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Resumo Este estudo teve por objetivo investigar a associacao entre mecanica respiratoria e
modulacdo autonémica em pacientes com obesidade mérbida. Foram avaliados 10 individuos
com obesidade moérbida (IMC=52,9 & 11,2 kg/m?), com idade entre 23-58 anos. A avaliacdo da
mecanica respiratoria foi realizada com a técnica de oscilagdes forcadas e a funcdo autono-
mica cardiovascular por meio da variabilidade da frequéncia cardiaca (VFC). O coeficiente de
correlacao de Pearson foi utilizado para testar as associacdes entre a mecanica respiratoria e as
variaveis de VFC. Houve associacdes entre o desvio padrao de todos os intervalos RR (SDNN) e a
resisténcia de vias aéreas (Rm) (r=—0,82; p=0,004), SDNN e resisténcia do sistema respiratorio
(RO) (r=-0,79; p=0,006), raiz quadrada média das diferencas sucessivas entre intervalos RR
normais adjacentes (rMSSD) e resisténcia do sistema respiratorio (R5) (r=-0,643; p=0,0451),
rMSSD e RO (r=—0,64; p=0,047), e rMSSD e Rm (r=-0,658; p=0,039). Concluimos que a resis-
téncia de vias aéreas e do sistema respiratorio sao negativamente associadas com a atividade
parassimpatica em pacientes com obesidade mérbida.

© 2013 Sociedade Portuguesa de Pneumologia. Publicado por Elsevier Espana, S.L. Todos os
direitos reservados.

Association between respiratory mechanics and autonomic function in morbid obesity

Abstract This study aimed to investigate the association between respiratory mechanics and
autonomic modulation in morbidly obese patients. We evaluated 10 morbidly obese subjects
(BMI=52.94+11.2kg/m?), aged 23-58 years. Assessment of respiratory mechanics was done by
the forced oscillation technique (FOT), and cardiovascular autonomic function was recorded
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by heart rate variability analysis (HRV). The Pearson correlation coefficient was used to test

Heart rate the associations between respiratory mechanics and HRV variables. There were associations
variability; between the standard deviation of all RR intervals (SDNN) and airway resistance (Rm) (r = —0.82;

Morbid obesity

p=0.004), SDNN and respiratory system resistance (RO) (r=—0.79; p=0.006), root mean square

of successive differences between adjacent normal RR intervals (rMSSD) and respiratory system
resistance (R5) (r=—0.643; p=0.0451), rMSSD and RO (r=—0.64; p=0.047), and rMSSD and Rm
(r=—-0.658; p=0.039). We concluded that the airway and respiratory system resistances are
negatively associated with parasympathetic activity in patients with morbid obesity.

© 2013 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espana, S.L. All rights

reserved.

Introducao

A obesidade contribui significativamente para a
reducdo da capacidade cardiorrespiratoria, incluindo o
aumento da resisténcia das vias aéreas e do sistema respi-
ratorio, limitacdo da capacidade ventilatoria e alteracoes
na funcao autondmica cardiovascular. Estas alteracoes sao
proporcionais ao indice de massa corporal (IMC), sendo mais
evidentes em pacientes portadores de obesidade morbida'-2.

A resisténcia do sistema respiratorio e seus compo-
nentes podem ser determinados através da técnica de
oscilacoes forcadas (TOF), descrita por Dubois et al., em
1956, como um método nao invasivo para avaliacao das pro-
priedades mecanicas do sistema respiratorio em diferentes
frequéncias’®. Pacientes portadores de obesidade mérbida
apresentam também aumento da atividade simpatica e
reducéo da atividade parassimpatica“.

Uma vez que a variabilidade da frequéncia cardiaca (VFC)
é influenciada pelo controle autonémico, a avaliacao dos
intervalos RR no dominio do tempo e no dominio da frequén-
cia tem sido reconhecida como um método nao invasivo e
eficaz para avaliacdo da modulagao autondomica cardiovas-
cular em individuos obesos*> e eutroficos®.

No dominio do tempo, os chamados intervalos (RR) nor-
mais (ou seja, todos os intervalos entre os complexos QRS
adjacentes resultantes da despolarizacao nodo sinusal) ou
a frequéncia cardiaca instantanea sao determinados. Estes
intervalos RR sao processados estatisticamente a fim de
se calcular sua variabilidade’. Na analise no dominio da
frequéncia, a densidade espectral de poténcia fornece as
informagdes basicas de como a poténcia (ou seja, a varian-
cia) se distribui em funcao da frequéncia’.

Embora existam diversos estudos sobre o acoplamento
cardiopulmonar utilizando a VFC??°, ndo encontramos rela-
tos sobre a possivel associacdo entre a mecanica respiratoria
e funcao autondmica em pacientes com obesidade mor-
bida. Assim, este estudo teve como objetivo investigar a
associacdo entre a mecanica respiratoria e a modulacao
autondmica em uma amostra de pacientes com obesidade
morbida.

Métodos
Amostra

Foram avaliados 10 pacientes obesos morbidos (4 do sexo
masculino), na faixa etaria de 23-58 anos, acompanhados

pelo Programa de Cirurgia Bariatrica do Hospital Universi-
tario Clementino Fraga Filho, da Universidade Federal do
Rio de Janeiro. Foram excluidos do estudo individuos com
diagnodstico de doencas pulmonares ou cardiovasculares,
alteragoes na espirometria, fracdo de ejecao de ventriculo
esquerdo <50% e arritmias cardiacas. A espirometria e as
pressdes respiratorias maximas foram medidas de acordo
com as recomendacées da American Thoracic Society® e da
Sociedade Brasileira de Pneumologia e Tisiologia®. O projeto
foi aprovado pelo Comité de Etica em Pesquisa da instituicao
e todos os participantes assinaram um termo de consenti-
mento livre e esclarecido.

Mecaénica respiratoria

Para a avaliacdo da mecanica respiratoria foi utilizada a TOF
por meio de um oscilometro de impulso (Erich Jaeger, Hoech-
berg, Alemanha) e seus componentes. Apds a calibracao do
equipamento, os pacientes permaneceram na posicao sen-
tada, mantendo a cabeca em posicao neutra, com apoio
manual sobre as bochechas e as narinas ocluidas por um
clipe nasal. Foram coletadas 5 sequéncias de 40 segundos
de sinais respiratérios. Foi adotado como critério de aceita-
bilidade sinais de no minimo 15 segundos, sem artefatos, e
com ao menos 80% da faixa de frequéncias utilizada apre-
sentando uma funcao de coeréncia igual ou superior a 0,9.
Foram coletadas as seguintes variaveis: resisténcia em 5Hz
(R5), resisténcia extrapolada para 0Hz (R0), resisténcia em
20Hz (R20), resisténcia média (Rm), derivada da resisténcia
em funcao da frequéncia (dR/dF), reatancia inspiratoria em
5 Hz (X5 ins), reatancia expiratoria em 5 Hz (X5 exp), reatan-
cia em 5Hz (X5), frequéncia de ressonancia (f0) e integral
da reatancia entre 5Hz e fO (AX). Os 3 Gltimos parametros
podem refletir o deslocamento da curva de frequéncia vs
reatancia para a direita, o que costuma ser associado ao
aumento da resisténcia periférica ou da elastancia do sis-
tema respiratorio’®.

Funcado auton6mica

A avaliacdo da funcao autonémica cardiovascular foi reali-
zada por meio da analise da VFC no dominio do tempo e da
frequéncia. Os individuos foram instruidos a nao ingerir cha,
café, refrigerantes e/ou achocolatados por ao menos 6 horas
antes da avaliacao e para evitar a realizacao de exercicios
fisicos durante 24 horas antes do teste. A frequéncia car-
diaca (FC) foi registrada utilizando-se um frequencimetro
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polar S810 (Oulu, Kempele, Finlandia). A analise da VFC
foi realizada por meio de analise espectral das séries
temporais dos intervalos RR utilizando o software Kubios HRV
2.0 (Kupio, Savonia do Norte, Finlandia).

O espectro de poténcia foi calculado integrando-se a
funcao da densidade espectral de energia para as faixas de
alta frequéncia (HF) e de baixa frequéncia (LF). O balanco
autondmico foi definido como LF/HF’.

As variaveis «intervalo RR» e «desvio padrao de todos os
intervalos RR normais» (SDNN) foram utilizadas para refletir
a atividade simpatica. A raiz quadrada das diferencas suces-
sivas entre intervalos RR normais adjacentes ao quadrado
(rMSSD) e o percentual de intervalos RR normais que dife-
rem mais que 50 milissegundos de seu adjacente (pNN50)
indicaram a atividade parassimpatica’.

Analise estatistica

Para a analise estatistica foi utilizado o software SigmaStat
3.1 (Jandel Scientific, San Rafael, CA, EUA). Como os dados
apresentaram distribuicao normal (avaliada pelo teste de
Shapiro-Wilk), as associacdes entre a mecanica respiratoria
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Figura 1

e as variaveis da VFC foram testadas com o coeficiente de
correlacao de Pearson. O nivel de significancia foi estabele-
cido em 5%.

Resultados

Foram avaliados 10 pacientes com média de idade de
41,6 +10,7 anos. Os componentes da amostra apre-
sentavam IMC=52,9 +11,2kg/m?, peso=157,54+32,3kg e
altura=1,72+0,08 m. A funcao pulmonar dos sujeitos esta
descrita na tabela 1. Houve correlacées positivas entre as
variaveis antropométricas e da mecanica respiratoria: RO e
IMC (r=0,65; p=0,04), Rm e altura (r=-0,71; p=0,019), R5
ealtura (r=-0,67; p=0,032), X5e IMC (r=-0,66; p=0,032),
AX e IMC (r=0,63; p=0,046), X5 ins e altura (r=0,73;
p=0,015), X5 exp e peso (r=-0,71, p=0,021). Nenhuma
das variaveis de funcao autondmica apresentou correlacao
com a idade, peso e IMC. Houve associacoes entre SDNN e
Rm (r=-0,82; p=0,004), SDNN e RO (r=-0,79; p=0,006),
rMSSD e R5 (r=-0,6426; p=0,0451), rMSSD e RO (r=-0,64;
p=0,047), e rMSSD e Rm (r=-0,6575; p=0,0388) (fig. 1).
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- . . 0 aumento da resisténcia das vias aéreas e do sis-
Tabela 1 Funcao pulmonar dos pacientes com obesidade P . . :
mérbida tema respiratorio esta associado negativamente com a
atividade parassimpatica em pacientes com obesidade mor-
Variaveis Média + Desvio padrao (n=10) bida.
CVF (% pred) 78,7 +£ 12,3
VEF; (% pred) 80,5 &+ 10,2 Responsabilidades éticas
VEF,/CVF (%) 103,4 + 7,9
VVM (% pred) 125,8 &+ 22,9 Protecdo dos seres humanos e animais. Os autores decla-
Plmax (% pred) 94,5 £ 26,8 ram que os procedimentos seguidos estavam de acordo com
PEmax (% pred) 93,9 £123,6 os regulamentos estabelecidos pelos responsaveis da Comis-

CVF: capacidade vital forcada; PE;,: pressao expiratoria
maxima; Plsy: pressao inspiratéria maxima; VEF;: volume expi-
ratorio forcado no primeiro segundo; VVM: ventilagao voluntaria
maxima. Os valores preditos estao de acordo com equacdes para
populacdo brasileira, descritas por Pereira'’ (espirometria) e
Neder'? (pressdes respiratorias maximas).

Discussao

Nossos resultados estao de acordo com os descritos por
Zerah et al."", que em um estudo transversal utilizando a
FOT demonstrou associacdo entre as resisténcias de vias
aéreas e do sistema respiratorio com o IMC em pacientes
com obesidade mérbida. Uma vez que pacientes mais obe-
sos apresentam maior resisténcia periférica e/ou elastancia
do sistema respiratério’>'", a associacdo entre IMC e os
parametros de reatancia (AX e X5) encontrados em nosso
estudo eram resultados esperados. Por outro lado, nao houve
associacao entre R20, que esta associado com a resisténcia
das vias aéreas centrais e qualquer outra variavel antropo-
métrica ou autonémica. A associacao entre X5 ins e a altura
pode ser explicada pela proporcionalidade entre a reatancia
capacitiva e o tamanho do pulmao'®.

De forma mais importante, encontramos correlacées
entre a mecanica respiratoria e variaveis de modulacao
autondmica. Os nossos resultados demonstraram que os
aumentos da resisténcia de vias aéreas (Rm) e da resis-
téncia total do sistema respiratorio (R5 e RO) estao
associados a reducao na atividade parassimpatica (rMSSD e
SDNN).

Em repouso, a frequéncia cardiaca aumenta na inspiragao
e diminui na expiracao. Esta variacdo, que também depende
do volume corrente, é denominada arritmia sinusal respira-
toria e resulta de uma resposta bifasica vagal durante o ciclo
respiratorio’?. As resisténcias de vias aéreas e do sistema
respiratorio aumentadas, além da reducdo da capacidade
pulmonar total faz com que os pacientes obesos tenham
que adotar frequéncias respiratorias maiores e volumes cor-
rentes menores’. Apesar de nao possuirmos dados sobre o
padrao respiratorio de nossos pacientes, é provavel que as
alteracées na mecanica respiratoria provocado uma maior
frequéncia respiratéria, aumentando assim o nimero de
arritmias sinusais respiratorias'?. Além disto, o aumento da
descarga adrenérgica para superar a carga respiratoria
adicional encontrada em pacientes obesos pode ter desem-
penhado um papel importante nos resultados da modulacao
autondmica observada em nosso estudo. Novos estudos
com um maior tamanho amostral devem avaliar a relacao
entre a mecanica respiratoria, a modulacao autondémica,
0 padrao respiratorio e o estimulo neuromuscular venti-
latorio em individuos eutroficos e obesos. Em concluséo,

s&o de Investigacdo Clinica e Etica e de acordo com os da
Associacao Médica Mundial e da Declaracao de Helsinki.

Confidencialidade dos dados. Os autores declaram ter
seguido os protocolos de seu centro de trabalho acerca da
publicacao dos dados de pacientes e que todos os pacien-
tes incluidos no estudo receberam informacgdes suficientes
e deram o seu consentimento informado por escrito para
participar nesse estudo.

Direito a privacidade e consentimento escrito. Os autores
declaram ter recebido consentimento escrito dos pacientes
e/ou sujeitos mencionados no artigo. O autor para corres-
pondéncia deve estar na posse deste documento.

Financiamento

Este estudo foi apoiado pelo Programa de Apoio a Nicleos de
Exceléncia (PRONEX-FAPERJ), Conselho Nacional de Desen-
volvimento Cientifico e Tecnoldgico (CNPq), Financiadora de
Estudos e Projetos (FINEP) e Fundacao de Amparo a Pesquisa
do Estado do Rio de Janeiro (FAPERJ).

Conflito de interesses

Os autores declaram nao haver conflito de interesses.

Bibliografia

1. Naimark A, Cherniack RM. Compliance of the respiratory sys-
tem and its components in health and obesity. J Appl Physiol.
1960;15:377-82.

2. Salome CM, King GG, Berend N. Physiology of obesity and effects
on lung function. J Appl Physiol. 2010;108:206-11.

3. Dellaca RL, Duffy N, Pompilio PP, Aliverti A, Koulouris NG,
Pedotti A, et al. Expiratory flow limitation detected by for-
ced oscillation and negative expiratory pressure. Eur Respir J.
2007;29:363-74.

4. Davy KP, Orr JS. Sympathetic nervous system behavior
in human obesity. Neuroscience and biobehavioral reviews.
2009;33:116-24.

5. Sztajzel J, Golay A, Makoundou V, Lehmann TN, Barthassat V,
Sievert K, et al. Impact of body fat mass extent on cardiac auto-
nomic alterations in women. Eur J Clin Invest. 2009;39:649-56.

6. Kleiger RE, Stein PK, Bosner MS, Rottman JN. Time domain
measurements of heart rate variability. Cardiology clinics.
1992;10:487-98.

7. Heart rate variability: Standards of measurement, physiologi-
cal interpretation and clinical use. Task Force of the European
Society of Cardiology and the North American Society of Pacing
and Electrophysiology. Circulation. 1996;93:1043-65.


http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0005
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0010
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0015
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0020
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0025
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0030
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0035

pocumento aescarregadao ae ntp.//nup.//www.elsevier.pt el Uo/Uz/ZU14. LOopla para uso pessoal, esla tolaimente proidida a transmissao deste aocumento por quaiquer meio ou iorma.

Associacdo entre a mecanica respiratoria e funcao autonémica na obesidade morbida 35

8. American Thoracic, Society., Standardization of, Spirometry. 11. Zerah F, Harf A. Effects of obesity on respiratory resistence.
Am J Respir Crit Care Med. 1995;152:1107-36. Chest. 1993;103:1470-6.

9. Sociedade Brasileira de Pneumologia e Tisiologia. Diretri- 12. Neff RA, Wang J, Baxi S, Evans C, Mendelowitz D. Respi-
zes para testes de funcao pulmonar. J Bras Pneumol. ratory sinus arrhythmia: Endogenous activation of nicotinic
2002;28:1-238. receptors mediates respiratory modulation of brainstem car-

10. Oostveen E, MacLeod D, Lorino H, Farre R, Hantos Z, Desager K, dioinhibitory parasympathetic neurons. Circ Res. 2003;93:

et al. The forced oscillation technique in clinical practice:
methodology, recommendations and future developments. Eur
Respir J. 2003;22:1026-41.

565-72.


http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0040
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0045
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0050
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0055
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0055
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0055
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0055
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0055
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0055
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0055
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0055
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0055
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0055
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0055
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0055
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0055
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0055
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0055
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0055
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0055
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060
http://refhub.elsevier.com/S0873-2159(13)00108-6/sbref0060

