table 2 - Cardiopulmonary, body composition and strength variables of the patients

Variables All patients (n = 116) Patients with sarcopenia (n = 33) Patients without sarcopenia (n = 83) P value
Absolute Vozpeak(L/min) 1434048 1.09£0.31 1.58 +0.47 <0.001
Relative VO, (ml/(kg/min)) 20.1+6.3 18.3+53 21.0+6.5 0.036

Peak workload (Watts) 103 £ 47 7 +£27 115 £ 51 <0.001
Resting HR (beats/min) 7213 75+ 16 71+12 0.254

HR_, (beats/min) 134 £27 130+ 27 135+ 28 0.323

VENCO, slope 3B+7 378 3B+7 0.015

VDT, 0.17 £0.02 0.19+0.04 0.16 +0.04 <0.001
VE,,, (L/min) 625+18.3 535+ 14.1 66.4 184 <0.001
Body composition and strength

Total LM (kg) 496 +84 430452 525+80 <0.001
ALM (kg) 222443 183+23 239+38 <0.001
SMI (kg/m?) 797 £1.21 6.63 +0.58 8.54 +0.92 <0.001
Fat mass (kg) 182+85 129+49 205+8.8 <0.001
Fat (%) 26+8 2+7 278 <0.001
Handgrip strength (kg) 338 26+3 36+8 <0.001

Data are presented as mean + standard deviation or %. P value referred to Student's t-test. ALM: appendicular lean muscle mass; HR: heart rate; LM: lean mass;
SMI: skeletal muscle mass index; VE: ventilation; VE/VCO,: ventilatory equivalent for carbon dioxide; VD/VT. dead space to tidal volume, VO, oxygen consumption.
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nervous system immediately after maximum effort in
cardiopulmonary exercise testing." Several investigators
showed that the kinetic of HRR in a 6-min recovery period
was reduced in patients with HF** and this reduction
seems to be independent of B-adrenergic blocker
therapy.** Ushijima et al.** showed an association between
norepinephrine and HRR in patients with myocardial
infarction, arguing that increased sympathetic excitation
at maximum exercise may suppress the parasympathetic
reactivation leading to HRR attenuation.

Taken together, the sympathovagal impairment in patients
with HF is associated with poor outcome, and this autonomic
imbalance may worsen the loss of muscle mass in these
patients. In fact, we showed greater MSNA and lower decrease
in HRR at 1% and 2" minutes post-exercise in sarcopenic
patients with HFE. Furthermore, reduced appendicular lean
muscle mass was correlated with lower HRR1 (r = 0.26),
HRR2 (r = 0.25) and greater MSNA (r = -0.29).

We recognize limitations in our study. The present
study included only male patients, so we are not able
to generalize these results to female patients with HF.
Further studies are necessary to investigate the influence of
sarcopenia on gender-related differences. The date when
HF was diagnosed was not available in patients’” medical
records, and to compensate for this missing information, we
included only patients with at least one year of diagnosis.
We assessed parasympathetic activity using the HRR as
a marker of vagal reactivation. Although our study has
a clinical applicability, more studies using HR variability
should clarify the role of cardiac autonomic control on
sarcopenia in patients with HF.

Conclusion

Sympatho-vagal imbalance seems to be associated
with sarcopenia in male patients with HF. These results
highlight the importance of a therapeutic approach in
patients with muscle wasting and increased peripheral
sympathetic outflow.
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Abstract

Aims Patients with Chagas disease and heart failure (HF) have a poor prognosis similar to that of patients with ischaemic or
dilated cardiomyopathy. However, the impact of body composition and muscle strength changes in these aetiologies is still
unknown. We aimed to evaluate these parameters across aetiologies in two distinct cohort studies [TESTOsterone-Heart Fail-
ure trial (TESTO-HF; Brazil) and Studies Investigating Co-morbidities Aggravating Heart Failure (SICA-HF; Germany)].
Methods and results A total of 64 male patients with left ventricular ejection fraction <40% were matched for body mass
index and New York Heart Association class, including 22 patients with Chagas disease (TESTO-HF; Brazil), and 20 patients with
dilated cardiomyopathy and 22 patients with ischaemic heart disease (SICA-HF; Germany). Lean body mass (LBM), appendic-
ular lean mass (ALM), and fat mass were assessed by dual energy X-ray absorptiometry. Sarcopenia was defined as ALM di-
vided by height in metres squared <7.0 kg/m? (ALM/height®) and handgrip strength cut-off for men according to the
European Working Group on Sarcopenia in Older People. All patients performed maximal cardiopulmonary exercise testing.
Forearm blood flow (FBF) was measured by venous occlusion plethysmography. Chagasic and ischaemic patients had lower
total fat mass (16.3 + 8.1 vs. 19.3 + 8.0 vs. 27.6 + 9.4 kg; P < 0.05) and reduced peak oxygen consumption (VO,)
(1.17 £ 0.36 vs. 1.15 + 0.36 vs. 1.50 *+ 0.45 L/min; P < 0.05) than patients with dilated cardiomyopathy, respectively. Chagasic
patients showed a trend towards decreased LBM when compared with ischaemic patients (48.3 = 7.6 vs. 54.2 + 6.3 kg;
P = 0.09). Chagasic patients showed lower handgrip strength (27 + 8 vs. 37 + 11 vs. 36 + 14 kg; P < 0.05) and FBF
(1.84 £ 0.54 vs. 2.75 £ 0.76 vs. 3.42 + 1.21 mL/min/100 mL; P < 0.01) than ischaemic and dilated cardiomyopathy patients,
respectively. There was no statistical difference in the distribution of sarcopenia between groups (P = 0.87). In addition,
FBF correlated positively with LBM (r = 0.31; P = 0.012), ALM (r = 0.25; P = 0.046), and handgrip strength (r = 0.36;
P =0.004). In a logistic regression model using peak VO, as the dependent variable, haemoglobin (odds ratio, 1.506; 95% con-
fidence interval, 1.043-2.177; P = 0.029) and ALM (odds ratio, 1.179; 95% confidence interval, 1.011-1.374; P = 0.035) were
independent predictors for peak VO, adjusted by age, left ventricular ejection fraction, New York Heart Association, creatinine,
and FBF.

Conclusions Patients with Chagas disease and HF have decreased fat mass and exhibit reduced peripheral blood flow and
impaired muscle strength compared with ischaemic HF patients. In addition, patients with Chagas disease and HF show a ten-
dency to have greater reduction in total LBM, with ALM remaining an independent predictor of reduced functional capacity in
these patients. The percentage of patients affected by sarcopenia was equal between groups.
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Introduction

Heart failure (HF) is highly prevalent in Western countries, af-
fecting 5.7 million patients in the USA alone and more than
37 million globally.' The aetiology of HF is multifactorial;
guidelines of the European Society of Cardiology? state that
many patients have several different pathologies—cardiovas-
cular and non-cardiovascular—that conspire to cause HF. In
general, more than two-thirds of all cases of HF can be attrib-
uted to four underlying conditions: ischaemic heart disease,
chronic obstructive pulmonary disease, hypertensive heart
disease, and rheumatic heart disease.! Immune-mediated
and inflammatory damage, frequently caused by bacteria,
spirochaetes, fungi, protozoa, parasites, rickettsiae, and vi-
ruses, play a less important role in Western countries. How-
ever, parasites like Trypanosoma cruzi have become an
extremely important consideration in the differential diagno-
sis of HF in certain regions of the world. Indeed, the preva-
lence of the zoonosis Chagas disease among patients with
HF has been described to reach 22.7% in endemic regions in
Latin America, especially in developing countries such
as Brazil 2

Although Chagas disease has been commonly described
as a feature of rural and socio-economically deprived com-
munities, the disease has reached an urban and global pro-
portion in recent decades as a result of migration patterns,
impacting the epidemiological profile of the disease even in
non-endemic regions such as the USA and Europe.* In light
of these alarming facts, it is noteworthy that patients with
HF and Chagas disease have shown to have higher rates of
hospitalization and mortality as compared with patients
with ischaemic and other non-ischaemic causes of HF.>*
Despite this, little is known about the metabolic profiles
and the co-morbidity burden of patients with HF and
Chagas disease. Treatment involves parasite-specific drugs
(benznidazole and nifurtimox) during acute infection and
times of reactivation and HF-specific drugs and devices.
With regard to HF-specific drugs, a scarcity of data is re-
lated to the fact that most large-scale HF trials have
excluded patients with infectious diseases like Chagas
disease. However, beta-blocker therapy has—despite con-
cerns about the appearance of bradyarrhythmias—
proven to be safe and efficacious in patients with
Chagas disease.®’

Some data regarding metabolic and epidemiological fea-
tures of patients with HF due to Chagas disease have been
published.  For instance, patients with  Chagas
disease-associated HF appear to have a lower body mass
index (BMI) in comparison with patients with ischaemic or
non-ischaemic HF® and, when only patients with Chagas

disease and HF are considered, those who died had lower
values of BMI as well.® Additionally, reduced body weight
has also been reported in Chagas disease patients with
HF compared with their counterparts with Chagas disease
alone.® Thus, it appears that an overlap is present between
Chagas disease and the development/progression of HF
that leads to alterations in body weight. Unfortunately,
there are no studies assessing body composition features
in these patients, neither in a cross-sectional nor
longitudinal fashion.

The aim of this study was to evaluate body composition,
muscle mass, muscle strength, and functional capacity in pa-
tients with Chagas disease enrolled into the Brazilian
TESTOsterone-Heart Failure trial (TESTO-HF) and to compare
them with data from patients with ischaemic or
non-ischaemic HF enrolled into the Studies Investigating
Co-morbidities Aggravating Heart Failure (SICA-HF) enrolled
in Germany.

Material and methods

Study population

Patients for this analysis were selected from the TESTO-HF
trial and the SICA-HF study. Of the total population enrolled
in Brazil (169 patients; TESTO-HF) and Germany (327 pa-
tients; SICA-HF), 64 male patients were matched by BMI
with a tolerance of 2 standard deviation and New York Heart
Association (NYHA) functional class Il and Ill. In Germany,
patients were enrolled between March 2010 and April
2015 at Charité Medical School in Berlin. In Brazil, patients
were enrolled between May 2016 and March 2019 at the
Heart Institute of the University of S3o Paulo Medical
School. The inclusion criteria for both studies have been de-
scribed in  detail  elsewhere®!!  (NCT01872299;
NCT03463226). For the present analysis, only patients were
eligible if they were older than 18 years and had clinical
signs and symptoms of chronic HF (NYHA Il and 1ll) and a left
ventricular ejection fraction (LVEF) <40%.

Patients with heart transplantation, muscular dystrophy
(i.e. Duchenne muscular dystrophy), stroke, and myocardial
infarction with percutaneous coronary intervention or revas-
cularization within at least 6 weeks prior to the study entry
were excluded. All patients provided written informed con-
sent before any study-related procedure in both centres.
The studies were approved by the local ethics committees
in both locations.
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Patients with HF of Chagas disease

Body composition and muscle strength
assessment

Dual energy X-ray absorptiometry (DXA) was performed to
measure body composition in patients from Brazil (Lunar
iDXA; GE Medical Systems Lunar, Madison, WI, USA) and
Germany (GE Medical Systems, Madison, WI, USA). An expe-
rienced technician in each location performed DXA measure-
ments. The measurements included total and regional fat
mass, bone mass, and lean body mass (LBM). Appendicular
lean mass (ALM), that is the lean mass of the arms and legs
combined, was calculated as the sum of lean mass in the up-
per and lower limbs. Sarcopenia was defined as ALM divided
by height in metres squared <7.0 kg/m? (ALM/height?) and
handgrip strength cut-off for men proposed by the European
Working Group on Sarcopenia in Older People.?

Muscle strength was assessed by handgrip dynamometer
(Jamar Hydraulic Hand Dynamometer, model JO0105 in
Brazil and Saehan Corporation Korea Hydraulic Hand Dyna-
mometer, model SH5001 in Germany), and the highest value
of three attempts was used.

Cardiopulmonary exercise test

All patients underwent a symptom-limited cardiopulmonary
exercise test in both centres, using a ramp protocol. Meta-
bolic parameters, including oxygen consumption (VO, in mL)
and carbon dioxide output (VCO, in mL), were collected by
ventilation gases on a breath-by-breath basis. The test was
considered maximal when a respiratory exchange ratio higher
than 1.10 was reached.

However, patients in Brazil were assessed on a cycle er-
gometer while patients in Germany performed the cardiopul-
monary exercise test on a treadmill. Moreover, studies have
shown a difference of 10-20% in absolute peak VO, between
cycle ergometer and treadmill performance, with the higher
values being reported in patients performing treadmill test.*®
Thus, to adjust for these differences, we corrected the peak
VO, value using data from the well-designed study by Kim
et al., which showed a mean difference of 16% in peak VO,
of patients with HF between these two modalities of exercise,
demonstrating a linear increase in peak VO, with a strong
positive correlation (r = 0.92; P < 0.001).2* Other studies
have shown similar results between these exercise modalities
in patients with HF.2>"%7

Venous occlusion plethysmography

Forearm blood flow (FBF) was measured by venous occlusion
plethysmography. Briefly, this analysis was performed by
placing a mercury-filled silastic tube around the forearm with
a distance of 5 cm from the humeral-radial joint. The silastic

was connected to a transducer that was attached to a ple-
thysmograph. In both locations, the plethysmographs used
were manufactured by the same company (Hokanson-Al-6,
USA, in Brazil, EC6, Hokanson, Inc., Bellevue, WA, in
Germany). The limb was positioned slightly elevated in rela-
tion to the heart to enable an adequate venous drainage.
Two sphygmomanometer cuffs were place around the wrist
and the arm, and the cuff placed on the wrist remained in-
flated to a suprasystolic pressure throughout the measure-
ment while the upper cuff was inflated and deflated in a
20 s interval fashion characterized by 10 s in each phase.

Laboratory measurements

Blood samples were collected in the morning from an
antecubital vein after an overnight fast. Laboratory tests in-
cluded serum sodium (mEg/L), serum potassium (mEgq/L),
fasting glucose (mg/dL), creatinine (mg/dL), haemoglobin
(g/dL), high-sensitivity C-reactive protein (hs-CRP; mg/L),
and urea (mg/dL). B-type natriuretic peptide (BNP; pg/mL)
plasma level was measured in Brazilian patients, and
N-terminal pro-B-type natriuretic peptide (NT-proBNP; ng/L)
was measured in German patients.

Statistical analysis

Descriptive data are presented as mean + standard deviation,
median with percentiles [95% confidence interval (Cl)], and
frequencies with percentages for categorical variables.
One-sample Kolmogorov-Smirnov test was performed to as-
sess the Gaussian distribution of the variables. Serum level
of hs-CRP and FBF was not normally distributed, and, thus,
Kruskal-Wallis test was used to compare the differences be-
tween the three groups (dilated cardiomyopathy, ischaemic,
and chagasic patients). Analysis of variance with Scheffe’s
post hoc analysis was performed for all continuous and para-
metric variables, whereas the XZ test was applied to compare
categorical variables between groups. Pearson’s correlation
and logistic regression analyses were used as appropriate. A
P-value lower than 0.05 was considered statistically signifi-
cant in all statistical tests. For statistical analysis, the Statisti-
cal Package for the Social Sciences version 23 for Windows
(SPSS Inc., Chicago, lllinois, USA) was used.

Results

A sample of 64 male patients with HF was analysed after
matching for BMI and NYHA class, 20 of whom had dilated
cardiomyopathy, 22 had ischaemic HF (both groups from
SICA-HF), and 22 had Chagas disease (from TESTO-HF, Table
1). Fifteen patients were identified to have sarcopenia, of
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which five patients with dilated cardiomyopathy (ALM/
height?> = 6.1 + 0.4 kg/m?), five ischaemic patients (ALM/
height? = 6.3 + 0.4 kg/m?), and five chagasic patients (ALM/
height? = 6.3 + 0.6 kg/m?). There was no statistical difference
in the distribution of sarcopenia between groups (P = 0.87).

The median value for BNP in patients with Chagas disease
was 758 pg/mL (95% Cl, 188-1007 pg/mL). The median
values for NT-proBNP in dilated cardiomyopathy and ischae-
mic patients were 976 ng/L (95% ClI, 169-3217) and
1354 ng/L (95% Cl, 880—-3775), respectively. Baseline charac-
teristics are shown in Table 1. Ischaemic patients were older
than patients with Chagas disease (67 + 9 vs. 58 + 6 years;
P = 0.01). Chagasic patients had lower height in comparison
with patients with dilated cardiomyopathy and ischaemic HF
(1.65 + 0.06 vs. 1.71 = 0.09 vs. 1.75 + 0.07 m, respectively;
P < 0.05). Body weight was lower in patients with Chagas dis-
ease than in patients with dilated cardiomyopathy
(67.8 + 13.8 vs. 84.9 + 18.5 kg; P = 0.003), whereas BMI
was higher in patients with dilated cardiomyopathy com-
pared with ischaemic and chagasic patients (28.8 + 5.1 vs.

Table 1 Baseline characteristics of all patients

Dilated

cardiomyopathy  Ischaemic  Chagasic
Variable (n = 20) (n =22) (n =22)
Age (years) 64 + 14 67 + 9t 58+6
Weight (kg) 84.9 + 18.5 77.6 = 13.267.8 = 13.8
Height (m) 1.71 £0.09  1.75 + 0.07'1.65 * 0.06
BMI (kg/mz) 28.8 £ 5.1 254 39 247 +43
NYHA (lI/111) 11/9 13/9 | 13/9
LVEF (%) 317 24 =+ 8 28 £ 7
Heart rate (b.p.m.) 66 = 11 66 = 11 69 +9
Sodium (mmol/L) 141 = 4 141 =3 139 £ 4
Potassium (mmol/ 4.4 + 0.5 45+05 45=+04
L
Glucose (mg/dL) 99 + 17 110 £48 110 =17
Creatinine (mg/dL) 1.26 = 0.58 1.37 £ 0.63 1.39 £ 0.45
Haemoglobin  (g/ 13.6 £ 2.0 133+ 1.7 136 +1.6

dL)

hs-CRP (mg/L) 3.85(1.06-7.0) 2.76 (0.95- 3.25(1.59-

3.41) 6.50)
Urea (mg/dL) 57 = 35 59 + 22 60 + 29
Medication
Beta-blocker, n (%) 20 (100) 21 (95) 22 (100)
ACE-I/ARB, n (%) 19 (95) 20 (91) 22 (100)
Diuretics, n (%) 18 (90) 17 (77) 19 (86)
Statins, n (%) 10 (50) 22 (100% 10 (45)
MRA, n (%) 2 (60) 13 (59) 15 (68)
Aspirin, n (%) 6 (30) 19 (86) 3(14)
Calcium channel 2 (10) 1 (05) 1 (05)
blocker, n (%)
Metformin, n (%) 4 (20) 1 (05) 1 (05)

ACE-l, angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor blocker; BMI, body mass index; hs-CRP, high-sensitivity
C-reactive protein; LVEF, left ventricular ejection fraction; MRA,
mineralocorticoid receptor antagonist; NYHA, New York Heart
Association.

Data are presented as mean = SD, median (with lower and upper
quartiles), or frequencies and percentages.

P < 0.05 vs. dilated cardiomyopathy.

'P < 0.05 vs. chagasic.

‘P < 0.01 vs. dilated cardiomyopathy and chagasic.

25.4 + 3.9 vs. 24.7 + 4.3 kg/m?, respectively; P = 0.049). LVEF
was reduced in ischaemic patients in comparison with dilated
cardiomyopathy patients (24 + 8 vs. 31 £ 7; P = 0.013),
whereas there was no difference in LVEF between patients
with Chagas disease and the other aetiologies. There was
no difference with regard to NYHA class, resting heart rate,
serum levels of sodium, potassium, glucose, creatinine, hs-
CRP, urea, or haemoglobin between the three groups
(Table 1).

Not surprisingly, use of statins and aspirin was higher in
ischaemic patients when compared with Chagas disease and
dilated cardiomyopathy patients (P = 0.001 and P = 0.0002,
respectively), while there was no difference in the use of
other medications (Table 1).

Body composition, functional capacity, and
handgrip strength

Body composition, functional capacity, and handgrip strength
parameters are described in Table 2. Patients with dilated
cardiomyopathy presented with higher fat mass in arms, legs,
trunk, and total in comparison with those patients with isch-
aemic HF and Chagas disease (all P < 0.05). Moreover, trunk
lean mass was lower in patients with Chagas disease than in
ischaemic HF patients (23.9 + 3.9 vs. 274 + 3.6 kg
P = 0.046), whereas total LBM showed a trend to be lower
in chagasic patients when compared with ischaemic HF

Table 2 Body composition, functional capacity, and handgrip
strength of all patients

Dilated
cardiomyopathy Ischaemic  Chagasic

Variable (n = 20) (n =22) (n =22)
Fat mass (kg) . .

Arms 23+09 1.6+07 17=10

Legs 8.2 + 3.1 5522 5537

Trunk 16.3 = 6.5 11.4+53 9258

Total 27.6 9.4 19.3+8.0° 16.3 = 8.1
Lean mass (kg)

Arms 58+ 1.6 59+1.0 58=%1.0

Legs 17.4 * 35 168 +2.6 16.0 + 3.1

Trunk 26.9 * 6.5 27.4+36' 23.9+39

Total 54.0 + 11.6 542 + 637483 + 76
Bone mass (kg)

Arms 0.4 +0.1 04+01 04=0.1

Legs 1.2+ 03" 1.2+02" 1.0x02

Trunk 0.9 +0.2" 09=+02" 0702

Total 29+06"  30x04" 26206

Peak VO, (I/  1.50 + 0.45 1.15 + 0.36 1.17 + 0.36
min)

Peak VO, (ml/  17.5+4.5 154+ 6.0 17.5 =47
kg/min)

Handgrip 36 + 147 37117 27=+38

strength (kg)

VO,, oxygen consumption.

Data are presented as mean =+ SD.

P < 0.05 vs. dilated cardiomyopathy.

'P < 0.05 vs. chagasic. Symbols in brackets denote a trend with
P < 0.10.
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patients (48.3 + 7.6 vs. 54.2 + 6.3 kg; P = 0.09). In addition,
bone mineral content in legs and trunk was lower in patients
with Chagas disease compared with ischaemic (P = 0.02 and
P = 0.02, respectively) and dilated cardiomyopathy patients
(P =0.02 and P = 0.04, respectively). Total bone mineral con-
tent was also reduced in patients with Chagas disease in com-
parison with ischaemic HF patients (2.6 £ 0.6 vs. 3.0 = 0.4 kg;
P =0.045), and there was a tendency for a similar effect also
when compared with dilated cardiomyopathy patients
(P = 0.09).

Absolute peak VO, was lower in chagasic and ischaemic HF
patients when compared with patients with dilated cardiomy-
opathy (P = 0.03 and P = 0.02, respectively), while there was
no difference for relative peak VO, among the three groups
(Table 2). In addition, handgrip strength was reduced in pa-
tients with Chagas disease as compared with those with di-
lated cardiomyopathy (P = 0.03) and ischaemic heart
disease (P = 0.02).

Pearson’s correlations and logistic regression

Forearm blood flow was reduced in patients with Chagas dis-
ease when compared with patients with ischaemic HF and di-
lated cardiomyopathy [1.68 (95% ClI, 1.37-2.11) vs. 2.75 (95%
Cl, 2.19-3.25) vs. 3.58 (95% Cl, 2.66—4.42) mL/min/100 mL,
respectively; P < 0.01; Figure 1]. On the other hand, there
was a trend towards higher FBF in patients with dilated car-
diomyopathy than in ischaemic HF patients (P = 0.056; Figure
7). In addition, FBF was positively correlated with LBM
(r=0.31; P = 0.012; Figure 2A), ALM (r = 0.25; P = 0.046; Fig-
ure 2B), and handgrip strength (r = 0.36; P = 0.004; Figure 2C).

In a univariable logistic regression analysis using absolute
peak VO, (median value >1.15 L/min) as the dependent var-
iable, haemoglobin [odds ratio (OR), 1.598; 95% Cl, 1.124—
2.273; P = 0.009], ALM (OR, 1.222; 95% Cl, 1.059-1.410;
P = 0.006), and FBF <2.61 (OR, 0.360; 95% Cl, 0.131-0.991;

P = 0.048) were associated with higher absolute peak VO,.
Furthermore, in a multivariable logistic regression analysis
using absolute peak VO, (median value >1.15 L/min) as the
dependent variable, haemoglobin (OR, 1.506; 95% ClI,
1.043-2.177; P = 0.029) and ALM (OR, 1.179; 95% ClI,
1.011-1.374; P = 0.035) were independently associated with
absolute peak VO, adjusted for age, NYHA, creatinine, LVEF,
and FBF (Table 3).

Discussion

Our study demonstrates a large overlap in clinical findings
among patients with HF due to ischaemic heart disease, idio-
pathic dilated cardiomyopathy, and Chagas disease. Meta-
bolic patterns, however, differ in patients with Chagas
disease who present with lower LBM, bone mineral content,
lower peak VO,, lower handgrip strength, and lower FBF. Pre-
dictors of peak VO, include haemoglobin and ALM. The distri-
bution of overt skeletal muscle wasting (sarcopenia) was
similar in the three groups.

Chagas disease has been described as a public health issue
in endemic countries in Latin America, and migration is
thought to cause spreading of the disease outside of its orig-
inal geographic boundaries leading to a global concern.'®*°
The clinical features of patients with Chagas disease and HF
resemble those of patients with ischaemic heart disease and
idiopathic dilated cardiomyopathy,?® making the diagnosis
and clinical management of these patients more
complicated.?? In addition, patients with Chagas disease and
HF have been commonly reported to be younger than their
counterparts with HF from other aetiologies,>** and such dif-
ference in age was also found in our sample.

Additionally, our study is the first to show reductions in
compartmental and total bone mineral content in patients
with Chagas disease compared with dilated cardiomyopathy

FIGURE 1 Forearm blood flow (FBF) in dilated cardiomyopathy, ischaemic, and chagasic patients.
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FIGURE 2 (A) Pearson’s correlation with forearm blood flow (FBF) and lean body mass (LBM). (B) Pearson’s correlation with FBF and appendicular lean

mass (ALM). (C) Pearson’s correlation with FBF and handgrip strength.
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and ischaemic HF patients. Moreover, fat mass was reduced
in chagasic and ischaemic patients, which may be a sign of
an initial state of catabolism in these patients, because loss
of fat mass preceding muscle wasting has been shown to be
a cachexia phenotype in other populations.?

Although total LBM showed a tendency to be reduced in
patients with Chagas disease compared with ischaemic HF pa-
tients, these results may be due to the small sample size in
our study. Moreover, taking the mean age difference be-
tween these groups into consideration, we can also imply
that reductions in total LBM may occur in these patients in

10 years of time, because of Chagas disease progression asso-
ciated with HF and the aging process itself. Interestingly, in an
experimental model of animals infected with T. cruzi, the
presence of the parasite in the skeletal muscle produced
acute and chronic mitochondrial dysfunction that led to per-
manent skeletal muscle alterations.?* In addition, chagasic
patients with cardiomyopathy have shown to have an impair-
ment in oxygen delivery due to abnormal muscle
microvasculature.®®

Reduced physical functioning and quality of life evaluated
by questionnaires have been documented in patients with

Table 3 Logistic regression model using absolute peak oxygen consumption (median >1.15 L/min) as the dependent variable

Univariate analysis

Multivariate analysis

Variable OR 95% CI P-value OR 95% ClI P-value
Age (per year increase) 0.976 0.931-1.023 0.307
NYHA (per class increase) 2.493 0.899-6.916 0.079
Creatinine (per 1 mg/dL increase) 0.710 0.284-1.770 0.462
Haemoglobin (per 1 g/dL increase) 1.598 1.124-2.273 0.009 1.506 1.043-2.177 0.029
LVEF (per 1% increase) 1.053 0.984-1.127 0.136
ALM (per 500 g increase) 1.222 1.059-1.410 0.006 1.179 1.011-1.374 0.035
FBF <2.61 mL/min/100 mL (present) 0.360 0.131-0.991 0.048 0.472 0.153-1.459 0.192

ALM, appendicular lean mass; Cl, confidence interval; FBF, forearm blood flow; LVEF, left ventricular ejection fraction; NYHA, New York

Heart Association; OR, odds ratio.
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Chagas disease and HF after only 1 year of follow-up, while
pharmacological care improved parameters related to quality
of life in these patients.?® In our sample, we found that hand-
grip strength, a predictor of worse outcomes in patients with
HF,%” was reduced in chagasic patients compared with both
ischaemic and dilated cardiomyopathy patients. In addition,
the impairment of muscle strength has been shown to affect
not only appendicular skeletal muscle but also respiratory
muscle in patients with Chagas disease and HF,® suggesting
that respiratory muscle weakness may influence ventilatory
parameters contributing to reduce peak VO, as we have dem-
onstrated in chagasic patients in our study.*®

Another factor that may lead to diminished functional ca-
pacity and reduced LBM is endothelial dysfunction,?® which
was shown to be present in Chagas disease patients without
HF3® and also in patients with HF regardless of aetiology.3! In
our study, patients with Chagas disease and HF showed a re-
duction in FBF compared with the other two aetiologies (Fig-
ure 1), and this decrease in peripheral blood flow was
positively correlated with muscle strength, LBM, and ALM
(Figure 2).

Furthermore, sympathetic nerve activity, which also con-
trols endothelial function, has been shown to be a hallmark
in patients with HF and is also associated with impaired VO,
during exercise in these patients.?? Some studies have shown
that patients with Chagas disease present with increased
sympathetic outflow>33* just like patients with ischaemic HF
compared with those with non-ischaemic disease.>® How-
ever, other groups have failed to find a difference in sympa-
thetic activation across different aetiologies in patients with
HF including Chagas disease.?®3” Taken together, the pro-
nounced reduction in FBF seen in chagasic patients with HF
in our study may be due to the combination of Chagas dis-
ease and HF with the involvement of peripheral mechanisms
but may also be due to an interplay between sympathetic ac-
tivation and the immune response of these patients.3®

In addition, we found that haemoglobin and ALM were in-
dependent predictors of reduced absolute peak VO,. Regard-
less of HF aetiology, anaemia has been associated with
worsening HF3® just like low ALM.*® In univariable and multi-
variable logistic regression analysis for each group separately,
only ALM in patients with dilated cardiomyopathy was inde-
pendently associated with absolute peak VO, (median value),
implying that the association seen in our results was driven
by a higher ALM of these patients (Table 3).

Therapies used in the treatment of HF in patients with
Chagas disease include standard HF medications, but also
the anti-trypanosomal drugs benznidazole and nifurtimox.
These drugs, however, seem to be of limited value in the in-
determinate phase of the infection, because clinical trials
with these pharmacological agents have shown limited toler-
ability without significant positive effects on clinical outcomes
in patients with Chagas cardiomyopathy.***? In addition, ad-
ministration of nifurtimox has been associated with side

effects that might include anorexia, digestive disorders, and
weight loss, but none of the chagasic patients in our study
were or had taken any anti-trypanosomal medication for
Chagas disease. Additionally, the statistical differences in
statin and aspirin use found in our study seem to be founded
in the aetiology of HF, once ischaemic patients are more likely
to take medication that attenuates ischaemia by improving
the progression of atherosclerosis.

Furthermore, exercise training is an important comple-
mentary therapy in the treatment of patients with HF so is
it for patients with Chagas disease. Cardiovascular rehabilita-
tion programmes have shown to improve cardiac function
and respiratory muscle strength in patients with Chagas dis-
ease and HF.*® In addition, in an experimental study in rats
that performed aerobic exercise training for 9 weeks before
inoculation of T. cruzi, exercise training has shown to reduce
exposure time to the parasite infection and attenuate cardiac
parasitism by diminishing collagen aggregation in cardiac
structures, while sedentary animals presented a more severe
progression of Chagas disease.** Moreover, exercise training
seems to enhance the host defence and improve immunolog-
ical and inflammatory markers that attenuate skeletal myosi-
tis in these patients.*

Limitations

We have to acknowledge that our study has limitations. First,
only male patients with LVEF <40% were included, so these
findings may be not applied to female patients and to pa-
tients with HF with preserved ejection fraction. Second, al-
though we tried to homogenize the sample, the number of
patients that were included in the matching analysis was lim-
ited, making the sample size small. Third, although both trials
have been prospectively conducted, follow-up was not
analysed in our study to determine if these body composition
and muscle strength alterations would lead to worse out-
comes in a long term. Finally, we cannot exclude that there
may be differences in the correction of peak VO, between cy-
cle ergometer and treadmill.

Conclusions

Patients with Chagas disease and HF have decreased fat mass
and exhibit reduced peripheral blood flow and impaired mus-
cle strength compared with ischaemic HF patients. In addi-
tion, patients with Chagas disease and HF show a tendency
to have greater reduction in total LBM, with ALM remaining
an independent predictor of reduced functional capacity in
these patients. The percentage of patients affected by
sarcopenia was equal between groups.
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