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RESUMO

Introducao: A valvula nasal ¢ responséavel por cerca de 50 a 60% da resisténcia total a
passagem do ar pelo trato respiratorio e tende ao colapso durante a inspiragdo. Dilatadores
nasais foram criados para expandir a 4rea da vélvula nasal e garantir melhor paténcia
nasal de maneira ndo medicamentosa. Objetivo: Verificar a eficacia do uso de dilatadores
nasais durante a corrida. Métodos: Trata-se de uma revisdo sistematica da literatura e
metanalise que seguiu as recomendagdes PRISMA-P, PRISMA 2020 e registrada no
PROSPERO (CRD42021225795). Foram incluidos estudos conforme a estratégia
PICOS, a saber: Populagdo: sujeitos saudaveis sem restricdo de sexo e idade; Intervengao:
dilatadores nasais; Comparagdo: grupo controle, placebo, intervengdo minima, educagao
em saude ou outra intervencao; Desfechos: parametros cardiorrespiratorios e percepcdes
subjetivas de obstrugdo e paténcia nasal, esfor¢o, fadiga e dispneia; Estudo: ensaios
clinicos randomizados, ensaios clinicos randomizados de medidas repetidas ou within-
subjects design, publicados na integra e revisados por pares. As bases de dados
pesquisadas foram MEDLINE/OVID, EMBASE, CENTRAL The Cochrane Library,
CINAHL, SPORTDiscus, Web of Science, PEDro e Scopus. Os descritores “Running”,
“Nasal Dilator” and “Randomized Controlled Trial” e sindbnimos foram combinados
utilizando o operador booleano “AND”. A selecdo e extragdo dos dados, assim como a
avaliacdo do risco de viés pela escala PEDro, foram realizadas por pesquisadores
independentes. A metanalise foi conduzida quando pelo menos dois estudos eram
comparaveis e reportada na forma de média da diferenca padronizada (tamanho de efeito)
e intervalo de confianga de 95%. Foi utilizado o modelo de efeitos randomicos Der
Simonian and Laird e a heterogeneidade foi avaliada usando a estatistica /°. A avaliagdo
de certeza das evidéncias foi feita por meio da abordagem GRADE. Resultados: Foram
encontrados 3748 artigos, dos quais 11 foram incluidos na andlise qualitativa e sete na
quantitativa. Os resultados mostraram diferenga significativa a favor do dilatador nasal
quando comparado ao placebo para o consumo méaximo de oxigénio [tamanho de efeito,
95% IC: 0.34 (0.12 - 0.56), p: 0.00, 1% 0%, e N: 154] e avaliagdo do esforco percebido
[tamanho de efeito, 95% IC: -0.27 (-0.51 - -0.03), p: 0.03, I%: 0%, ¢ N: 136]. Nao houve
diferenca significativa entre o uso de dilatadores nasais quando comparado ao controle
para o consumo maximo de oxigénio [tamanho de efeito, 95% IC: 0.16 (-0.39 - 0.72), p:
0. 57, I?: 0%, e N: 23], avalia¢do do esforco percebido [tamanho de efeito, 95% IC: -0.34
(-0.69 - 0.02), p: 0.06, 1% 0%, e N: 59], frequéncia cardiaca [tamanho de efeito, IC 95%:



0.15 (-0.26 - 0.57), p: 0.47, I?: 0%, e N: 42], relacdo de troca respiratoria [tamanho de
efeito, IC 95%: -0.06 (-0.62 - 0.5), p: 0.83, I% 0%, e N: 23] e tempo de exercicio [tamanho
de efeito, IC 95%: 0.08 (-0.34 - 0.49), p: 0.71, I?: 0%, e N: 42]. A certeza das evidéncias
foi muito baixa. Conclusao: Dados sobre o tema sdo incipientes, ¢ provavel que estudos

futuros tenham impacto na estimativa do efeito.

Palavras-chave: Dilatador nasal. Valvula nasal. Corrida. Revisdo sistematica. Metanalise.



ABSTRACT

Introduction: The nasal valve is responsible for approximately 50 to 60% of total airway
resistance in the respiratory tract and tends to collapse during inspiration. Nasal dilators
were created to expand the nasal valve area and ensure better nasal patency in a non-
pharmacological manner. Objective: To verify the effectiveness of using nasal dilators
during running. Methods: This is a systematic literature review and meta-analysis that
followed the recommendations PRISMA-P, PRISMA 2020 and registered in PROSPERO
(CRD42021225795). According to the PICOS strategy studies were included: Population:
healthy subjects without sex and age restrictions; Intervention: nasal dilators;
Comparison: control group, placebo, minimal intervention, health education or other
intervention; Outcomes: cardiorespiratory parameters and subjective perceptions of nasal
obstruction and patency, effort, fatigue and dyspnea; Study: randomized clinical trials,
randomized clinical trials of repeated measures or within-subjects design, published in
full and peer-reviewed. The databases searched were MEDLINE/OVID, EMBASE,
CENTRAL The Cochrane Library, CINAHL, SPORTDiscus, Web of Science, PEDro
and Scopus. The descriptors “Running”, “Nasal Dilator” and ‘“Randomized Controlled
Trial” and synonyms were combined using the boolean operator “AND”. The selection
and extraction of data, as well as the assessment of the risk of bias using the PEDro scale,
were performed by independent researchers. Meta-analysis was conducted when at least
two studies were comparable and reported as a standardized mean of difference (effect
size) and 95% confidence interval. The Der Simonian and Laird random effects model
was used and heterogeneity was evaluated using the /° statistic. The assessment of the
certainty of the evidence was carried out using the GRADE approach. Results: 3748
articles were found, of which 11 were included in the qualitative analysis and seven in
the quantitative analysis. The results showed a significant difference in favor of the nasal
dilator compared to placebo for the outcomes VO2max [effect size, 95% CI: 0.34 (0.12 -
0.56), p: 0.00, 1% 0%, and N: 154] and RPE [effect size, 95% CI: -0.27 (-0.51 - -0.03), p:
0.03, 7% 0%, and N: 136]. There was no significant difference between the use of nasal
dilators when compared to the control for the outcomes VO2max [effect size, 95% CI:
0.16 (-0.39 - 0.72), p: 0. 57, I*: 0%, and N: 23], RPE [effect size, 95% CI: -0.34 (-0.69 -
0.02), p: 0.06, I?: 0%, and N: 59], HR [effect size, CI1 95%: 0.15 (-0.26 - 0.57), p: 0.47, I*:
0%, and N: 42], RER [effect size, CI 95%: -0.06 (-0.62 - 0.5), p: 0.83, I*: 0%, and N: 23]
and exercise time [effect size, CI 95%: 0.08 (-0.34 - 0.49), p: 0.71, I?: 0%, and N: 42].



The certainty of the evidence ranged from low to very low. Conclusion: Data on the topic

are incipient, and future studies will probably have an impact on estimation of the effect.

Keywords: Nasal dilator. Nasal valve. Running. Systematic review. Meta-analysis.
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1 INTRODUCAO

1.1 RESPIRACAO

O funcionamento adequado do sistema respiratério ¢ fundamental para a
realizacdo adequada e segura de exercicios fisicos, atuando especialmente na manutengao
do equilibrio &cido-basico durante a sua pratica. Sua principal funcao € viabilizar a troca
gasosa de oxigénio e gis carbdnico entre o corpo e o meio ambiente, por meio da
ventilagdo e da difusdo. A ventilagdo corresponde ao processo mecanico de entrada e
saida de ar, e a difusdo ao processo de troca gasosa que ocorre nos pulmdes. Os 6rgaos
do sistema respiratorio incluem nariz, cavidade nasal, faringe, laringe, traqueia, arvore
bronquica e pulmdes, ¢ ¢ dividida em zona condutora e zona respiratéria. A zona
condutora serve como via de passagem do ar e atua na filtragem, umidifica¢do e
aquecimento do ar que chega a zona respiratoria. Ela é formada pelo nariz, cavidade nasal,
faringe, laringe, traqueia, bronquios, bronquiolos e bronquiolos terminais. A zona
respiratoria € o local onde ocorrem as trocas gasosas, e ¢ formada pelos
bronquiolos respiratdrios, ductos alveolares e alvéolos (POWERS; HOWLEY, 2017).
Nos ateremos a explanagdo das fungdes exercidas pelo nariz e cavidade nasal, que sdo os
orgdos de maior interesse em nosso estudo.

O nariz e a cavidade nasal fazem parte da zona condutora e compartilham de todas
as suas fung¢des. Em individuos saudaveis, a respiragdo em repouso ¢ feita
prioritariamente pelo nariz. Durante exercicios moderados a intensos a ventilagdo
pulmonar ¢ 10 a 20 vezes maior que no repouso, tornando a respiracdo nasal
desconfortavel, e a respiracdo bucal se torna o principal meio de passagem do ar. Por
outro lado, a umidificagdo do ar se torna ainda mais importante, uma vez que ele previne
a desidratacdo do tecido pulmonar durante esse processo (POWERS; HOWLEY, 2017).

Apesar do desconforto da respiracdo nasal durante os exercicios, uma revisao
recente mostrou que a respiracao exclusivamente nasal € vidvel para a maioria das pessoas
em niveis moderados de exercicio aerdbio sem adaptagdo especifica, e também pode ser
alcangada durante niveis pesados ¢ maximos de exercicio aerdbio apds um periodo
sustentado de uso. Os beneficios da respiragao nasal incluem reducao na broncoconstrigao
induzida pelo exercicio, melhor eficiéncia ventilatdria e menor economia fisioldgica para

um determinado nivel de trabalho. O estudo também conclui que o uso de dispositivos de
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dilatacdo nasal pode aumentar a intensidade do trabalho alcancada durante o exercicio

durante a respira¢ao nasal (DALLAM; KIES, 2020).

1.2 DILATADORES NASAIS

A respiracdo envolve a entrada do ar pelas narinas e sua passagem por um caminho
que oferece resisténcia, até que chegue aos pulmdes. O fator que mais contribui para a
resisténcia das vias aéreas ¢ seu diametro (DALLAM; KIES, 2020). A vélvula nasal é
uma estrutura situada aproximadamente a um centimetro do orificio nasal e € responsavel
por cerca de 50 a 60% da resisténcia a passagem do ar pelo trato respiratério, sendo a
passagem mais estreita do nariz (DINARDI; ANDRADE; IBIAPINA, 2014;
ELLEGARD, 2006). Além disso, a valvula nasal tende ao colapso durante a inspiragao,
aumentando ainda mais a resisténcia a passagem do ar (ELLEGARD, 2006). Pequenas
mudangas no didmetro desta regido produzem mudancas significativas no fluxo de ar.
Sendo assim, dispositivos foram criados com o intuito de expandir a area da valvula nasal
e garantir melhor paténcia nasal de maneira ndo medicamentosa (DINARDI;
ANDRADE; IBIAPINA, 2014). Estes dispositivos sdo conhecidos como dilatadores
nasais (DNs) (DINARDI; ANDRADE; IBIAPINA, 2014; ELLEGARD, 2006).

A primeira tentativa de testar esta hipotese data de 1905, quando Francis criou um
dispositivo que teria o intuito de agir como dilatador nasal (DN). Em 1986, Lancer ¢ Jones
testaram a validade do dispositivo através da rinomanometria e confirmaram que este de
fato promoveu a diminuigao da resisténcia nasal. Em 1990 os DNs ja eram utilizados
(DINARDI; ANDRADE; IBIAPINA, 2014). Seu uso ¢ investimento em pesquisas foram
ampliados a partir de 1996 apo6s o uso por atletas nos Jogos Olimpicos de Atlanta, GA,
EUA. Desde entdo, pesquisas com os mais diversos desfechos foram conduzidas para
verificar a validade dos DNs em pessoas saudaveis, atletas, gestantes, em pessoas com
desvio de septo, congestdo nasal, reagdes alérgicas, obstrugdes que ocorrem na presenga
de certas doencas, distirbios do sono, ronco, apneia, cancer ¢ na melhora do desempenho
durante o exercicio fisico (DINARDI; ANDRADE; IBIAPINA, 2014; DINARDI et al.,
2020; ELLEGARD, 2006).

1.2.1 Tipos de dilatadores nasais
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Uma revisdo sistematica da literatura que investigou os diferentes DNs
disponiveis para venda livre no mercado entre os anos de 2013 e 2015 identificou quatro
categorias de DNs, de acordo com seus mecanismos de a¢do: tiras dilatadoras nasais
externas, clipes nasais, stents nasais e estimuladores septais. Tiras dilatadoras externas
sdo consideradas dilatadores nasais externos (DNEs), ao passo que clipes nasais, stents
nasais e estimuladores septais sdo considerados dilatadores nasais internos (DNIs)
(KIYOHARA et al., 2016).

As tiras dilatadoras nasais externas sdo, em geral, tiras adesivas coladas na
superficie dorsal externa do nariz, sobre ou adjacente a ponte do nariz. As tiras possuem
barras paralelas de plastico que vao de um lado ao outro atuando como uma mola,
puxando externamente as paredes do vestibulo nasal na regido da valvula nasal,
aumentando o diametro da valvula nasal interna (KIYOHARA et al., 2016). Em geral,
sdo aplicaveis a criangas, adolescentes e adultos. Um outro tipo de tira dilatadora nasal
externa utilizada em um dos estudos incluidos nesta revisdo, consiste em uma tira adesiva
colada transversa e longitudinalmente no dorso do nariz, a fim de obter a dilatacdo nasal
na direcdo transversa e a elevacdo da ponta do nariz. (OTTAVIANO et al., 2017).

J& os clipes nasais sdo dispositivos inseridos diretamente na cavidade nasal, com
as pontas inseridas em cada narina, sobre o septo nasal. Eles promovem a dilatagdo nasal
exercendo uma forca para fora nas paredes laterais das narinas. Por outro lado, os stents
nasais internos sao inseridos diretamente na cavidade nasal, em cada narina, e aplicam
uma forga circunferencial para fora na valvula nasal interna. Por fim, os estimuladores
septais também sdo inseridos diretamente na cavidade nasal e aplicam pressdo no septo
nasal a fim de aumentar a circulagdo na area nasal e promover a abertura das passagens
nasais (KIYOHARA et al., 2016).

A revisdo de Kiyohara et al. (2016) encontrou cinco estudos que apoiam o uso de
tiras dilatadoras nasais externas, com resultados significativos no aumento da area
transversal nasal, diminui¢do da resisténcia das vias aéreas nasais ¢ aumento do pico de
fluxo de ar nasal. Quatro estudos que defendem o uso de clipes nasais, com resultados
significativos no aumento do pico de fluxo de ar nasal, melhora do fluxo de ar nasal, além
de diminui¢do da resisténcia quando comparado a uma tira dilatadora nasal externa.
Apenas um estudo apoia o uso de stents nasais, com resultados significativos no aumento
do fluxo de ar nasal quando comparado a uma tira dilatadora nasal externa. Nenhum

estudo que demonstre resultados satisfatorios com o uso de estimuladores septais foi
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encontrado. Os autores sugeriram que que tiras dilatadoras nasais externas e clipes nasais

aliviam efetivamente a obstru¢ao da valvula nasal interna (KIYOHARA et al., 2016).

1.3 DILATADORES NASAIS E EXERCICIOS

Uma revisdo sistematica com metanalise foi conduzida com o objetivo de
investigar os efeitos dos DNEs durante o exercicio fisico. De acordo com a abordagem
PICOS (Population, Intervention, Comparison, Qutcomes and Study design), foram
incluidos estudos com as seguintes caracteristicas: Populacdo: adolescentes e adultos de
ambos os sexos com idade entre 12 e 35 anos; Intervencdo: DNEs; Comparag¢do: auséncia
do uso de DNEs, uso de DNIs, placebo e medicamentos; Desfechos: medidas de
desempenho que foram consumo maximo de oxigénio, frequéncia cardiaca, e avaliagao
do esfor¢o percebido; Desenho de estudo: ensaios clinicos controlados randomizados e
ensaios clinicos controlados ndo randomizados. Foram excluidos estudos que avaliaram
os efeitos dos DNEs no sono, ronco, gravidez, congestdo nasal, qualquer tipo de
neoplasia, sujeitos com desvio de septo, além de estudos de revisdo e resumos de
congressos. A busca identificou 624 estudos, dos quais 560 foram triados, 19 foram
incluidos na sintese qualitativa e 14 na quantitativa. Os exercicios envolvidos nos estudos
foram ciclo ergdbmetro, ergdmetro de bracos e corrida. Em relacdo a sintese quantitativa,
para o consumo maximo de oxigénio foram agrupados 168 sujeitos [DM, 95% IC: 0.86
(— 0.43 - 2.15), p: 0.19, e I?: 0%.]; para a frequéncia cardiaca foram agrupados 138
sujeitos [DM, 95% IC: 0.02 (— 3.19 - 3.22), p: 0.99, e I%: 0%]; e para avaliacio do esfor¢o
percebido foram agrupados 92 sujeitos [DM, 95% IC: — 0.12 (— 0.52 - 0.28), p: 0.56, e I:
27%.]. Nao foi encontrada melhora em nenhum dos desfechos analisados (DINARDI et
al., 2020).

Outra revisdo da literatura que abordou o uso de DNEs no exercicio fisico incluiu
17 estudos randomizados com adultos e adolescentes. Os exercicios envolvidos nos
estudos foram testes de corrida, bicicleta, ciclo ergometro, ergdmetro de brago,
anaerobicos e simulacao de jogos. Os desfechos analisados incluiram consumo maximo
de oxigénio, frequéncia cardiaca, avaliacdo do esforco percebido, esfor¢o respiratorio,
taxa de percepcao do esforgo em repouso, paténcia nasal, resisténcia nasal, area da valvula
nasal, volume nasal, frequéncia respiratoria, respiracdo nasal, ventilacdo nasal,
capacidade ventilatoria nasal, taxa de fluxo de ar nasal, ventilagio minuto, volume

corrente, troca respiratoria, trabalho muscular respiratorio, limiar de lactato sanguineo,
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capacidade anaerobica e desempenho em testes aerobicos. Os resultados apresentados se
mostraram controversos € incipientes. Os autores concluiram que os DNEs parecem Ttteis,
portanto, estudos adicionais envolvendo potenciais efeitos sobre o desempenho sdo
necessarios (DINARDI; ANDRADE; IBIAPINA, 2014).

Outra revisao da literatura cujo objetivo foi apresentar os estudos publicados e
avaliar os efeitos dos DNs quando usados em diferentes condicdes, incluiu 15 estudos
envolvendo seu uso em exercicios. Os participantes dos estudos foram sujeitos saudaveis,
ativos, estudantes, atletas e triatletas de resisténcia de elite, submetidos a testes de corrida
e em ciclo ergdbmetro. Os comparadores foram auséncia do uso de dilatadores, placebo e
outras intervengdes. Os desfechos encontrados foram consumo maximo de oxigénio,
consumo de oxigénio a 70%, consumo de oxigénio, avaliacao do esforgo percebido, taxa
de magnitude percebida do esforgo respiratdrio ao final, frequéncia cardiaca, tempo de
exercicio, duragdo do exercicio, tempo até fase anaerdbia, numero de tentativas,
velocidade da corrida, velocidade de pico, pico de poténcia de saida, poténcia de saida,
capacidade anaerobica, taxa de trabalho maxima, carga maxima, ventilagao, ventilagdo
maxima, respiracdo nasal, trabalho da respiracdo nasal, pico de fluxo aéreo nasal e
aumento da pressdo arterial sistolica. Os autores afirmaram que a efetividade dos DNs
varia muito entre os sujeitos. Durante o exercicio, os DNs atrasam o inicio da respira¢dao
oronasal e podem ter apenas pequenos efeitos no desempenho (ELLEGARD, 2006).

Um ensaio clinico randomizado recente ndo incluido nessas revisdes teve como
objetivo avaliar a funcdo nasal e a capacidade cardiorrespiratoria em adolescentes
saudaveis. Foram incluidos 71 sujeitos que realizaram um teste incremental maximo sob
duas condi¢des, com o uso de um dilatador nasal externo (DNE) (Clear Passage® Rio de
Janeiro, Brasil) e placebo. Os desfechos avaliados foram pico de fluxo inspiratorio nasal,
resisténcia nasal, consumo maximo de oxigénio e avaliagdo do esforco percebido. O uso
do DNE resultou em melhora significativa em todos os desfechos quando comparado ao
placebo (pico de fluxo inspiratorio nasal: 177.4 + 20.9 L/min e 172.8 + 20.2 L/min, p:
0.020; resisténcia nasal: 0.24 £ 0.16 ¢ 0.27 + 0.16, p: 0.007; consumo maximo de
oxigénio: 39.5 + 5.2 mL/kg. min-1 e 37.5 £ 5.2 mL/kg. min-1, p < 0.001; e avaliagdo do
esfor¢o percebido: 6.0 £2.2¢5.5+2.4, p <0.001) (FERREIRA et al., 2020).

Em um ensaio clinico randomizado recente ndo incluido nas revisdes supracitas
foram investigados os beneficios potenciais de um dilatador nasal interno (DNI) (Nas-
air® E.P. Medica, Fusignano, Italia) quando comparado a um DNE (Rinazina Breathe
Right® GSK Consumer Healthcare, Mildo, Itdlia) e a auséncia do uso de DN. Foram
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incluidos 19 atletas adultos de ambos os sexos e excluidos aqueles que apresentassem
problemas anatdémicos clinicamente relevantes, como desvio de septo muito grave e/ou
hipertrofia das conchas, sindrome da apneia obstrutiva do sono, distirbios e uso de
medicamentos que pudessem interferir nos achados. Os sujeitos foram submetidos a um
teste de corrida sob as trés condigoes (DNE, DNI e auséncia do uso de DN) com intervalo
de uma semana. Os resultados indicaram que o uso do DNI levou a redu¢do da percepgao
de fadiga (p: 0.000) e obteve melhores niveis de aceitacdo pelos atletas (p: 0.007). Nao
houve diferenca significativa entre os resultados obtidos para frequéncia cardiaca e nivel
de saturacao de oxigénio entre as trés condicdes de teste (GELARDI et al., 2019).

Os estudos que investigam os efeitos dos DNs nos exercicios fisicos envolvem
diferentes sujeitos, tipos de exercicio e desfechos. Dessa forma, os resultados sdo
conflitantes e incipientes. Dada a especificidade de cada esporte quanto aos aspectos
ventilatorios, fisioldgicos e metabdlicos, € necessario sistematizar dados sobre a eficacia
dos DNs para cada modalidade. O tamanho do efeito das intervencdes com diferentes
populacdes e métodos torna dificil interpretar e comparar os achados (HIGGINS et al.,
2019). Do conhecimento dos autores ndo foi localizado nenhuma revisao sobre a eficacia

do uso de DNs durante a corrida.



2 OBJETIVO

Verificar a eficacia do uso de DNs durante a corrida.
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3 METODOS

Trata-se de uma revisdo sistematica da literatura. O protocolo deste estudo foi
elaborado seguindo as recomendacdes Preferred Reporting Items for Systematic Reviews
and Meta-Analysis Protocols (PRISMA-P) (MOHER et al., 2015) e registrado no
International Register of Systematic Reviews (PROSPERO) (CRD42021225795). Este
estudo foi reportado seguindo as recomendacdes Preferred Reporting Items for

Systematic reviews and Meta-Analyses (PRISMA) (PAGE et al., 2021).

3.1 CRITERIOS DE ELEGIBILIDADE

Foi utilizada a estratégia PICOS com as seguintes caracteristicas: Populagao:
sujeitos saudaveis sem restri¢ao de sexo e idade; Intervencao: uso de DNs - dispositivos
mecanicos usados na superficie externa do nariz ou internamente na cavidade nasal, que
tenham como objetivo promover a dilatagdo nasal durante a corrida; Comparagdo:
auséncia de intervencdo (grupo controle), placebo, intervencdo minima, educacdo em
saude ou outra intervencdo; Desfechos: parametros cardiorrespiratorios e percepcdes
subjetivas de obstrucdo e paténcia nasal, esforgo, fadiga e dispneia; Desenho de estudo:
ensaios clinicos randomizados, ensaios clinicos randomizados de medidas repetidas ou
within-subjects design, publicados na integra e revisado por pares. Foram excluidos
estudos com o uso de DNs ndo mecanicos, farmacologicos, estudos que tiveram como
desfecho o efeito do uso de DNs no sono, ronco, gestagdo e qualquer tipo de neoplasia e

desvio de septo.

3.2 ESTRATEGIA DE BUSCA

As bases de dados utilizadas foram MEDLINE/OVID, EMBASE, CENTRAL The
Cochrane Library, CINAHL, SPORTDiscus, Web of Science, PEDro ¢ Scopus. A ltima
busca eletronica foi conduzida no dia oito de abril de 2021. As estratégias de busca foram
conduzidas sem restricdo de idioma ou ano de publicagdo. Os seguintes descritores
“Running”, “Nasal Dilator” e “Randomized Controlled Trial” e sindnimos foram
combinados usando o operador booleano “AND”. A estratégia de busca detalhada para

cada base de dados esta disponivel no APPENDIX A.
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3.3 SELECAO DOS ESTUDOS E EXTRACAO DOS DADOS

Os estudos identificados foram exportados para o Endnote X9 (Thomson Reuters,
Philadelphia, USA). Um revisor (SKSPG) removeu as duplicatas e exportou os estudos
para o aplicativo Rayyan QCRI (OUZZANI et al., 2016). Dois revisores independentes
(SKSPG e ROC) selecionaram os estudos por titulo e resumo, prosseguindo com anélise
textual completa e extracdo dos dados. Divergéncias foram equacionadas por um terceiro
revisor (DCF). Dados de gréficos foram extraidos através dos recursos disponibilizados
no endereco eletronico https://automeris.io/WebPlotDigitizer/. Foram extraidas
informagdes referentes ao autor, ano de publica¢do, tamanho da amostra, caracteristicas

da populacdo e da intervengao, desfechos e resultados.

3.4 AVALIACAO DO RISCO DE VIES

A avaliacdo do risco de viés foi conduzida usando a escala Physiotherapy
Evidence Database (PEDro) (MOSELEY et al., 2020) por dois revisores independentes

(SKSPG e ROC) e divergéncias foram equacionadas por um terceiro revisor (DCF).

3.5 METODOS DE SINTESE

A metanalise foi conduzida quando pelo menos dois estudos foram comparaveis
e reportada na forma de média da diferenga padronizada (tamanho de efeito) e intervalo
de confian¢a de 95%. O modelo de efeitos randomicos Der Simonian and Laird foi
utilizado. A heterogeneidade entre os estudos foi avaliada usando a estatistica /2. O nivel
de significancia adotado foi de 0.05. O software utilizado foi o StataMP 16 (StataCorp.
2019. Stata Statistical Software: Release 16. College Station, TX: StataCorp LLC).

3.6 AVALIACAO DE CERTEZA DAS EVIDENCIAS

A avaliagdo de certeza das evidéncias foi feita através da abordagem Grading of
Recommendations Assessment, Development and Evaluation (GRADE) (GRADEpro
GDT: GRADEpro Guideline Development Tool [Software]. McMaster University, 2020
(developed by Evidence Prime, Inc.). Available from gradepro.org.) para todos os

desfechos e comparacdes incluidos na metanalise. Essa abordagem avalia a qualidade da
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evidéncia em em alta, moderada, baixa e muito baixa considerando os métodos dos
estudos, a consisténcia e a precisdo dos resultados, o direcionamento da evidéncia, o
tamanho da amostra, a medida sumaria da metanalise e outras considera¢des, como o Viés
de publicagdo. Inicialmente a evidéncia ¢ classificada como alta e ¢ rebaixada de acordo

com critérios objetivos e subjetivos (GUYATT et al., 2008).
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4 RESULTADOS E DISCUSSAO

4.1 ARTIGO CIENTIFICO

Os resultados e discussdo estdo apresentados no formato de artigo cientifico, que
serd submetido ao periddico Journal of Sports Science com o titulo “Effectiveness of the
nasal dilator in running: a systematic review and meta-analysis”. A escrita na lingua

inglesa foi editada pela empresa Editage (www.editage.com) (ANEXO A).

Title: Effectiveness of the nasal dilator in running: a systematic review and meta-analysis
Authors: Suellen Karla Silva Pereira Gomes, BsC'; Raphael Oliveira Caetano, BsC!;
José Elias Filho, MsC!?; Carla Malaguti, PhD!; Christiano Vieira da Silva, BsC!; Luiz
Hespanhol, PhD**; Diogo Carvalho Felicio, PhD'.
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2. Programa de P6s Graduagdo em Educacgdo Fisica, Faculdade de Educacdo Fisica da
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3. Programas de Mestrado e Doutorado em Fisioterapia da Universidade Cidade de Sao
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ABSTRACT

Nasal dilators were created to expand the nasal valve area. The aim of this systematic
review was to verify the effectiveness of using nasal dilators during running. This study
was registered in PROSPERO. According to the PICOS strategy studies were included:
Population: healthy subjects; Intervention: nasal dilators; Comparison: control group,
placebo, minimal intervention, health education or other intervention; Outcomes:
cardiorespiratory parameters and subjective perceptions; Study: randomized controlled
trials, repeated measures or within-subjects design. The databases searched were
MEDLINE, EMBASE, CENTRAL The Cochrane Library, CINAHL, SPORTDiscus,
Web of Science, PEDro and Scopus. The descriptors “Running”, “Nasal Dilator” and
“Randomized Controlled Trial” were used. The risk of bias was assessed using the PEDro
scale. The Der Simonian and Laird random effects model was used. The assessment of
the certainty of the evidence was carried out using the GRADE approach. Eleven articles
were included. There was a difference in favor of the nasal dilator when compared to
placebo for maximal oxygen uptake [95% CI: 0.34 (0.12 - 0.56)] and rating of perceived
exertion [95% CI: -0.27 (-0.51 - -0.03)]. The certainty of the evidence was very low.

Future studies will probably have an impact on estimation of the effect.

Keywords. Nasal dilator. Nasal valve. Running. Systematic review. Meta-analysis.

INTRODUCTION

The factor that primarily contributes to airway resistance is its diameter
(DALLAM; KIES, 2020). The nasal valve is a structure located approximately one
centimeter from the nasal orifice and is responsible for about 50 to 60% of total airway

resistance in the respiratory tract as it is the narrowest passage of the nose, and tends to
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collapse during inspiration, increasing resistance to the passage of air (DINARDI;
ANDRADE; IBIAPINA, 2014; ELLEGARD, 2006).

In healthy individuals, breathing at rest is predominantly through the nose. During
moderate to intense exercise, pulmonary ventilation is 10 to 20 times greater than at rest,
making nasal breathing uncomfortable, therefore, mouth breathing becomes the main
means of air passage. (POWERS; HOWLEY, 2017). Small changes in the diameter of
the nasal valve region results in significant changes in airflow. Thus, nasal dilators (NDs)
were created to expand the nasal valve area and ensure better nasal patency in a non-
pharmacological manner (DINARDI; ANDRADE; IBIAPINA, 2014).

Studies were conducted to verify the effectiveness of ND in healthy people,
pregnant women as well as in cases of nasal congestion, allergic reactions, sleep
disorders, cancer, and physical exercise performance (DINARDI; ANDRADE;
IBIAPINA, 2014; DINARDI et al., 2020; ELLEGARD, 2006). The use of NDs can
increase exercise intensity by reducing exercise-induced bronchoconstriction and
improving respiratory efficiency (DALLAM; KIES, 2020).

Studies investigating the effects of ND use on athletes' performance involve
different subjects, types of exercise, and outcomes. Thus, the results are conflicting
(DINARDI; ANDRADE; IBIAPINA, 2014; DINARDI et al., 2020; ELLEGARD, 2006;
FERREIRA et al., 2020; GELARDI et al., 2019). Given the specificity of each sport in
terms of ventilatory, physiological, and metabolic aspects, it is necessary to systematize
data on the effectiveness of the ND for each modality. The variable effect sizes of
interventions with different populations and methods makes it difficult to interpret and
compare the findings (HIGGINS et al., 2019). To the authors' knowledge, no review on
the effectiveness of using NDs during running has been performed. Therefore, this study

aimed to verify the effectiveness of using NDs during running.

METHODS

This study is a systematic review. The study protocol adhered to the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis Protocols (PRISMA-P)
(MOHER et al., 2015) and was prospectively registered in the International Register of
Systematic Reviews (PROSPEROQO) (CRD42021225795). This study was reported
following the PRISMA recommendations (PAGE et al., 2021). The flow chart was
prepared according to the previous version of PRISMA (MOHER et al., 2009).
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Eligibility criteria

The PICOS strategy was used to define the research question: Population: healthy
subjects without sex and age restrictions; Intervention: use of NDs - mechanical devices
used on the external surface of the nose or internally in the nasal cavity, which aim to
promote nasal dilatation during running; Comparison: control group (no intervention),
placebo, minimal intervention, health education or other intervention; Outcomes:
cardiorespiratory parameters and subjective perceptions of nasal obstruction and patency,
exertion, fatigue, and dyspnea; Study: randomized clinical trials, randomized clinical
trials of repeated measures or within-subjects design, published in full and peer reviewed
journals. Studies that used non-mechanical NDs, pharmacological NDs, studies whose
outcomes were the effects of NDs on sleep, snoring, pregnancy, any type of neoplasm

and septal deviation were excluded.

Search strategy

The following databases were searched up to 8 April, 2021: MEDLINE/OVID,
EMBASE, CENTRAL The Cochrane Library, CINAHL, SPORTDiscus, Web of Science,
PEDro, and Scopus. Search strategies were conducted without restrictions on language or
year of publication. The key-words “Running”, “Nasal Dilator” and “Randomized
Controlled Trial” were combined using the boolean operator “AND”. The detailed search

strategy for each base is presented in APPENDIX A.

Study selection and data extraction

The identified studies were exported to Endnote X9 (Thomson Reuters,
Philadelphia, USA). A reviewer (SKSPG) removed the duplicates and exported the
studies to the Rayyan QCRI application (OUZZANI et al., 2016). Two independent
reviewers (SKSPG and ROC) selected the studies according to title and abstract,
proceeding with full textual analysis and data extraction. Disagreements were resolved
by a third reviewer (DCF). Plot data were extracted using the resources available at

https://automeris.io/WebPlotDigitizer/. Information regarding the author, year of
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publication, sample size, population and intervention characteristics, outcomes, and

results were extracted.

Risk of bias assessment

The risk of bias assessment was conducted using the Physiotherapy Evidence
Database (PEDro) scale which has 11 domains, of which 10 are scored. The higher the
score, the lower the risk of bias (MOSELEY et al., 2020). The assessment was carried out
by two independent reviewers (SKSPG and ROC) and disagreements were resolved by a

third reviewer (DCF).

Synthesis methods

Meta-analysis was conducted when at least two studies were comparable and
reported as the standardized mean of difference (effect size) and 95% confidence interval
(CI). Random effects Der Simonian and Laird model were used. We assessed statistical
heterogeneity among studies using I statistics. The significance level was set at p < 0.05.
Statistical analyses were performed using StataMP 16 (StataCorp. 2019. Stata statistical
software: Release 16 College Station, TX, StataCorp LLC).

Certainty assessment of the evidence

The assessment of the certainty of the evidence was performed using the Grading
of Recommendations Assessment approach, Development and Evaluation (GRADE)
(GRADEpro GDT: GRADEpro Guideline Development Tool [Software]. McMaster
University, 2020 (developed by Evidence Prime, Inc.). Available from gradepro.org.), for
all outcomes and comparisons included in the meta-analysis. This approach assesses the
quality of evidence in high, moderate, low, and very low considering the methods of the
studies, the consistency and precision of the results, the direction of the evidence, sample
size, a summary measure of the meta-analysis and other considerations, as the publication
bias. Initially, the evidence is classified as high and is downgraded according these

criteria (GUYATT et al., 2008).

RESULTS
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Study selection

We identified 3748 potentially relevant publications and, after removing
duplicates, 3117 remained. After screening the titles and abstracts, we assessed the full
texts of 31 publications. Twenty publications were excluded for different reasons. We

included 11 studies, as shown in the PRISMA flow chart (Fig. 1).



Records identified through database

searching
(n=13747)

Medline Ovid: 57
Embase: 1666
CENTRAL: 200
CINAHL: 44
SPORTDiscus: 139
Web of Science: 532
PEDro: 363
Scopus: 746

31

Additional records identified
through other sources

(n=1)

l

l

Records after duplicates removed

(n=3117)

Figure 1. PRISMA flow chart
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Full-text articles assessed .
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Studies included in
qualitative synthesis
(n=11)

l

Studies included in
quantitative synthesis
(meta-analysis)
(n=7)

Not published in full in a
journal (n=7)

Non-randomized study
(n=1)

Master's thesis (n= 1)
Review (n=1)

Did not involve running
test (n = 10)
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Study characteristics

The number of participants ranged from 9 (CASE et al., 1998) to 71 (FERREIRA
et al., 2020) with a higher proportion of men (CASE et al., 1998; DINARD et al., 2016;
DINARDI; ANDRADE; IBIAPINA, 2017; FERREIRA et al., 2020; MACFARLANE;
FONG, 2004; OTTAVIANO etal.,2017; OVEREND et al., 2000; THOMAS et al., 2001)
and young people (DINARDI; ANDRADE; IBIAPINA, 2013, 2017; DINARDI et al.,
2016; FERREIRA et al., 2020; MACFARLANE; FONG et al., 2004). The main running
test used was the maximal incremental test (CHINEVERE; FARIA, E.; FARIA, 1., 1999;
DINARDI; ANDRADE; IBIAPINA, 2017; FARIA, E.; FOSTER; FARIA, 1., 2000;
FERREIRA et al., 2020; MACFARLANE; FONG et al., 2004; OTTAVIANO et al.,
2017; OVEREND et al., 2000; THOMAS et al., 2001) and the most investigated ND was
the external ND Breathe Right® (CASE et al., 1998; CHINEVERE; FARIA, E.; FARIA,
LI, 1999; MACFARLANE; FONG, 2004; OTTAVIANO et al., 2017; OVEREND et al.,
2000; THOMAS et al., 2001), the main outcomes investigated was the maximal oxygen
uptake (VOomax) (CASE et al., 1998; CHINEVERE; FARIA, E.; FARIA, 1., 1999;
DINARDI; ANDRADE; IBIAPINA, 2013, 2017; DINARDI et al., 2016; FERREIRA et
al., 2020; OTTAVIANO et al., 2017) and heart rate (HR) (CASE et al., 1998;
CHINEVERE; FARIA, E.; FARIA, L., 1999; DINARDI; ANDRADE; IBIAPINA, 2013;
DINARDI et al., 2016; OTTAVIANO et al., 2017; OVEREND et al., 2000; THOMAS et
al., 2001). The characteristics and main findings of the included studies are summarized

in Table 1.
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Risk of bias assessment
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The most common methodological limitations were related to allocation
concealment (CASE et al., 1998; CHINEVERE; FARIA, E.; FARIA, L., 1999; DINARDI;
ANDRADE; IBIAPINA, 2013, 2017; DINARDI et al., 2016; FARIA, E.; FOSTER;
FARIA, L et al, 2000; FERREIRA et al.,, 2020; MACFARLANE; FONG, 2004;
OTTAVIANO etal., 2017; OVEREND et al., 2000; THOMAS et al., 2001), and blinding
of the therapists and assessors (CASE et al., 1998; CHINEVERE; FARIA, E.; FARIA, 1.,
1999; FARIA, E.; FOSTER; FARIA, 1., 2000; MACFARLANE; FONG, 2004;

OTTAVIANO et al., 2017; OVEREND et al., 2000; THOMAS et al., 2001) (Table 2).

Table 2. Risk of bias according to the PEDro scale

Study 1
Case 1998 +
Chinevere 1999 +
Dinardi 2013 +
Dinardi 2016 +
Dinardi 2017 +
Faria 2000 +
Ferreira 2020 +
Macfarlane 2004 +
Ottaviano 2017 +
Overend 2000 +
Thomas 2001 +

N T T e T T )

+

3

+ o+ o+ o+ o+ o+ o+ o+ o+ s

+

+ 4+ o+ +

+

+

+ o+ o+

+ + o+

+

+

—_
=

+ 4+ o+ o+ o+ o+ o+ o+ o+

+

—_—
[am—y

+ o+ + + o+ o+ A+ o+ o+ o+

+

Total

LN O 9 9 & 0 0 9 N

7

1 eligibility criteria were specified; 2 subjects were randomly allocated to groups; 3
allocation was concealed; 4 the groups were similar at baseline regarding the most
important prognostic indicators; 5 there was blinding of all subjects; 6 there was
blinding of all therapists who administered the therapy; 7 there was blinding of all
assessors who measured at least one key outcome; 8 measures of at least one key
outcome were obtained from more than 85% of the subjects initially allocated to groups;
9 all subjects for whom outcome measures were available received the treatment or
control condition as allocated or, where this was not the case, data for at least one key
outcome was analysed by “intention to treat”; 10 the results of between-group statistical
comparisons are reported for at least one key outcome; 11 the study provides both point
measures and measures of variability for at least one key outcome.

Studies included on meta-analysis
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Five studies were included in the meta-analysis that assessed VO2max, three that
compared intervention and placebo (DINARDI; ANDRADE; IBIAPINA, 2013, 2017;
FERREIRA et al., 2020) and two that compared intervention and control (CHINEVERE;
FARIA, E.; FARIA, L., 1999; OTTAVIANO et al., 2017). The first comparison involved
154 subjects and showed significantly higher VO.max when using NDs when compared
to placebo [effect size, 95% CI: 0.34 (0.12 - 0.56), p: 0.00, and /%: 0%] (Fig. 2). A second
comparison involved 23 subjects and revealed no significant difference between groups

[effect size, 95% CI: 0.16 (-0.39 - 0.72), p: 0. 57 and /% 0%] (Fig. 3).

Maximal Oxygen Uptake

Nasal dilator Placeblo Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Dinardi 2013 48 53 4.2 48 512 55 —— 0.36[ -0.04, 0.77] 31.15
Dinardi2017 35 36.1 9.1 35 34 9.2 — 0.23[ -0.24, 0.69] 23.09
Ferreira2020 71 395 52 71 375 52 —B— 0.38[ 0.05, 0.71] 45.76
Overall - 0.34[ 0.12, 0.56]

Heterogeneity: 1= 0.00, I = 0.00%,
Test of 6, = 6;: Q(2) = 0.31, p = 0.86
Testof 6 =0:z=2.99, p=0.00

-5 0 5 1

Random-effects DerSimonian-Laird model Placebo Nasal dilator

Figure 2. Forest plot for maximal oxigen uptake, nasal dilator versus placebo.

Maximal Oxygen Uptake

Nasal dilator Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Chinevere 1999 10 509 11.1 10 484 11.8 L 0.21[ -0.63, 1.05] 43.93
Ottaviano 2017 13 552 6.6 13 54.3 7 B 0.13[ -0.62, 0.87] 56.07
Overall e 0.16 [ -0.39, 0.72]

Heterogeneity: > = 0.00, I = 0.00%
Test of 6= 6;: Q(1) = 0.02, p = 0.89
Testof 6 =0:z=0.57, p =0.57

T T T
5 0 5 1

Random-effects DerSimonian-Laird model Control Nasal dilator

Figure 3. Forest plot for maximal oxigen uptake, nasal dilator versus control.

Five studies evaluated the rating of perceived exertion (RPE), three compared
intervention and placebo (DINARDI; ANDRADE; IBIAPINA, 2017; FERREIRA et al.,
2020; MACFARLANE; FONG, 2004) and three compared intervention and control
(CHINEVERE; FARIA, E.; FARIA, 1., 1999; MACFARLANE; FONG, 2004;
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OVEREND et al., 2000). The first comparison involved 136 subjects and showed
significantly lower RPE using NDs compared to placebo [effect size, 95% CI: -0.27 (-
0.51 - -0.03), p: 0.03, and /% 0%)] (Fig. 4). The second comparison involved 59 subjects
and showed no significant difference between groups [effect size, 95% CI: -0.34 (-0.69 -
0.02), p: 0.06, and 1% 0%] (Fig. 5).

Rating of Perceived Exertion

Nasal dilator Placebo Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Dinardi 2017 35, 72 135 75 12 —a— -0.27[ -0.73, 0.20] 25.88
Ferreira 2020 71 55 24 71 6 22 — — -0.22[ -0.54, 0.11] 52.08
Macfarlane 2004 30 7.96 .71 30 826 .79 — W — -0.39[ -0.90, 0.11] 22.04
Overall > -0.27[ -0.51, -0.03]

Heterogeneity: =0.00, I = 0.00%
Test of ;= 6;: Q(2) = 0.34, p=0.84
Testof 6 =0:z=-2.23,p=0.03

-1 -5 0 5

Random-effects DerSimonian-Laird model Nasal dilator Placebo

Figure 4. Forest plot for rating of perceived exertion, nasal dilator versus placebo.

Rating of Perceived Exertion

Nasal dilator Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Chinevere 1999 10 104 .3 10 104 .2 * 0.00[ -0.84, 0.84] 18.06
Macfarlane 2004 30 7.96 .71 30 829 .62 —J}—— -0.49[ -1.00, 0.02] 49.48
Overend 2000 19 155 36 19 165 3 —l—F— -0.30[ -0.92, 0.33] 32.46
Overall e a—— -0.34[ -0.69, 0.02]

Heterogeneity: = 0.00, I>=0.00%
Test of 6, = 6;: Q(2) = 0.98, p = 0.61
Testof 6=0:z=-1.86, p =0.06

-1 -5 0 5 1

Random-effects DerSimonian-Laird model Nasal dilator Control

Figure 5. Forest plot for rating of perceived exertion, nasal dilator versus control.

Three studies evaluated the HR (CHINEVERE; FARIA, E.; FARIA, 1., 1999;
OTTAVIANO et al., 2017; OVEREND et al., 2000). The outcome was assessed in 42
subjects in which no statistically significant difference was observed [effect size, 95% CI:
0.15 (-0.26 - 0.57), p: 0.47, and I 0%] (Fig. 6). Two studies evaluated the respiratory
exchange ratio (RER) (CHINEVERE; FARIA, E.; FARIA, L., 1999; OTTAVIANO et al.,

2017). The outcome was assessed in 23 subjects in which no statistically significant
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difference was found [effect size, 95% CI: -0.06 (-0.62 - 0.5), p: 0.83, and I%: 0%] (Fig.
7). Three studies evaluated the exercise time (CHINEVERE; FARIA, E.; FARIA, 1.,
1999; OTTAVIANO et al., 2017; OVEREND et al., 2000). The outcome was assessed in
42 subjects in which no statistically significant difference was found [effect size, 95% CI:

0.08 (-0.34 - 0.49), p: 0.71, and I% 0%] (Fig. 8).

Heart Rate
Nasal Dilator Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Chinevere 1999 (bmp) 10 191 7 10 191 5 ‘ 0.00[ -0.84, 0.84] 24.55
Ottaviano 2017 (bpm) 13 181.1 10 13 179.2 124 | 0.16 [ -0.58, 0.91] 31.11
Overend 2000 (bpm) 19 189 8 19 187 9 —Jl—— 0.23[ -0.39, 0.85] 44.34
Overall —~i— 0.15[ -0.26, 0.57]
Heterogeneity: =0.00, I’ = 0.00%
Test of 6, = 8;: Q(2) = 0.19, p = 0.91
Testof 6=0:2=0.72, p =047
-1 -5 0 5 1
Randome-effects DerSimonian-Laird model Nasal dilator Control

Figure 6. Forest plot for heart race, nasal dilator versus control.

Respiratory Exchange Ratio

Nasal dilator Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Chinevere 1999 10 1.22 .16 10 1.24 .11 | -0.14[ -0.98, 0.70] 43.96

Ottaviano 2017 13 12 .07 13 1.2 .06 0.00[ -0.74, 0.74] 56.04
Overall ~L -0.06 [ -0.62, 0.50]

Heterogeneity: 1=0.00, I° = 0.00%
Test of 6, = 6;: Q(1) = 0.06, p = 0.81
Testof 6 =0:z=-0.22, p=0.83

-1 -5 0 5 1

. . . N | dilat Control
Random-effects DerSimonian-Laird model asal driator ontro

Figure 7. Forest plot for respiratory exchange ratio, nasal dilator versus control.
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Exercise Time

Nasal dilator Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Chinevere 1999 10 17 3 10 166 24 L 0.14[ -0.70, 0.98] 24.41
Ottaviano 2017 13 11.54 1.51 13 1145 1.52 0.06 [ -0.69, 0.80] 31.11
Overend 2000 19 834 152 19 8.25 1.44 0.06[ -0.56, 0.68] 44.48
Overall 0.08[ -0.34, 0.49]

Heterogeneity: 1° = 0.00, I” = 0.00%
Test of 6, = 6;: Q(2) = 0.03, p = 0.99
Testof0=0:z=0.37,p=0.71

-5 0 5 1

Random-effects DerSimonian-Laird model Nasal dilator Control

Figure 8. Forest plot for exercise time, nasal dilator versus control.

Certainty assessment of the evidence

The GRADE assessment (GRADEpro GDT: GRADEpro Guideline Development
Tool [Software]. McMaster University, 2020 (developed by Evidence Prime, Inc.).
Available from gradepro.org.) showed very low quality of evidence for all outcomes and
comparisons included in the meta-analysis. All studies were downgraded because of the
risk of bias, imprecision, and publication bias. The reasons for the downgrade were the
following (1) risk of bias: one level when the mean score of the studies involved in the
comparison was between 6 to 8. Two levels when this score was less than 6, according to
the PEDro scale (CASHIN; MCAULEY, 2020); (2) imprecision: one level when the
sample size was less than 200 for each group; (3) publication bias: classified as strongly

suspected, due to the possibility that there are studies that were not identified in our search
(Table 3).
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DISCUSSION

This systematic review aimed to verify the effectiveness of using NDs during
running. Eleven articles were eligible, and it was possible to summarize information
regarding VO,max, RPE, HR, RER, and exercise time in the meta-analysis. The results
showed a significant difference with small effect size in favor of the ND, when compared
to the placebo for the VO2max and RPE outcomes. During running, the nasal valve tends
to collapse during inspiration, further increasing the resistance to air passage
(ELLEGARD, 2006). Small changes in the nasal valve diameter produce an increase in
the nasal cross-sectional area, decreased airway resistance, and increased nasal airflow
peak, which may justify the results (DINARDI; ANDRADE; IBIAPINA, 2014). On the
other hand, there was no significant difference between the use of NDs when compared
to the control for the outcomes VOmax, RPE, HR, RER, and exercise time. These
comparisons involved studies with a higher risk of bias and a smaller number of subjects
when compared to the one mentioned above. Although the external ND has a low cost
and risk, several investigations have provided contradictory results that raises doubts
about its effectiveness (CASE et al., 1998; DINARDI et al., 2016; FARIA, E.; FOSTER;
FARIA, L. et al., 2000; THOMAS et al., 2001). The GRADE assessment (GRADEpro
GDT: GRADEpro Guideline Development Tool [Software]. McMaster University, 2020
(developed by Evidence Prime, Inc.). Available from gradepro.org.) showed very low
certainty of the evidence for all outcomes and comparisons included in the meta-analysis
which means that future studies will have an important impact on the confidence in the
effect estimate.

The strengths of this study include the fulfillment of recommendations for
conducting systematic reviews both for the drafting of the protocol (PRISMA-P)
(MOHER et al., 2015) and for the drafting of the article (PRISMA) (PAGE et al., 2021).
In addition, the clinical question was guided by the PICOS framework, and the
researchers carried out a prospective publication of the protocol in PROSPERO. A
sensitive literature was conducted, covering the main databases related to the topic, and
three independent reviewers were involved in the processes of selection, data extraction,
and analysis of the risk of bias. The use of the GRADE (GRADEpro GDT: GRADEpro
Guideline Development Tool [Software]. McMaster University, 2020 (developed by

Evidence Prime, Inc.). Available from gradepro.org.) approach was noteworthy. Among
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the weaknesses, the inclusion of only fully published and peer-reviewed studies stands
out, which excludes, for example, conference abstracts and gray literature.

From the authors' knowledge, this review was the first to investigate the
effectiveness of using NDs during running. Previous reviews included different sports
modalities. DINARDI et al. (2020) conducted a systematic review to investigate the
effects of external NDs during physical exercise. Nineteen randomized and non-
randomized controlled clinical trials were included in the qualitative synthesis and 14 in
the quantitative synthesis. The exercises involved in the studies were a cycle ergometer,
arm ergometer, and running. There was no significant difference for VO2max [MD, 95%
CIL: 0.86 (- 0.43 - 2.15), p: 0.19, 1% 0% and N: 168], HR [MD, 95% CI: 0.02 (-3.19 - 3.22),
p:0.99, I7: 0% and N: 138] and RPE [MD, 95% CI: - 0.12 (- 0.52 - 0.28), p: 0.56, I*: 27%
and N: 92] (DINARDI et al., 2020). Another literature review that addressed the use of
external NDs in physical exercise included 17 randomized studies with adults and
adolescents. The participants were subjected to tests such as running, bicycle, cycle
ergometer, arm ergometer, anaerobic tests, and simulation of game periods. The authors
concluded that NDs seem useful, therefore, further studies involving potential effects on
performance are needed (DINARDI; ANDRADE; IBIAPINA, 2014). Another literature
review aimed to present published studies and evaluate the effects of NDs when used
under different conditions included 15 studies involving their use in exercise. Study
participants were healthy, active subjects, students, elite endurance athletes and triathletes
underwent running and cycle ergometer tests. The authors affirm that the effectiveness of
NDs varies greatly among subjects. During exercise, NDs delay the onset of oronasal
breathing and can have small effects on performance (ELLEGARD, 2006). Only one of
the reviews cited provides information about search sensitivity and performed
quantitative analysis (DINARDI et al., 2020). In addition, all the reviews mentioned
differ from ours regarding the objective, type of subjects and physical exercises involved.
Despite involving running tests, no subgroup analysis was conducted. These factors make
it difficult to compare the findings.

External NDs appear to be effective in improving VO,max and RPE in adolescents
during running. In addition, NDs are inexpensive and risky and can provide respiratory
comfort during running. We encourage researchers and clinicians to further investigate
its effectiveness in research and clinical practice.

Future controlled clinical trials regarding the effectiveness of NDs in running

should include sample size calculation, validated and reproducible outcomes, and similar
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to those already published in other studies to allow the compilation of findings. In
addition, a more detailed description of the methods to enable the replication of the study
is suggested, as well as controlling biases such as secret alocation of participants and

blinding of those involved in the study.

CONCLUSION

NDs appear to be effective in improving VO2max and RPE compared to the
placebo. There was no significant difference between the use of NDs when compared to
the control for the outcomes VO2max, RPE, HR, RER, and exercise time. These findings
should be interpreted with caution, as the results of the meta-analysis showed a small
effect size, and the certainty of evidence was very low. Data on the topic are incipient,

and future studies will probably have an impact on estimation of the effect.
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APPENDIX A - Search strategy

Search Strategy for MEDLINE (OVID):

Part A: Specific search for population
exp running/

exp jogging
marathon.mp.
marathoner.mp.
ultramarathon.mp.
exp athletes/
military.mp.

exp sports/

. physical exercise.mp.
10. aerobic exercise.mp.
11. exercise training.mp.
12. or/1-11

AP IEARE A ol ol

Part B: Specific search for intervention
13. nasal dilation*.mp.
14. nasal dilator*.mp.

15. nostril.mp.

16. nasal airway.mp.

17. nasal blockage.mp.
18. exp nasal cavity/

19. nasal congestion.mp.
20. nasal device.mp.

21. exp nasal obstruction/
22. nasal resistance.mp.
23. nasal valve.mp.

24. nasal valvular.mp.

25. nasal breathing.mp.



26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

nose-breathing.mp.
oronasal breathing.mp.

exp mouth breathing/
airplus.mp.

breathe right.mp.

breathe right nasal strip.mp.
clear passage.mp.

clip nasal dilator.mp.
intranasal alaxolito plus.mp.
master-aid rollflex.mp.
max-air.mp.

nasal splinting.mp.

nasal stent®*.mp.

nasal strip.mp.
nozovent.mp.

turbine internal.mp.
or/13-41
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Part C: Generic search for randomized controlled trials and controlled clinical trials

43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.

randomized controlled trial.pt.
controlled clinical trial.pt.
comparative study.pt.

clinical trial.pt.

randomized.ab.

placebo.ab,ti.

drug therapy.fs.

randomly.ab,ti.

trial.ab,ti.

groups.ab,ti.

Crossover.mp.

Within-participant repeated measures
Within-participant

within subject factor*

repeated measure™ design*

repeated measures experimental study
Within participant repeated measure*
within subject factor*

or/43-60

(animals not (humans and animals)).sh.

61 not 62

Results

64.

12 and 42 and 63



Search Strategy for EMBASE:
Part A: Specific search for population

1. running/br
jogging/br
ultramarathon/br
marathon/br
marathoner:all
athlete/br
military:all
sport/br

. exercise/br

10. or/1-9

00N AW

Part B: Specific search for intervention
11. dilation:all

12. nasal dilations:all

13. nasal dilator/br

14. nasal dilators:all

15. nostril/br

16. nasal dilation:all

17. nasal blockage/br

18. nasal cavity:all

19. nasal congestion:all
20. nasal device:all

21. nasal obstruction:all
22. nasal resistance:all
23. nasal splinting:all

24. nasal stent/br

25. nasal stents:all

26. nasal stenting:all

27. nasal strip:all

28. nasal valve:all

29. nasal valvular:all

30. nasal airway:all

31. nasal breathing:all
32. oronasal breathing:all
33. nose breathing/br

34. mouth breathing/br
35. airplus:all

36. breathe right:all

37. breathe right nasal strip:all
38. clear passage:all

39. clip nasal dilator:all
40. intranasal alaxolito plus:all

52
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41. master-aid rollflex:all
42. max-air:all

43. nozovent:all

44. turbine internal:all
45. or/11-44

Part C: Generic search for randomized controlled trials and controlled clinical trials
46. randomized controlled trial/br

47. controlled clinical trial/br

48. comparative study/br

49. clinical trial/br

50. randomized:all

51. placebo/br

52. randomly:all

53. trial /br

54. groups:all

55. Crossover:all

56. Within-participant repeated measures:all
57. Within-participant:all

58. within subject factor*:all

59. repeated measure® design*:all

60. repeated measures experimental study:all
61. Within participant repeated measure*:all
62. within subject factor*:all

63. or/46-62

Results
64. 10 and 45 and 63

Search Strategy for CENTRAL - ONLINE (COCHRANE LIBRARY):
Part A: Specific search for population

#1 MeSH descriptor: [Running] explode all trees
# 2 MeSH descriptor: [Jogging] explode all trees
# 3 marathon

# 4 marathoner

#5 ultramarathon

#6 MeSH descriptor: [Athletes] explode all trees
#7 military

#8 MeSH descriptor: [Sports] explode all trees
#9 physical exercise

#10 aerobic exercise

#11 exercise training

#12 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11)
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Part B: Specific search for intervention

#13 nostril

#14 nasal dilator

#15 nasal dilation

#16 nasal blockage

#17 MeSH descriptor: [Nasal Cavity] explode all trees

#18 nasal congestion

#19 nasal device

#20 MeSH descriptor: [Nasal Obstruction] explode all trees
#21 nasal resistance

#22 nasal splinting

#23 nasal stent

#24 nasal stenting

#25 nasal stents

#26 nasal strip

#27 nasal valve

#28 nasal valvular

#29 nasal airway

#30 nasal breathing

#31 oronasal breathing

#32 nose breathing

#33 MeSH descriptor: [Mouth Breathing] explode all trees
#34 airplus

#35 breathe right

#36 breathe right nasal strip

#37 clear passage

#38 clip nasal dilator

#39 intranasal alaxolito plus

#40 master-aid rollflex

#41 max-air

#42 nozovent

#43 turbine internal

#44 (#13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR
#23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33
OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43)

Results
#45 (#12 AND #44)

Search Strategy for CINAHL:

Part A: Specific search for population
S1 (MH "Running+")

S2 (MH "Jogging")

S3 "marathon"
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S4 "marathoner"

S5 "ultramarathon"

S6 (MH "Athletes+")

S7 "military"

S8 (MH "Sports+")

S9 "physical exercise"

S10 (MH "Aerobic Exercises+")

S11 "exercise training"

S12 (ST OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11)

Part B: Specific search for intervention

S13 "nostril"

S14 "nasal dilator"

S15 "nasal dilation"

S16 "nasal blockage"

S17 (MH "Nasal Cavity")

S18 "nasal congestion"

S19 "nasal device"

S20 (MH "Nasal Obstruction")
S21 "nasal resistance"

S22 "nasal splinting"

S23 "nasal stenting"

S24 "nasal stent"

S25 "nasal stents"

S26 (MH "Nasal Strips")

S27 "nasal valve"

S28 "nasal valvular"

S29 "nasal airway"

S30 "nasal breathing"

S31 "oronasal breathing"

S32 (MH "Mouth Breathing")
S33 "nose breathing"

S34 "airplus"

S35 "breathe right"

S36 "breathe right nasal strip"
S37 "clear passage"

S38 "clip nasal dilator"

S39 "intranasal alaxolito plus"
S40 "master-aid rollflex"

S41 "max-air"

S42 "nozovent"

S43 "turbine internal"

S44 (S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22
OR S23 OR S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR S30 OR S31 OR S32 OR
S33 OR S34 OR S35 OR S36 OR S37 OR S38 OR S39 OR S40 OR S41 OR S42 OR
S43)

Results
S45 (S12 AND S44)
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Search Strategy for SPORTDiscus
Part A: Specific search for population

S1 Running OR jogging OR physical exercise OR aerobic exercise OR exercise training
OR sports OR athlete OR military OR marathon OR marathoner OR ultramarathon

Part B: Specific search for intervention

S2 Airplus OR breathe right OR breathe right nasal strip OR Clear Passage OR clip nasal
dilator OR external nasal dilation OR external nasal dilations OR external nasal dilator
OR external nasal dilators OR intranasal AlaxoLito plus nasal stent OR Master-aid
Rollflex OR Max-Air OR nasal dilator OR mouth breathing OR nasal airway OR nasal
blockage OR nasal breathing OR Nasal cavity OR nasal congestion OR nasal device OR
nasal dilation OR nasal dilator OR nasal obstruction OR nasal resistance OR nasal
splinting OR nasal stent OR nasal stenting OR nasal stents OR nasal strip OR nasal valve
OR nasal valvular OR nose-breathing OR nostril OR nozovent OR nasal obstruction OR
oronasal breathing OR Turbine internal

Results
S3 (S1 AND S2)

Search Strategy for Web of Science:
Part A: Specific search for population

1. running

jogging
marathon
marathoner
ultramarathon
athlete

military

sports

. physical exercise
10. aerobic exercise
11. exercise training
12. or/1-11

o

Part B: Specific search for intervention
13. nostril

14. nasal dilator

15. nasal dilation

16. nasal blockage
17. nasal cavity

18. nasal congestion
19. nasal device

20. nasal obstruction
21. nasal resistance
22. nasal splinting
23. nasal stent



24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

nasal stenting
nasal stents

nasal strip

nasal valve

nasal valvular
nasal airway

nasal breathing
oronasal breathing
nose-breathing
mouth breathing
airplus

breathe right
breathe right nasal strip
clear passage

clip nasal dilator
intranasal alaxolito plus
master-aid rollflex
max-air

nozovent

turbine internal
or/13-43
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Part C: Generic search for randomized controlled trials and controlled clinical trials

45

46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.

. randomized controlled trial/br
controlled clinical trial/br

comparative study/br

clinical trial/br

randomized:all

placebo/br

randomly:all

trial /br

groups:all

Crossover:all

Within-participant repeated measures:all
Within-participant:all

within subject factor*:all

repeated measure® design*:all

repeated measures experimental study:all
Within participant repeated measure*:all
within subject factor*:all

or/45-61

Results

63

. 12 and 44 and 62
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Search Strategy for PEDro:
Part A: Specific search for intervention

Filter: Clinical Trial (method)
(title or abstract)

nostril
nasal dilator
nasal dilation
nasal blockage
nasal cavity
nasal congestion
nasal device
nasal obstruction
nasal resistance

. nasal valve

. nasal valvular

. nasal airway

. nasal breathing

. oronasal breathing

. nose-breathing

. mouth breathing

. breathe right

. clear passage

. max-air

A SR IR i ol

—_
— O

e S e S S S N Sy
O 0 1 N L A W N

Results
20. or/1-19

Search Strategy for Scopus:
Part A: Specific search for population

#1 (TITLE-ABS-KEY (running OR jogging OR marathon OR marathoner OR
ultramarathon OR athlete OR military OR sports) OR TITLE-ABS-KEY (physical AND
exercise) OR TITLE-ABS-KEY (aerobic AND exercise) OR TITLE-ABS-KEY (exercise
AND training))

Part B: Specific search for intervention

#2 (TITLE-ABS-KEY (nostril) OR TITLE-ABS-KEY (nasal AND dilator) OR TITLE-
ABS-KEY (nasal AND dilation) OR TITLE-ABS-KEY (nasal AND blockage) OR
TITLE-ABS-KEY (nasal AND cavity) OR TITLE-ABS-KEY (nasal AND congestion)
OR  TITLE-ABS-KEY (nasal =~ AND device) = OR  TITLE-ABS-KEY (nasal
AND obstruction) OR TITLE-ABS-KEY (nasal AND resistance) OR TITLE-ABS-
KEY (nasal AND splinting) OR TITLE-ABS-KEY (nasal AND stent) OR TITLE-ABS-
KEY (nasal AND stenting) OR TITLE-ABS-KEY (nasal AND stents) OR TITLE-ABS-
KEY (nasal AND strip) OR TITLE-ABS-KEY (nasal AND valve) OR TITLE-ABS-
KEY (nasal AND valvular) OR TITLE-ABS-KEY (nasal AND airway) OR TITLE-
ABS-KEY (nasal AND breathing) OR TITLE-ABS-KEY (oronasal AND breathing) OR
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TITLE-ABS-KEY (nose AND breathing) OR TITLE-ABS-KEY (mouth
AND breathing) OR TITLE-ABS-KEY (airplus) OR TITLE-ABS-KEY (breathe
AND right) OR TITLE-ABS-KEY (breathe AND right AND nasal AND strip) OR
TITLE-ABS-KEY (clear AND passage) OR TITLE-ABS-KEY (clip AND nasal
AND dilator) OR TITLE-ABS-KEY (master AND aid AND rollflex) OR TITLE-ABS-
KEY (max AND air) OR TITLE-ABS-KEY (nozovent) OR TITLE-ABS-KEY (turbine
AND internal) OR TITLE-ABS-KEY (intranasal AND alaxolito))

Part C: Generic search for randomized controlled trials and controlled clinical trials
#3 (TITLE-ABS-KEY (randomized AND controlled AND trial) OR TITLE-ABS-KEY
(controlled AND clinical AND trial) OR TITLE-ABS-KEY (comparative AND study)
OR TITLE-ABS-KEY (clinical AND trial) OR TITLE-ABS-KEY (randomized) OR
TITLE-ABS-KEY (within AND participant AND repeated AND measures) OR TITLE-
ABS-KEY (within AND participant) OR TITLE-ABS-KEY (within AND subject AND
fator*) OR TITLE-ABS-KEY (repeated AND measure®* AND design*) OR TITLE-ABS-
KEY (repeated AND measures AND experimental AND study) OR TITLE-ABS-KEY
(within AND participant AND repeated AND measure*) OR TITLE-ABS-KEY (within
AND subject AND factor*) OR TITLE-ABS-KEY (placebo) OR TITLE-ABS-KEY
(randomly) OR TITLE-ABS-KEY (trial) OR TITLE-ABS-KEY (groups) OR TITLE-
ABS-KEY (crossover))

Results
#4 (#1 AND #2 AND #3)
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5 CONCLUSAO

Os DNs parecem ser eficazes na melhora do VO2max e da avaliacdo do esforc¢o percebido
quando comparado ao placebo. Nao houve diferenca significativa entre o uso de DNs
quando comparado ao controle para os desfechos VO2max, avaliacdo do esforco
percebido, frequéncia cardiaca, relagdo de troca respiratdria e tempo de exercicio. Estes
achados devem ser interpretados com cautela uma vez que os resultados da metanalise
mostraram tamanho de efeito pequeno, e a certeza das evidéncias foi muito baixa. Dados
sobre o tema sdo incipientes, € provavel que estudos futuros tenham impacto na estimativa

do efeito.
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