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RESUMO 
 
 
Introdução: A força muscular inspiratória tem sido tradicionalmente avaliada pela 
pressão inspiratória máxima (PImáx). A pressão inspiratória nasal (sniff nasal 
inspiratory pressure [SNIP]) é uma alternativa viável ao uso da PImáx e é 
considerada um preditor de mortalidade em pacientes com doença pulmonar 
obstrutiva crônica (DPOC). No entanto, a relação da SNIP com índices 
multidimensionais preditores de mortalidade como o Body mass index, airflow 
Obstruction, Dyspnea and Exercise capacity (BODE) ainda não foi investigada. 
Objetivo: Investigar a relação entre a SNIP e o índice BODE em pacientes com 
DPOC, bem como, investigar a capacidade de diferentes pontos de corte da SNIP 
em prever um índice BODE ≥ 5 (ou seja, pior gravidade da doença). Métodos: Trinta 
e oito pacientes com DPOC (21 homens, 66 ± 8 anos, com volume expiratório 
forçado no primeiro segundo (VEF1) de 42 ± 16% do previsto) foram submetidos a 
avaliações da SNIP, espirometria, grau de limitação devido à dispneia na vida diária 
(Medical Research Council - MRC) e a capacidade de exercício por meio do teste de 
caminhada de 6 minutos (TC6min). O índice BODE foi calculado e os pacientes 
foram subdivididos em dois grupos de acordo com os quartis do BODE (1 e 2 ou 3 e 
4). Resultados: Os pacientes dos quartis 3 e 4 apresentaram menores valores da 
SNIP do que os pacientes dos quartis 1 e 2 (73±18 cmH2O vs 56±21 cmH2O, 
respectivamente, P=0,01). Houve correlação significativa e negativa entre a SNIP e 
o índice BODE (r = -0,62, P <0,001). Um modelo de regressão logística revelou que 
o ponto de corte da SNIP de 63 cmH2O apresentou maior especificidade e 
sensibilidade (67% e 70% , respectivamente) para a previsão de uma pontuação 
equivalente aos quartis 3 ou 4 do índice BODE. Conclusão: Em pacientes com 
DPOC a SNIP é moderadamente e significativamente relacionada com a gravidade 
da doença avaliada pelo índice BODE. Além disso, o ponto de corte de 63 cmH2O 
apresentou a melhor combinação de sensibilidade e especificidade para predizer 
uma pontuação mais alta (i.e., mais grave) no índice BODE.  
 
Palavras-chave: Doença pulmonar obstrutiva crônica. Força muscular. Índices.  
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ABSTRACT 
 
 
Introduction: Inspiratory muscle force has been traditionally assessed by maximal 
inspiratory pressure (MIP). The sniff nasal inspiratory pressure [SNIP] is an 
alternative to the MIP, and it is considered a predictor of mortality in patients with 
chronic obstructive pulmonary disease (COPD). However, the relationship of SNIP 
with multidimensional indexes which predict mortality in patients with COPD such as 
the Body mass index, airflow Obstruction, Dyspnea and Exercise capacity (BODE) 
index has not been investigated yet. The aims of this study were to investigate the 
relationship between sniff nasal inspiratory pressure (SNIP) and severity of chronic 
obstructive pulmonary disease (COPD) as defined by the BODE index; and to 
investigate the capacity of different SNIP cutoffs to predict a BODE index score ≥ 5 
(i.e worse disease severity). Methods: Thirty-eight subjects with COPD (21 men, 
66±8 years, forced expiratory volume in the first second (FEV1) 42±16% predicted) 
underwent assessments of SNIP, airflow limitation, body mass index (BMI), dyspnea 
(Medical Research Council scale, MRC) and exercise capacity (6-minute walking 
test, 6MWT). The BODE index was calculated and patients were separated into two 
groups according to the BODE quartiles (1 and 2, or 3 and 4). Results: Patients from 
quartiles 3 and 4 presented lower values of SNIP than patients from quartiles 1 and 2 
(73±18 cmH2O vs 56±21 cmH2O, respectively; P=0.01). There was significant and 
negative correlation between SNIP and the BODE index (r=-0.62; P<0.001). A 
logistic regression model revealed that a SNIP value below 63 cmH2O presented 
higher sensitivity and specificity (70% and 67%, respectively) for predicting a BODE 
score equivalent to quartiles 3 or 4. Conclusion: SNIP is moderately and significantly 
related to COPD severity as assessed by the BODE index. Moreover, the cutoff point 
of 63 cmH2O showed the best combination of sensitivity and specificity for predicting 
worse scores in the BODE index.  
 
Keywords: Chronic obstructive pulmonary disease. Muscle strength. Indexes.  
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1 INTRODUÇÃO 

 

A gravidade da doença pulmonar obstrutiva crônica (DPOC) tem sido 

classicamente definida pelo grau de obstrução ao fluxo aéreo, que é avaliado 

pelo volume de ar expirado no primeiro segundo durante um esforço forçado e 

após o uso de medicação broncodilatadora[1]. Porém, sabendo-se dos efeitos 

sistêmicos provocados pela DPOC, é clara a necessidade de se levar em 

consideração as suas consequências gerais na avaliação da gravidade da 

doença. 

Visando considerar os componentes sistêmicos da DPOC, índices 

multidimensionais como o Body mass index, airflow Obstruction, Dyspnea and 

Exercise capacity (BODE) vêm sendo desenvolvidos[2]. O índice BODE inclui a 

avaliação da massa corpórea, do grau de obstrução ao fluxo aéreo, da dispneia 

e da capacidade de exercício, e gera uma pontuação final que, quanto maior, 

indica maior gravidade da doença e maior chance de mortalidade[2]. Novas 

abordagens para o índice BODE foram recentemente publicadas, apresentando 

também boa capacidade de predição de mortalidade em pacientes com DPOC, 

como o BODE atualizado (BODEa), versão modificada da pontuação do BODE 

original, e o Age, Dyspnoea and airflow Obstruction (ADO), um índice mais 

simples voltado principalmente para a aplicação na atenção primária[3]. 

Em 2005, Casanova et al.[4] verificaram que a hiperinsuflação 

pulmonar estática, medida pela relação entre a capacidade inspiratória e a 

capacidade pulmonar total (CI/CPT), mostrou-se um bom preditor de 

mortalidade geral e por problemas respiratórios numa coorte de 689 pacientes 

com DPOC, independentemente do índice BODE. Já Moore e 
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colaboradores[5], mais recentemente em um estudo retrospectivo e com uma 

amostra consideralmente menor (110 indivíduos com DPOC), também 

verificaram que a relação CI/CPT é um bom preditor de mortalidade. No 

entanto, a capacidade de predição de tal índice foi inferior a outro desfecho 

avaliado por esses autores, a pressão inspiratória nasal medida pela ação de 

fungar (sniff nasal inspiratory pressure [SNIP]). Esses autores não avaliaram o 

índice BODE ou índices semelhantes. 

A SNIP é uma medida da força dos músculos inspiratórios simples, 

rápida e de baixo custo, e que apresenta melhor correlação com a medida 

esofágica da força muscular inspiratória se comparada à medida da pressão 

inspiratória máxima (PImax) pela boca[6].  

Tendo em vista os apectos citados relacionados à SNIP, buscamos na 

literatura artigos que estudassem a sua relação com índices considerados bons 

preditores de mortalidade e de fácil acesso em ambientes de pesquisa e clínico 

em pacientes com DPOC, como o BODE[2] e suas variantes (BODEa e 

ADO)[3]. Foi encontrado apenas um estudo chinês publicado recetemente[7] 

que avalia a relação da SNIP com o índice BODE, porém essa relação não foi 

estudada em profundidade visto que o estudo visava estudar principalmente  a 

técnica de estimulação frênica. Além disso, foram incluídas apenas 16% de 

mulheres, o que não corresponde à população típica de pacientes com DPOC, 

que é estimada em 40-50% em países latinos. No Brasil a porcentagem de 

mulheres com DPOC é em média 50%, segundo recente artigo publicado por 

Lopez e colaboradores[8]. Adicionalmente, os resultados não foram descritos 

em % dos valores preditos, mas apenas em valores absolutos, o que não 

permite relativizar para as características antropométricas. Portanto, essa 
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questão ainda é pouco conhecida e merece ser investigada. Nós hipotetizamos 

que existe relação entre a SNIP, já considerada bom preditor de mortalidade 

em DPOC, e o índice de mortalidade já consagrado na literatura para esta 

população, o BODE.  

Com base nessa hipótese, desenvolvemos um estudo transversal que teve 

como objetivo investigar a relação entre a SNIP e o índice BODE (e suas 

variações) em pacientes com DPOC; e, além disso, investigar a capacidade de 

diferentes pontos de corte para a SNIP prever maior gravidade da doença 

(BODE ≥ 5).  
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2   REVISÃO DA LITERATURA – CONTEXTUALIZAÇÃO 

 

2.1  Doença Pulmonar Obstrutiva Crônica  

 

 A doença pulmonar obstrutiva crônica (DPOC) é classicamente definida 

como “uma doença prevenível e tratável, caracterizada por obstrução ao fluxo 

aéreo persistente, que é usualmente progressiva e associada a uma resposta 

inflamatória crônica anormal nas vias aéreas e nos pulmões a partículas 

nocivas ou gases”[1]. A DPOC foi a sexta causa de morte mais comum no 

mundo em 1990, prevendo-se que em 2030 seja a terceira[9]; nos países 

desenvolvidos já está em quarto lugar[10], com aproximadamente três milhões 

de mortes por ano, o que se traduz em 5% do total anual de mortes. A 

prevalência da DPOC na população geral aumenta substancialmente com a 

idade, especialmente nos indivíduos com mais de 40 anos[11]. O tabagismo 

continua sendo o fator de risco mais importante para o desenvolvimento da 

doença, e em torno de 10% a 15% dos fumantes são diagnosticados com 

DPOC[8]. Apesar disso, é aceito na literatura que a DPOC continua largamente 

subdiagnosticada[12].  

Além dos sintomas respiratórios de dispneia, tosse, sibilância, produção 

de secreção e infecções respiratórias de repetição, pacientes com DPOC 

frequentemente apresentam também consequências sistêmicas como o 

descondicionamento físico, fraqueza muscular, perda de peso, desnutrição, 

ansiedade, depressão e isolamento social[13,14]. Todos esses fatores 

contribuem para a piora do estado de saúde dos pacientes com DPOC, sendo 
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uma doença com altas taxas de morbimortalidade e um importante problema 

de saúde púbica mundial.   

 

2.2  Doença Pulmonar Obstrutiva Crônica e Força Muscular 

Respiratória 

 

 Pacientes com DPOC frequentemente apresentam redução na força dos 

músculos respiratórios. A ocorrência dessa redução vem sendo atribuída, 

principalmente, a fatores como a desvantagem mecânica dos músculos 

respiratórios, a disfunção muscular generalizada enquanto repercussão 

sistêmica da doença, o uso sistêmico de corticosteróides e a idade[15-17].  

 A limitação ao fluxo aéreo leva ao aprisionamento aéreo, característica 

da doença, que por sua vez, leva a alterações na conformação da caixa 

torácica e se traduz em desvantagem mecânica dos músculos respiratórios 

(principalmente inspiratórios), ocasionando redução da sua força[15]. O 

consenso da American Thoracic Society e European Respiratory Society[18] 

sobre a avaliação da força muscular respiratória sugere que, no paciente com 

DPOC estável, uma redução na força muscular inspiratória parece refletir 

preferencialmente um encurtamento das fibras musculares inspiratórias e um 

aumento do volume residual (VR) pulmonar do que uma redução na força 

muscular propriamente dita, embora alguns estudos não tenham verificado 

correlação significativa entre a força dos músculos respiratórios e o VR[16,17].  

Esse aprisionamento aéreo leva à hiperinsuflação pulmonar estática, que é 

uma alteração comum em pacientes com DPOC, levando à redução do volume 
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pulmonar funcionante[5,19]. Portanto, com base na literatura, existe uma íntima 

relação entre a hiperinsuflação pulmonar e a força muscular respiratória.  

 A mensuração da força dos músculos respiratórios em pacientes com 

DPOC se constitui atualmente em um importante recurso de avaliação. A força 

dos músculos respiratórios pode ser avaliada de diferentes maneiras, desde 

métodos mais complexos como o catéter com balão intraesofágico e a 

estimulação frênica, até métodos mais simples como a pressão inspiratória (ou 

Pimax, por meio de um manovacuômetro acoplado à boca) e a Sniff Nasal 

Inspiratory Pressure (ou SNIP, por meio de um plug acoplado ao nariz)[18].   

 

2.3  Doença Pulmonar Obstrutiva Crônica e Sniff Nasal Inspiratory 

Pressure 

 

 A avaliação da pressão inspiratória nasal (Sniff Nasal Inspiratory 

Pressure [SNIP]) vem sendo cada vez mais utilizada em pesquisas e na prática 

clínica[6,20,21]. A SNIP tem sido utilizada, principalmente, para a avaliação da 

força muscular respiratória e representa a pressão inspiratória atingida por 

meio de uma inspiração máxima a partir da capacidade residual funcional 

(CRF), que é transmitida por conexão via fossa nasal, ou seja, uma inspiração 

máxima durante o ato de fungar[22]. Estudos prévios já demonstraram que 

para a avaliação dessa variável, o tipo de ativação dos músculos respiratórios, 

a interface entre o indivíduo avaliado e o equipamento, o aprendizado e a 

realização são mais simples do que durante a avaliação da PImax [18,23], 

tradicionalmente utilizada para a avaliação da força muscular inspiratória. Além 
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disso, a SNIP tem se mostrado um índice complementar à PImax na avaliação 

de fraqueza muscular inspiratória[24,25].  

 Em pacientes com DPOC, a medida da SNIP foi descrita pela 

primeira vez em 1997 por Uldry e colaboradores[6]. Mais recentemente, Moore 

et al.[5] verificaram que a SNIP pode ser considerada também um importante 

preditor de mortalidade nessa população, até melhor do que a relação entre a 

Capacidade Inspiratória (CI) e a Capacidade Pulmonar Total (CPT) (CI/CPT), 

uma medida de hiperinsuflação estática. Esses autores acreditam que a SNIP é 

um bom preditor de mortalidade por também sofrer influências da 

hiperinsuflação pulmonar, e não somente dos fatores relacionados aos 

músculos inspiratórios. Além disso, trata-se de um instrumento facilmente 

aplicável na prática clínica, e caso haja relação entre esse instrumento e 

índices já consagrados na literatura, como o índice BODE, poderemos 

identificar pacientes de risco que precisam de tratamento especializado já no 

primeiro momento da avaliação. Além disso, a identificação de instrumentos 

simples, de baixo custo e acessíveis que possam predizer o risco de 

mortalidade pela doença é atualmente um ponto de importância vital, visto o 

grande problema de saúde pública que é a DPOC[26]. Porém, a medida da 

SNIP, apesar das vantagens em relação a outras medidas que tem o mesmo 

objetivo, tem sido pouco investigada na literatura.  

 

2.4  Doença Pulmonar Obstrutiva Crônica e Índice BODE 

 

Ao se abordar a DPOC como uma doença sistêmica, tornou-se 

necessária a criação de um índice global para sua classificação. O índice 
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BODE (Body Mass-Index, Airflow Obstruction, Dyspnea and Exercise Capacity) 

foi criado com este objetivo[2]. É um sistema multigraduado utilizado 

primariamente como preditor do risco de mortalidade em pacientes com 

DPOC[2]. Entretanto, este índice também tem sido amplamente utilizado pela 

comunidade científica na determinação do risco de hospitalizações por 

exacerbação[27] e como preditor de resposta a programas de reabilitação 

pulmonar[28].   

O índice BODE[2] de cada indivíduo é calculado com base na 

combinação de quatro variáveis, com as seguintes pontuações: uma medida de 

composição corporal, o índice de massa corpórea (IMC), ou seja, 

peso/(estatura)2, de 0 a 1 ponto; uma medida do grau de obstrução ao fluxo 

aéreo (volume expiratório forçado no primeiro segundo [VEF1] pós-

broncodilatador, expresso em porcentagem do valor previsto), de 0 a 3 pontos; 

uma medida da sensação subjetiva de dispneia, avaliada pela escala do 

Medical Research Council (MRC), de 0 a 3 pontos; e uma medida da 

capacidade de exercício (distância percorrida no teste de caminhada de seis 

minutos (TC6min), de 0 a 3 pontos. Portanto, a pontuação final do índice BODE 

varia de 0 a 10 pontos, sendo que quanto maior o valor do índice, pior a 

condição do paciente.  

O índice BODE atualizado (BODEa)[3] segue a mesma combinação de 

variáveis do BODE, apresentando mudanças somente em relação à pontuação 

de duas medidas: grau de obstrução ao fluxo aéreo, onde as pontuações 1 e 2 

foram combinadas para simplificação, passando a ser então de 0 a 2 pontos; e 

capacidade de exercício, onde a pontuação passou a variar de 0 a 9, ao invés 

de 0 a 3 pontos como no BODE tradicional. Logo, a pontuação final deste 
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índice atualizado pode variar de 0 a 15 pontos[3], sendo que quanto maior o 

valor do índice, pior a condição do paciente. 

O índice ADO[3], criado pelos autores para ser um índice mais simples, 

é utilizado principalmente na assistência primária ao paciente com DPOC. Ele 

foi calculado com base na combinação de três variáveis, com as respectivas 

pontuações: idade, de 0 a 5 pontos; dispneia (pela escala do MRC), de 0 a 3 

pontos; e VEF1 pós-broncodilatador em porcentagem do previsto, de 0 a 2 

pontos. A pontuação final do índice ADO varia de 0 a 10 pontos, sendo que 

quanto maior o valor do índice, pior a condição do paciente.  

Esses índices multidimensionais têm sido amplamente utilizados na 

literatura científica, especialmente pelo caráter sistêmico da DPOC.  
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Abstract 

 

Purpose: The aims of this study were to investigate the relationship between 

sniff nasal inspiratory pressure (SNIP) and severity of chronic obstructive 

pulmonary disease (COPD) as defined by the BODE index; and to investigate 

the capacity of different SNIP cutoffs to predict a BODE index score ≥ 5 (i.e 

worse disease severity). Methods: Thirty-eight subjects with COPD (21 men, 

66±8 years, forced expiratory volume in the first second (FEV1) 42±16% 

predicted) underwent assessments of SNIP, airflow limitation, body mass index 

(BMI), dyspnea (Medical Research Council scale, MRC) and exercise capacity 

(6-minute walking test, 6MWT). The BODE index was calculated and patients 

were separated into two groups according to the BODE quartiles (1 and 2, or 3 

and 4). Results: Patients from quartiles 3 and 4 presented lower values of 

SNIP than patients from quartiles 1 and 2 (73±18 cmH2O vs 56±21 cmH2O, 

respectively; P=0.01). There was significant and negative correlation between 

SNIP and the BODE index (r=-0.62; P<0.001). A logistic regression model 

revealed that a SNIP value below 63 cmH2O presented higher sensitivity and 

specificity (70% and 67%, respectively) for predicting a BODE score equivalent 

to quartiles 3 or 4. Conclusion: SNIP is moderately and significantly related to 

COPD severity as assessed by the BODE index. Moreover, the cutoff point of 

63 cmH2O showed the best combination of sensitivity and specificity for 

predicting worse scores in the BODE index. 

 
Key words: Pulmonary Disease; Chronic Obstructive; Sniff  Nasal Inspiratory 

Pressure; Muscle strength; Indexes.  
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INTRODUCTION  

 

The severity of chronic obstructive pulmonary disease (COPD) has been 

classically defined by the degree of airflow limitation, evaluated by the forced 

expiratory volume in the first second (FEV1)[1]. The systemic effects caused by 

the disease are well established and should be taken into account when 

assessing disease severity. Regarding the systemic components of COPD, 

multidimensional indexes such as the Body mass index (BMI), airflow 

Obstruction, Dyspnea and Exercise capacity (BODE) index have been 

developed and shown to be related to mortality and disease severity in COPD 

patients[2]. Modified versions of the BODE have been suggested by Puhan and 

colleagues[3] who proposed a calibrated version of the original index which is 

referred to as the updated BODE. The authors also investigated a simplified 

index for use in primary-care settings, the ADO index (age, dyspnea and airflow 

obstruction)[3]. Both indexes showed good capacity to predict mortality in 

COPD[3].   

Recently, Moore and colleagues[4] found that the sniff nasal inspiratory 

pressure [SNIP], a measure of inspiratory muscle strength, was also able to 

predict mortality in patients with COPD. SNIP is considered as an alternative 

and complementary method to the more widely known maximal inspiratory 

pressure (MIP). SNIP has been shown to be a useful, simple and instinctive 

maneuver, easier to perform and better correlated with the sniff esophageal 

pressure than the MIP [5,6].  

Despite its usefulness, there is little knowledge regarding the 

relationship between SNIP and established severity indexes such as the BODE. 
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A study by Ju and colleagues aimed at investigating the relationship between 

COPD severity and non-volitional (phrenic nerve stimulation) and volitional (MIP 

and SNIP) techniques of respiratory muscle assessment[7]. Volitional tests 

provide an estimate of inspiratory or expiratory muscle strength, are simple to 

perform, and are well tolerated by patients, taking into account the usual 

limitations involving patients’ understanding and cooperation. Non-volitional 

methods such as phrenic nerve stimulation are specific for the diaphragm, are 

not influenced by the central nervous system and overcome, at least in part, the 

limitations of volitional maneuvers. However, non-volitional methods are not 

commonly performed due to the higher costs, discomfort and technical 

difficulties involving supramaximal electrical nerve stimulation, especially when 

repeated measurements or high stimulation frequencies are required[8]. Results 

of the abovementioned study by Ju et al.[7] suggested that non-volitional tests 

more accurately reflect the overall COPD severity than MIP and SNIP. 

However, although the authors report a significant correlation between MIP and 

SNIP with the BODE index, they did not explore these volitional techniques in 

depth since their focus was the phrenic nerve stimulation[7]. Despite the relative 

lack of available information on  this topic in the literature.  our hypothesis is that 

this study will confirm the relationship between SNIP and the BODE index, 

besides showing a correlation of SNIP also with the updated BODE and ADO 

indexes[3]. 

Taking these facts into account, the aims of this study were to 

investigate the relationship between SNIP and the BODE index (and its 

alternatives) in patients with COPD; and to investigate the capacity of different 

SNIP cutoffs to predict a BODE index score ≥ 5 (i.e worse disease severity).   
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METHODS 

 

In this quantitative and cross-sectional study, patients with COPD were 

recruited during their initial assessment before entering a pulmonary 

rehabilitation program at the University Hospital of the State University of 

Londrina, Brazil. The inclusion criteria were: COPD diagnosed according to the 

Global Initiative for Chronic Obstructive Lung Disease (GOLD)[1]; clinical 

stability, i.e., absence of exacerbations/infections at least three months before 

the study; absence of severe comorbidities and/or disabilities which could 

interfere in the assessments; no regular exercise training in the last year and; 

absence of nasal obstruction, previous nasal surgery and/or nasal septum 

deviation. The exclusion criteria were the contra-indication to any of the 

assessments; inability to perform any of the proposed tests; or withdrawn 

written informed consent. None of the 38 patients fulfilled any of the exclusion 

criteria, and therefore there were no exclusions.  

     

Sniff nasal inspiratory pressure (SNIP) 

The assessment of SNIP was performed according to the protocol 

described by Uldry et al[5,6]. The digital manovacuometer MVD300 

(Globalmed, Porto Alegre, Brazil) was connected by a catheter to a nasal plug 

occluding one of the nostrils, with the other nostril unoccluded to perform the 

sniff maneuver. Patients decided the nostril to be occluded. During the 

maneuver, patients remained sitting (approximately 90° of knee and hip flexion 

with back support) and were instructed to perform a maximum and fast 

inspiratory effort after a normal expiration. The maneuver was repeated at least 
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10 times (adequately performed and without artifacts) until the patient 

performed at least two reproducible maneuvers with a maximum difference of 

5% between the two highest values. The highest value was used for analysis. 

Brazilian reference values were used[9].  

 

BODE index, updated BODE index, ADO index 

The BODE index was calculated based on the following variables: 

BMI[10]  (as weight per squared height), from 0 to 1 point; post-bronchodilator 

FEV1, in percentage of predicted[11,12], from 0 to 3 points; subjective dyspnea 

sensation evaluated by the Medical Research Council (MRC)[13] , from 0 to 3 

points; and exercise capacity (walking distance in the 6-min walk test 

[6MWT])[14,15], from 0 to 3 points. The final score of the BODE index ranges 

from 0 to 10 points, with higher scores meaning worse condition/risk of death. 

For analysis purposes, scores were separated into four quartiles according to 

their final score in the BODE index[2]: quartile 1 - from 0 to 2 points; quartile 2 - 

from 3 to 4 points; quartile 3 - from 5 to 6 points and; quartile 4 - from 7 to 10 

points.   

The updated BODE[3] index was also analyzed, using the same 

combination of variables described in the original BODE index, however 

changing the distribution of points assigned to: FEV1, from 0 to 2 points; and 

6MWT, from 0 to 9 points. Consequently, the final score varies from 0 to 15 

points. The authors did not present the scores separated in quartiles[3].  

 The ADO index[3] was calculated based on the combination of three 

variables: age, from 0 to 5 points; dyspnea (MRC scale), from 0 to 3 points; and 



30 

 

FEV1, from 0 to 2 points. The final score varies from 0 to 10 points. The authors 

also did not separate the scores in quartiles[3].  

 

Statistical Analyses  

Categorical variables were described as absolute and/or relative 

frequencies, while continuous variables were tested by the Shapiro-Wilk test 

and presented as mean ± standard deviation when normally distributed or 

median (25%-75% interquartile range) when non-normally distributed. To 

compare the groups, Student’s t or Mann-Whitney tests were used, depending 

on normality of data distribution. One way ANOVA with Tukey’s post hoc test 

was used to compare SNIP in different GOLD stages. Correlations were tested 

by the Pearson or Spearman coefficients. A logistic regression model was built 

to investigate the capacity of SNIP to predict a BODE score ≥ 5 points (i.e., 

quartiles 3-4). Three cutoff points of SNIP were investigated: 43 cmH2O, 63 

cmH2O and 83 cmH2O, which were previously defined and used by Moore et 

al[4]. Values of sensitivity, specificity, positive and negative predicted value 

were presented for each cutoff point. The level of statistical significance was 

considered as P<0.05 and all analyses were performed using the Statistical 

Package of Social Science (SPSS) 17.0 (SPSS Inc., Chicago, IL, USA) or the 

GraphPad Prism 5 (GraphPad Software Inc., La Jolla, California, USA). 

The Power and Sample Size program was used to calculate the study 

power using a t-test for independent variables. A sample of 18 subjects in each 

group of BODE index quartiles (quartiles 1-2 and 3-4) presented a power of 

81% to detect a significant difference in SNIP (which was 17 cmH2O)  between 



31 

 

the groups by using the SD of the difference (18 cmH2O) and adopting the 

statistical significance of 5%.  

 

RESULTS 

 

Table 1 describes the general characteristics of the sample. The majority 

of patients presented severe or very severe degree of airflow limitation. 

Moreover, according to the MRC scale, important limitation in daily living by 

dyspnea was also observed. When the individuals were separated into two 

groups according to the quartiles of the BODE index (i.e., quartiles 1-2 and 3-4), 

only gender, age and BMI were not different between the groups (Table 1).   

The mean SNIP in the total sample was 64±21 cmH2O (69±26 % 

predicted). There was significant difference in the comparison of SNIP (cmH2O 

and % predicted) between the individuals in quartiles 1-2 vs 3-4 (Figure 1). 

Taking into account the cutoff points for FEV1 as established by Celli et al[2], a 

significant difference in SNIP was found when comparing the two milder groups 

(i.e., FEV1 ≥ 50% predicted) against the two more severe groups (i.e., FEV1 

≤49% predicted) (SNIP 85±6 vs. 61±5 % predicted, respectively; P=0.004). 

Using the same division as lower (i.e., 0-2) and higher (i.e., 3-4) scores of the 

MRC scale, a significant difference in SNIP was also observed (SNIP 86±8 vs 

64±4 % predicted, respectively; P=0.02). There was no difference in SNIP 

between the groups divided according to BMI: (SNIP 70±4 % predicted for BMI 

>21 kg·m-2 vs 63±7 % predicted for BMI ≤21 kg·m-2; P=0.37). It was not 

possible to perform this comparison using the 6MWT cutoff points since all 

patients presented a walking distance greater than 350 meters. Furthermore, 
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significant difference was observed in the comparison of SNIP among 

individuals with different degrees of airflow obstruction according to the GOLD 

criteria[1] (Figure 2). 

SNIP values, both in cmH2O and in % of predicted, showed moderate 

correlation with the BODE index (r=-0.62 and r=-0.51, respectively; P<0.001 for 

both; Figure 3). Significant correlations were also observed between SNIP in 

absolute values with the updated BODE index (r=-0.45, P=0.004) and ADO 

index (r=-0.39, P= 0.01). SNIP in % predicted values correlated significantly 

with the updated BODE index (r=-0.45, P=0.004) and showed a correlation of 

borderline statistical significance with the ADO index (r=-0.30, P=0.06). There 

were also moderate correlations between SNIP in both absolute and % 

predicted values with FEV1 in liters and % predicted (0.43 ≤ r ≤ 0.59, P<0.05 for 

all). No significant correlations were observed between SNIP and age, 6MWT, 

MRC scores or BMI (0.07 ≤ r ≤ 0.30, P>0.05 for all). 

Results from the logistic regression analysis are shown in Table 2. The 

odds ratio (95% confidence interval) and P-value for each cutoff point in 

predicting a BODE score ≥ 5 points were: cutoff 43 cmH2O: 7.29 (0.7-68), 

P=0.08; cutoff 63 cmH2O: 4.67 (1.2-18), P=0.03; and cutoff 83 cmH2O: 2.18 

(0.4-11), P=0.34. Furthermore, 63 cmH2O was the only cutoff point to present a 

statistically significant odds ratio and the best combination of sensitivity, 

specificity, positive and negative predictive value (table 2).  
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DISCUSSION 

 

The present study showed that patients with COPD with higher scores in 

the BODE index had also worse SNIP values. Moreover, the SNIP was 

moderately correlated with the BODE index, updated BODE and airflow 

obstruction. The SNIP cutoff point of 63 cmH2O was shown to be the best for 

predicting a higher score (≥ 5 points) in the BODE index. 

The SNIP assessment, despite numerous advantages over other similar 

measures, has been given little attention in the literature. In this test, the type of 

activation of the respiratory muscles, the interface between the subject and the 

equipment, the learning and achievement processes are simpler than 

MIP[16,17]. Recently, Moore and colleagues[4] found that SNIP is a better 

predictor of mortality when compared to static lung hyperinflation assessed by 

the ratio between inspiratory capacity and total lung capacity (IC/TLC)[4]. This 

ratio was previously identified as a good predictor of overall mortality and 

respiratory problems in patients with COPD, independently of the BODE 

index[18]. More recently, a moderate correlation between SNIP and the BODE 

index (r=0.49) was described by Ju and colleagues in a Chinese population[7], 

which is weaker than what was found in the present study (r=0.62).  In this  

study, however, the relationship between SNIP and BODE index was not 

studied in depth, since the focus of their investigation was the phrenic nerve 

stimulation, which is less practical in the clinical setting. Furthermore, they 

included only 16% of women, which does not represent the typical COPD 

patient population. For example, in Brazil the prevalence of women is nowadays 

around 50% of the population of patients with COPD[19]. Moreover, SNIP 
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results were not described as % of reference values but only in absolute 

numbers, therefore not allowing for corrections concerning anthropometric 

characteristics. In summary, the present study added relevant information to the 

literature concerning the capacity of SNIP to reflect disease severity as 

assessed by the BODE index, a powerful index of mortality and severity that 

has been widely used in the literature[20-24], certainly more than the IC/TLC 

ratio. 

We observed that individuals with higher score in the BODE index (≥ 5 

points) presented worse SNIP values, and these outcomes presented a 

moderate and negative correlation. A previous study[4] suggested that, in 

patients with COPD, the capacity of SNIP to be an important predictor of 

mortality is due to its capacity to reflect both the characteristics of respiratory 

muscles as well as the effects of pulmonary hyperinflation. Although no 

measure of lung hyperinflation was used in the present study, the SNIP 

correlated with FEV1, which may reflect lung hyperinflation[25]. Furthermore, 

patients with worse GOLD classification had worse SNIP values. We did not 

find differences in SNIP values between GOLD 3 and 4. In the literature, 

patients in GOLD 3 and 4 tend to stay in the same category as a “high risk 

group” (i.e. hospital admissions, exacerbations and mortality)[26]. Therefore, 

the absence of differences between these groups was possibly due to this 

similarity, since SNIP can reflect disease severity. Assuming that the BODE is a 

multidimensional index able to assess the individual globally, it appears that this 

relationship is even more important for clinical practice, although it seems to be 

sustained mainly by the pulmonary component of the index (FEV1) since no 

significant correlations with the 6MWT or BMI were observed.  
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One of the main differences between the updated BODE index and the 

original version is that the updated version has a broader range of scores. 

Despite that, the median scores of these two indexes were relatively similar in 

the present study. This happened because the new index increases the 

stratification related to the 6MWT and, as previously seen in a study of Pitta and 

colleagues[27], Brazilian patients with COPD may walk more when compared to 

European patients. Moreover, the new index also simplifies the stratification of 

FEV1, and the current sample was classified as moderate-to-severe degree of 

airflow obstruction. This may also contribute to the similar scores in the two 

BODE indexes in the present study.  We found only weak correlations between 

SNIP and the ADO index, an index proposed to be simpler than the BODE 

index[3], as it considers only age, MRC score and FEV1. These results can be 

attributed to the fact that this index does not take into account other important 

aspects of the disease, such as exercise capacity and body composition.  

Moore and colleagues[4], besides identifying the SNIP as a strong 

predictor of mortality in patients with COPD, also observed that the change of 

approximately one standard deviation in the value of SNIP may reflect important 

changes in the survival of these patients. This was observed using three 

random cutoff points of SNIP separated by one or two standard deviations (43 

cmH2O, 63 cmH2O and 83 cmH2O). We investigated the same cutoffs points 

and found that 63 cmH2O had the best performance of the three in predicting a 

high BODE index (i.e,, worse disease severity and higher mortality risk) in this 

population. However, longitudinal studies will be useful to further validate this 

cutoff point, since specificity and sensitivity are moderate and, so far, its 

applicability refers to COPD only.   
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SNIP assesses the inspiratory muscle strength[28-30], and it has been 

previously shown that one of the main causes of reduction in inspiratory muscle 

strength in COPD is lung hyperinflation[31,32]. Besides the advantages that 

SNIP is easier than MIP to perform and it was previously identified as a good 

predictor of mortality compared with the gold standard measure of lung 

hyperinflation[4], it is an instinctive, low-cost and easily applicable test in clinical 

practice which can identify patients at risk who need specialized treatment. 

These reasons indicate that SNIP could be more widely used in clinical practice.  

Limitations of this study include the fact that no patient with GOLD I 

classification was included due to the fact that these patients are still unusually 

referred for pulmonary rehabilitation, which was the target population of this 

study. Finally, unfortunately no measure of lung hyperinflation was available for 

use, which could be helpful in explaining and discussing the findings.  

 

CONCLUSION 

 

In patients with COPD, the sniff nasal inspiratory pressure, a measure 

of inspiratory muscle strength, is moderately and significantly related with the 

BODE index, which has been widely used to reflect disease severity and 

mortality. Additionally, the cutoff point of 63 cmH2O in this study presented the 

best combination of sensitivity and specificity to predict worse scores in the 

BODE index. 
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TABLES AND FIGURES 

 
Table 1. General characteristics of the sample. 

 Total Sample 

(n=38) 

Quartiles 1-2 

(n=18) 

Quartiles 3-4 

(n=20) 

Gender M/F (n, %)  21(55)/17(45) 11(61)/7(39) 10(50)/10(50) 

Age (years)  66±8 68±8  65±8 

BMI (kg·m-2)  24 [20-29] 24 [21-27] 23 [20-29] 

FEV1 (L) 0.93 [0.68-1.5] 1.5[1-1.7] 0.68 [0.62-0.93]* 

FEV1 (% predicted)  42±16 55±13 31±9* 

FVC (L) 2.1 [1.55-2.62] 2.6±0.9 1.9±0.6* 

FVC (% predicted)  67±18 77±16 59±15* 

FEV1·FVC-1 (%) 50±13 57±9 42±13* 

GOLD (II/III/IV) 13/15/10 13/5/0 0/10/10 

6MWT (m) 462±61 486±58 441±56* 

6MWT (% predicted) 76±10 81±9 73±10* 

MRC (points) 4 [3-4] 3 [2-4] 4 [4-4]* 

BODE index 

BODE index quartiles 

(n, 1/2/3/4) 

5 [3-6] 

4/14/14/6 

3 [3-4] 

4/14/0/0 

6 [5-7]* 

0/0/14/6 

Update BODE index 4 [3-5] 3 [2-4] 5 [4-6]* 

ADO index 6 [5-7] 5 [4-6] 7 [6-8]* 

Data presented in absolute frequency, mean ± standard deviation or median 
[interquartile range]. M: male; F: female; BMI: Body Mass Index; FEV1: Forced 
Expiratory Volume in the first second; FVC: Forced Vital Capacity; GOLD: Global 
Initiative for Chronic Obstructive Lung Disease; SNIP: Sniff Nasal Inspiratory Pressure; 
6MWT: Six-minute Walking Test; MRC: Medical Research Council scale, BODE: Body 
Mass Index, Airflow Obstruction, Dyspnea and Exercise Capacity index; ADO: Age, 
Dyspnea, Airflow Obstruction index. *: P<0.05 versus Quartiles 1-2. 
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Table 2. Capacity of Sniff Nasal Inspiratory Pressure (SNIP) to predict a BODE 

score ≥ 5 points (i.e., equivalent to BODE quartiles 3-4). 

 

Cutoff 
points* 

Sensitivity Especificity + Predic. 
 Value 

- Predic.  
Value  

OR (CI)  

43 cmH2O 30 94 86 55 7.29 (0.7-68) 

63 cmH2O 70 67 70 67 4.67 (1.2-18)† 

83 cmH2O 85 28 57 63 2.18 (0.4-11) 

BODE: Body Mass Index, Airflow Obstruction, Dyspnea and Exercise Capacity index. 
* Cutoff points defined by Moore et al[4]. 
† P<0.05  
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Figure 1. Comparison of SNIP (A, cmH2O; B, % predicted) between groups of 

patients with COPD separated according to the BODE quartiles.  
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Figure 1. SNIP: sniff nasal inspiratory pressure; BODE: Body mass index, airflow 
Obstruction, Dyspnea and Exercise capacity index. Data are expressed as mean ± SD 
* P=0.01. 
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Figure 2. Comparison of SNIP (A, cmH2O; B, % predicted) among groups of 

patients with COPD separated according to the GOLD classification.  

GOLD 2 GOLD 3 GOLD 4
0

20

40

60

80

100

       *
       *

S
N

IP
 (

c
m

H
2
O

)

GOLD 2 GOLD 3 GOLD 4
0

20

40

60

80

100

       *
       *

S
N

IP
 (

%
 o

f 
p

re
d

ic
te

d
)

A ) B ) 

Figure 2. SNIP: sniff nasal inspiratory pressure; GOLD: Global Initiative for Chronic 
Obstructive Lung Disease. Data are expressed as mean ± SD. * P<0.01.  
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Figure 3. Correlation between SNIP (A, cmH2O; B, % predicted) and BODE 

index. 
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Figure 3. Correlation of SNIP (sniff nasal inspiratory pressure) in cmH20 (A) and % 
predicted (B) with scores of the BODE (Body mass index, airflow Obstruction, Dyspnea 
and Exercise capacity) index. The dotted lines divide the BODE quartiles in 1 (0-2 
points), 2 (3-4 points), 3 (5-6 points) and 4 (>7 points).  
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4 CONCLUSÃO GERAL 

 

 A partir dos resultados desta dissertação observou-se que 

indivíduos com DPOC que apresentam uma pontuação mais alta no índice 

BODE (equivalente aos quartis III e IV), apresentam também uma pior SNIP. 

Além disso, a SNIP correlacionou-se moderadamente com a pontuação do 

índice BODE, tanto na versão original quanto na atualizada, e com a obstrução 

ao fluxo aéreo medida pelo VEF1. Além disso, o ponto de corte de 63 cmH2O 

para a SNIP apresentou a melhor combinação de sensibilidade e 

especificidade para predizer uma maior pontuação mais alta (i.e., mais grave) 

no índice BODE na população estudada.  

 A SNIP tem mostrado ser um teste confiável e de fácil execução, 

tanto para mensurar a força muscular inspiratória, como para predizer o risco 

de mortalidade em pacientes com DPOC, como mostrado anteriormente na 

literatura e confirmado em nossos resultados. Isso indica que o teste pode ser 

mais difundido na prática clínica e também mais utilizado em pesquisas futuras. 
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6 APÊNDICE  

APÊNDICE A 

FICHA DE AVALIAÇÃO DA SNIFF NASAL INSPIRATORY PRESSURE 

 

Sniff nasal inspiratory pressure (SNIP) 

Narina escolhida: Direita (     )     Esquerda (     ) 

O paciente possui alguma das condições abaixo (com diagnóstico médico)? 

Desvio de septo nasal:     Sim (     )     Não (     ) 

Cirurgia nasal prévia:     Sim (     )     Não (     ) 

Rinite:     Sim (     )     Não (     ) 

Medidas: 

1ª 2ª 3ª 4ª 5ª 6ª 7ª 8ª 9ª 10ª 

 

 

         

11ª 12ª 13ª 14ª 15ª 16ª 17ª 18ª 19ª 20ª 

 

 

         

Valor 

escolhido 

 

 

 

Observações: 

_______________________________________________________________ 

_______________________________________________________________ 
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7 ANEXOS 
ANEXO A 

 
 

Escala Medical Research Council (MRC) 
 

 
 
 
Fonte: Kovelis D, et al. Validation of the Modified Pulmonary Functional Status 
and Dyspnea Questionnaire and the Medical Research Council scale for use in 
Brazilian patients with chronic obstructive pulmonary disease. J Bras Pneumol. 
2008;34(12):1008-18.  
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ANEXO B 

TERMO DE CONSENTIMENTO ESCLARECIDO 

INFORMAÇÕES SOBRE O ESTUDO 

 

Prezado(a) Senhor(a): 

 

O(A) Sr(a) está sendo convidado para participar de um projeto de 

pesquisa chamado “Efeitos de um programa de exercício físico de longa 

duração sobre aspectos pulmonares e sistêmicos em pacientes com Doença 

Pulmonar Obstrutiva Crônica (DPOC)”, cujos pesquisadores responsáveis são 

Prof. Dr. Fábio de Oliveira Pitta e Nidia A. Hernandes, do Departamento de 

Fisioterapia da Universidade Estadual de Londrina (UEL). O estudo analisará 

principalmente as melhoras obtidas após 6 meses de treinamento utilizando-se 

dois tipos diferentes de exercício físico. 

  

Justificativa: O presente estudo contribuirá para solucionar uma questão não 

resolvida e que tem sido alvo de grande debate: levando em conta que a longa 

duração do programa de treinamento físico é fundamental no processo de 

conscientizar pacientes com DPOC a aumentar sua atividade física diária, será 

necessário que o treinamento físico realizado durante esse programa de longa 

duração seja feito em alta intensidade, ou um programa de baixa intensidade 

de treinamento já atingiria o objetivo? Se programas de longa duração, porém 

com baixa intensidade de treinamento, trouxerem benefícios importantes no 

aumento da atividade física diária,  isso poderá trazer mudança no 

entendimento atual sobre protocolos de exercício em pacientes com DPOC, 

que hoje são realizados sob alta intensidade de treinamento. 

 

Objetivo: Comparar os efeitos de dois protocolos de treinamento físico em um 

programa de reabilitação de longa duração (6 meses) em pacientes com 

DPOC: um protocolo de alta intensidade (baseado em treinamento de 
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endurance e força) e um protocolo de baixa intensidade (baseado em 

exercícios respiratórios e de readequação do complexo tóraco-pulmonar). 

 

Procedimentos: Os pacientes incluídos realizarão uma série de testes que 

incluirá avaliação da função pulmonar, capacidade máxima e funcional de 

exercício, força muscular periférica e respiratória, atividade física na vida diária, 

composição corporal, função autonômica cardíaca, qualidade de vida, estado 

funcional e sensação de dispneia. A realização dos testes requer uma visita de 

aproximadamente 2 horas ao Hospital Universitário Regional Norte do Paraná, 

em Londrina, além do uso do pequeno aparelho na cintura durante dois dias 

(12 horas por dia, apenas durante o dia e não de noite).Após a avaliação inicial, 

os pacientes serão divididos em dois grupos: um grupo realizará um programa 

de exercícios físicos direcionado ao aumento da mobilidade torácica realizado 

3 vezes por semana, durante 24 semanas ; e outro grupo realizará um 

programa de treinamento de endurance e força de membros superiores e 

inferiores realizado 3 vezes por semana, durante 24 semanas. Ao final do 

programa de treinamento, os participantes serão reavaliados seguindo os 

mesmos testes realizados na avaliação inicial.  

Custos: A pesquisa é gratuita e portanto não envolve qualquer custo por parte 

dos indivíduos. Não haverá qualquer gratificação financeira pela participação. 

No entanto, em caso de eventuais danos ocorridos exclusivamente por causa 

deste estudo, o Sr(a) terá direito a tratamento médico completo oferecido pela 

instituição.   

Riscos: Nenhum dos procedimentos utilizados constitui risco direto para a 

integridade física ou moral dos participantes. Além disso, os participantes 

poderão abandonar o estudo a qualquer momento que se achar conveniente, 

sem qualquer prejuízo em nenhum sentido. 

Sigilo: Embora os resultados da pesquisa possam ser divulgados em 

publicações e eventos científicos, a identidade dos participantes será sempre 

preservada de maneira sigilosa, ou seja, em segredo. 
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Caso o(a) Sr(a) aceite esse convite e concorde voluntariamente 

em participar do estudo assinando este termo de consentimento, 

consideramos que o Sr(a) acredita que foi suficientemente informada 

pela pesquisador Fabio de Oliveira Pitta sobre a pesquisa, os 

procedimentos envolvidos nela, assim como os possíveis riscos e 

benefícios decorrentes dessa participação.  Ressaltamos novamente 

que o Sr(a) pode retirar seu consentimento a qualquer momento, sem 

que isto leve a qualquer prejuízo em nenhum sentido. 

 

Local e data: 

_____________________________________________________________ 

Nome do participante: 

_____________________________________________________________ 

Assinatura do participante ou responsável: 

_____________________________________________________________ 

Assinatura do pesquisador: 

_____________________________________________________________ 

 

 Colocamo-nos à disposição para qualquer esclarecimento que se fizer 

necessário nos telefones (43) 3371 2288 ou 3371 2252 ou pessoalmente no 

Ambulatório de Fisioterapia Respiratória do Hospital Universitário Regional 

Norte do Paraná: Av. Robert Koch, 60 – Vila Operária – Londrina – PR 

(perguntar pelo Professor Fábio de Oliveira Pitta). Em caso de dúvida, o Comitê 

de Ética em Pesquisa da Universidade Estadual de Londrina / Hospital 

Universitário pode ser contactado pelo telefone (43) 3371 2490. 

 

Atenciosamente,       

                   Prof. Fábio de Oliveira Pitta 

                                                                            Coordenador do Projeto 
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ANEXO C 

PARECER DO COMITÊ DE ÉTICA EM PESQUISA 
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ANEXO D 

Normas de formatação do periódico Lung 

 
 
Edited By:  F.D McCool 
Impact Factor: 2.171 
ISSN: 0341-2040 (print version) 
ISSN: 1432-1750 (electronic version) 
Journal no. 408 
 
Types of papers 

The journal accepts the following types of papers: original research, letter to the 
editor, state of the art reviews, brief report, editorial, book review, and lung 
images. 
 
Original Research 
Original research should not exceed 2600 words. This does not include 
abstract, tables and figures or references. Please include sub-headings: 
introduction, methods, results and conclusion in the abstract. 
 
Brief Report 
A Brief Report is limited to 1600 words and 20 references. It should have 
Abstract, Introduction, Methods, Results and Discussion sections. The Abstract 
should be 150 words and does not need subheadings. There can be a 
combined total of up to 3 figures and tables (i.e. 2 figures and 1 table, 1 figure 
and 3 tables, 3 tables, or 3 figures). 
 
Letter to the editor 
Text is limited to 750 words, with no abstract. There may be 1 figure, up to 3 
references, and no more than 3 authors, with author affiliations only including 
main institution, place name and (state plus) country (i.e. no departments, etc). 
 
State of the Art Review 
An abstract of not more than 250 words is needed, but does not require sub-
headings. There should be 3-6 figures or tables, no more than 80 references, 
and body text of no more than 3000 words. 
 
Editorial procedure 

Additional Info: It would be useful if the authors would submit the names, 
telephone and fax numbers, and addresses of three to five people who might 
review the manuscript. 
 
Manuscript Submission 
Submission of a manuscript implies: that the work described has not been 
published before; that it is not under consideration for publication anywhere 
else; that its publication has been approved by all co-authors, if any, as well as 
by the responsible authorities – tacitly or explicitly – at the institute where the 
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work has been carried out. The publisher will not be held legally responsible 
should there be any claims for compensation. 
 
Permissions 
Authors wishing to include figures, tables, or text passages that have already 
been published elsewhere are required to obtain permission from the copyright 
owner(s) for both the print and online format and to include evidence that such 
permission has been granted when submitting their papers. Any material 
received without such evidence will be assumed to originate from the authors. 
 
Online Submission 
Authors should submit their manuscripts online. Electronic submission 
substantially reduces the editorial processing and reviewing times and shortens 
overall publication times. Please follow the hyperlink “Submit online” on the right 
and upload all of your manuscript files following the instructions given on the 
screen. 
 
Title Page 
The title page should include: 
The name(s) of the author(s) 
A concise and informative title 
The affiliation(s) and address(es) of the author(s) 
The e-mail address, telephone and fax numbers of the corresponding 
author 
 
Abstract 
Please provide a structured abstract of 150 to 250 words which should be 
divided into the following sections: 
Purpose (stating the main purposes and research question) 
Methods 
Results 
Conclusions 
 
Keywords 
Please provide 4 to 6 keywords which can be used for indexing purposes. 
 
Text Formatting 
Manuscripts should be submitted in Word. 

Use a normal, plain font (e.g., 10-point Times Roman) for text. 
Use italics for emphasis. 
Use the automatic page numbering function to number the pages. 
Do not use field functions. 
Use tab stops or other commands for indents, not the space bar. 
Use the table function, not spreadsheets, to make tables. 
Use the equation editor or MathType for equations. 
Save your file in docx format (Word 2007 or higher) or doc format (older 
Word versions). 

    Manuscripts with mathematical content can also be submitted in LaTeX. 
    LaTeX macro package (zip, 182 kB) 

http://static.springer.com/sgw/documents/468198/application/zip/LaTeX.zip
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Headings 
Please use no more than three levels of displayed headings. 
 
Abbreviations 
Abbreviations should be defined at first mention and used consistently 
thereafter. 
 
Footnotes 
Footnotes can be used to give additional information, which may include the 
citation of a reference included in the reference list. They should not consist 
solely of a reference citation, and they should never include the bibliographic 
details of a reference. They should also not contain any figures or tables. 
Footnotes to the text are numbered consecutively; those to tables should be 
indicated by superscript lower-case letters (or asterisks for significance values 
and other statistical data). Footnotes to the title or the authors of the article are 
not given reference symbols. 
Always use footnotes instead of endnotes. 
 
Acknowledgments 
Acknowledgments of people, grants, funds, etc. should be placed in a separate 
section before the reference list. The names of funding organizations should be 
written in full. 
 
Scientific style 

Please always use internationally accepted signs and symbols for units 
(SI units). 
Nomenclature: Insofar as possible, authors should use systematic names 
similar to those used by Chemical Abstract Service or IUPAC. 
Please use the standard mathematical notation for formulae, symbols 
etc.: 
Italic for single letters that denote mathematical constants, variables, and 
unknown quantities 
Roman/upright for numerals, operators, and punctuation, and commonly 
defined functions or abbreviations, e.g., cos, det, e or exp, lim, log, max, 
min, sin, tan, d (for derivative) 
Bold for vectors, tensors, and matrices. 
 
Terminology 

Generic names of drugs and pesticides are preferred; if trade names are used, 
the generic name should be given at first mention. 
 
Citation 
Reference citations in the text should be identified by numbers in square 
brackets. Some examples: 
1. Negotiation research spans many disciplines [3]. 
2. This result was later contradicted by Becker and Seligman [5]. 
3. This effect has been widely studied [1-3, 7]. 
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Reference list 
The list of references should only include works that are cited in the text and 
that have been published or accepted for publication. Personal communications 
and unpublished works should only be mentioned in the text. Do not use 
footnotes or endnotes as a substitute for a reference list. 
The entries in the list should be numbered consecutively. 
Journal article 
Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L 
(2009) Effect of high intensity intermittent training on heart rate variability in 
prepubescent children. Eur J Appl Physiol 105:731-738. doi: 10.1007/s00421-
008-0955-8 
Ideally, the names of all authors should be provided, but the usage of “et al” in 
long author lists will also be accepted: 
Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl 
J Med 965:325–329 
Article by DOI 
Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine 
production. J Mol Med. doi:10.1007/s001090000086 
Book 
South J, Blass B (2001) The future of modern genomics. Blackwell, London 
Book chapter 
Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of 
modern genomics, 3rd edn. Wiley, New York, pp 230-257 
Online document 
Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb. 
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007 
Dissertation 
Trent JW (1975) Experimental acute renal failure. Dissertation, University of 
California 
Always use the standard abbreviation of a journal’s name according to the ISSN 
List of Title Word Abbreviations, see 
ISSN.org LTWA 
For authors using EndNote, Springer provides an output style that supports the 
formatting of in-text citations and reference list. 
EndNote style (zip, 2 kB) 
Authors preparing their manuscript in LaTeX can use the bibtex file spbasic.bst 
which is included in Springer’s LaTeX macro package. 
 
Tables 
All tables are to be numbered using Arabic numerals. 
Tables should always be cited in text in consecutive numerical order. 
For each table, please supply a table caption (title) explaining the components 
of the table. 
Identify any previously published material by giving the original source in the 
form of a reference at the end of the table caption. 
Footnotes to tables should be indicated by superscript lower-case letters (or 
asterisks for significance values and other statistical data) and included beneath 
the table body. 

 

http://www.issn.org/services/online-services/access-to-the-ltwa/
http://static.springer.com/sgw/documents/943237/application/zip/SpringerBasicNumber.zip
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Electronic supplementary material 

Springer accepts electronic multimedia files (animations, movies, audio, etc.) 
and other supplementary files to be published online along with an article or a 
book chapter. This feature can add dimension to the author's article, as certain 
information cannot be printed or is more convenient in electronic form. 
Submission 
Supply all supplementary material in standard file formats. 
Please include in each file the following information: article title, journal 
name, author names; affiliation and e-mail address of the corresponding 
author. 
To accommodate user downloads, please keep in mind that larger-sized 
files may require very long download times and that some users may 
experience other problems during downloading. 
Audio, Video, and Animations 
Always use MPEG-1 (.mpg) format. 
Text and Presentations 
Submit your material in PDF format; .doc or .ppt files are not suitable for 
long-term viability. 
A collection of figures may also be combined in a PDF file. 
Spreadsheets 
Spreadsheets should be converted to PDF if no interaction with the data 
is intended. 
If the readers should be encouraged to make their own calculations, 
spreadsheets should be submitted as .xls files (MS Excel). 
Specialized Formats 
Specialized format such as .pdb (chemical), .wrl (VRML), .nb 
(Mathematica notebook), and .tex can also be supplied. 
Collecting Multiple Files 
It is possible to collect multiple files in a .zip or .gz file. 
Numbering 
If supplying any supplementary material, the text must make specific 
mention of the material as a citation, similar to that of figures and tables. 
Refer to the supplementary files as “Online Resource”, e.g., "... as shown 
in the animation (Online Resource 3)", “... additional data are given in 
Online Resource 4”. 
Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”. 
Captions 
For each supplementary material, please supply a concise caption 
describing the content of the file. 
Processing of supplementary files 
Electronic supplementary material will be published as received from the 
author without any conversion, editing, or reformatting. 
Accessibility 
In order to give people of all abilities and disabilities access to the content of 
your supplementary files, please make sure that 
The manuscript contains a descriptive caption for each supplementary 
material 
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Video files do not contain anything that flashes more than three times per 
second (so that users prone to seizures caused by such effects are not 
put at risk) 
Integrity of research and reporting 

 

Ethical standards 
Manuscripts submitted for publication must contain a declaration that the 
experiments comply with the current laws of the country in which they were 
performed. Please include this note in a separate section before the reference 
list. 
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When an author or the institution of the author has a relationship, financial or 
otherwise, with individuals or organizations that could influence the author’s 
work inappropriately, a conflict of interest may exist. Examples of potential 
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note should be added in a separate section before the reference list. If no 
conflict exists, authors should state: The authors declare that they have no 
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