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RESUMO

A obesidade em criancas e adolescentes gera repercussdes multissistémicas, sendo
0 sistema respiratorio um dos prejudicados. A literatura sobre a fungdo pulmonar de
criancas e adolescentes com obesidade é muito divergente, ja que engloba dois
processos bastante complexos: a obesidade e o crescimento corporal. Varidveis
como composicado corporal, desenvolvimento puberal e héabitos de vida sé&o
fundamentais para a compreensédo dos mecanismos que relacionam a influéncia da
obesidade na funcdo pulmonar de individuos em crescimento. Objetivos: Avaliar e
comparar a fungdo pulmonar de criangas e adolescentes de ambos os sexos, de
acordo com a fase de desenvolvimento puberal, o nivel de atividade fisica e a
composi¢cdo corporal Métodos: Foram elaborados uma revisdo sistematica da
literatura (artigo n° 01) e dois estudos transversais e analiticos que avaliaram criancas
e adolescentes, de ambos os sexos, com idade entre 4-20 anos. O artigo n° 02
analisou a concordancia e correlacdo entre as técnicas de corpo total e espelhamento
pelo DXA. J4 no artigo n° 03, teve o0 objetivo de comparar a funcdo pulmonar de
criangas e adolescentes com e sem obesidade, considerando a composig&o corporal,
o desenvolvimento puberal e os habitos de vida. Os participantes realizaram
espirometria, avaliagdo da composicéo corporal pelo DXA, avaliagcdo dos sinais vitais,
desenvolvimento puberal, pratica de atividade fisica pelo questionario internacional
de atividade fisica (IPAQ) e analise dos indices de disanapse (ID). Resultados: No
artigo n° 01 foram incluidos 33 artigos. A espirometria foi a ferramenta mais utilizada
na avaliagdo da funcdo pulmonar. Houve elevada variabilidade nos valores de fungéo
pulmonar, com tendéncia a reducdo de alguns marcadores da fungdo pulmonar
(VEF1/CVF, CRF, VRE e VR) nas crianc¢as e adolescentes com obesidade. No artigo

n° 02 observamos correlagéo alta e concordancia entre as técnicas de corpo total e



espelhamento, em individuos com e sem obesidade. Por fim, no artigo n° 03, houve
correlacdo positiva da CVF e negativa do VEF1/CVF com marcadores de massa
gorda, enquanto a capacidade inspiratéria, VRE, FEF2s%, FEFso% e PFE se
correlacionaram com marcadores de massa magra. N&do houve diferencga entre os ID
entre 0s grupos com e sem obesidade. Conclusao: A influéncia do crescimento e
desenvolvimento na funcao de todos os sistemas € fundamental para a compreensao
dos achados em relagdo a fungcdo pulmonar de criancas e adolescentes com
obesidade. A ndo consideracdo destes fatores justifica a grande diversidade de
achados na literatura. Na andlise da composicao corporal pelo DXA, a concordancia
entre as técnicas de corpo total e espelhamento indicou a possibilidade de ampliar o
uso do instrumento, garantindo boa aplicabilidade e reprodutibilidade, mesmo para
individuos que excederam a area de avaliacdo. Na avaliacdo da funcao pulmonar,
observamos o aumento da CVF e reducdo da VEF1/CVF em individuos com
obesidade. Os achados estéo relacionados com o aumento da massa gorda, sem
relacdo com a massa magra. Nossa hipétese é que estes achados tém relacdo com
0 padrao de crescimento disanaptico, maior na obesidade.

Palavras-chave: obesidade; pediatria; espirometria; absorciometria de foton.



ABSTRACT

Obesity in children and adolescents creates multisystemic impacts, and the respiratory
system is one of the most impaired systems. The literature on lung function in obese
children and adolescents has been controversial, as it includes two very complex
processes: obesity and body growth. Variables, such as body composition, pubertal
development and lifestyle habits, are fundamental for understanding the mechanisms
that correlate the effects of obesity on the lung function of growing individuals.
Objectives: To assess and compare lung function in children and adolescents of both
sexes, according to the stages of pubertal development, physical activity level and
body composition. Methods: A systematic review of the literature (Article No. 01) and
two cross-sectional and analytical studies evaluating children and adolescents of both
sexes between 4-20 years of age were conducted. Article No. 02 analyzed the
agreement and correlation between whole-body and half-body DXA scans. In Article
No. 03, the aim of the study was to compare pulmonary function in children and
adolescents with and with no obesity, considering body composition, pubertal
development and lifestyle. The participants were submitted to spirometry; assessment
of body composition by DXA, vital signs, pubertal development, physical activity using
the International Physical Activity Questionnaire (IPAQ); and Dysanapsis Index (DI)
analysis. Results: In Article No. 01, 33 articles were included. Spirometry was the
most widely used tool for assessing lung function. There was high variability in lung
function values, with a tendency toward reduced levels of some lung function markers
(FEV1/FVC, FRC, ERV and RV) in obese children and adolescents. In Article No. 02,
high correlation and agreement between whole-body and half-body DXA scans in
obese and non-obese individuals could be observed. Ultimately, in Article No. 03,

there was a positive correlation of FVC and a negative correlation of FEV1/FVC with



markers of fat mass; while inspiratory capacity, ERV, FEF2s%, FEFs0% and PEF
correlated with markers of lean mass. There was no difference between Dls between
the groups with obese and non-obese individuals. Conclusion: The effects of growth
and development on the function of all systems are fundamental for understanding the
lung function outcomes in obese children and adolescents. The great diversity of these
findings in the literature may be justified by the lack of consideration of these factors.
In the assessment of body composition using DXA, the agreement between whole-
body and half-body DXA scans indicated the possibility of broadening the use of this
instrument, which was able to ensure good applicability and reproducibility, even
among individuals whose body dimensions exceed the limits of the scan area. The
assessment of lung function showed increased FVC and reduced FEV1/FVC in obese
individuals. These findings are related to fat mass increase, with no relation to lean
mass. Our hypothesis is that these findings are related to the pattern of dysanaptic

growth of airways, which is higher in obesity.

Keywords: obsesity; pediatrics; spirometry; Absorptiometry, Photon.
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1. Introducéo

1.1 A obesidade ao longo da histéria: determinantes e prevaléncia

Ha indicios de que a obesidade esté presente entre os seres humanos desde a pré-
histérial. As formas de lidar com o excesso de peso variaram muito com as
civilizacbes, suas formas de lidar com a saude, com 0 acesso aos alimentos e com
os conceitos de beleza.?

A figura 1 apresenta algumas manifestac¢des culturais, relacionadas com a obesidade,
durante a historia antiga. Esculturas do periodo paleolitico, como a estatua de Vénus
de Willendorf, e do periodo Neolitico, como a estatua da Deusa-Mae sugerem uma
visdo da obesidade relacionada com a fertilidade feminina'. Ja no Egito Antigo, figuras
de individuos obesos sendo servidos por magros revelam uma possivel relacédo da
obesidade com niveis sociais mais elevados. Essa ideia foi reforcada no estudo que
reconstruiu mamias reais e verificou que importantes reis e rainhas do Egito Antigo
eram obesos?.

Na Grécia e na Roma antigas, civilizagcdes marcadas pelo inicio do desenvolvimento
cientifico na area da saude, foram observadas as primeiras associacfes entre
obesidade e saude. Hipécrates (460-370 a.C.) foi o primeiro a descrever o risco que
a obesidade traz para a saude, apontando maior prevaléncia de morte subita em
individuos obesos. Séculos depois, em Roma, Galeno (129-199/217 d.C.) descreveu
formas moderadas e graves de obesidade, possivelmente, fazendo referéncia a
obesidade moérbida no segundo caso.?4

No Oriente, os hindus Sishrut e Charak (500-400 a.C.) relataram o gosto doce da
urina de diabéticos e associaram esta alteracao a individuos com excesso de peso e
gue comiam mais. Avicena (980-1037 d.C.), na Pérsia, escreveu uma enciclopédia

médica que também falava da urina diabética e do risco da obesidade para a satude.!
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Pérsia
Enciclopédica Médica

Paleolitico Egito Antigo 3
Vénus de Willendorf Tumba de Mareruka at de Avicena
22000-24000 a.C. Saqqara 1025 d.C.
2350 a.C.

el | +

HIPPOCRATES

Neolitico Grécia Antiga
Deusa Mae Os trabalhos médicos de
6000 a.C. Hipocrates (versao em inglés
publicada em 1951)
460-370 a.C.

Figura 1: Representac¢des artisticas e culturais da obesidade ao longo da Idade Antiga e inicio da
Idade Média.

Ao longo dos séculos, civilizagdes cultuaram a obesidade como belo, outras como
risco para a saude e outras ainda pouco se tem reportado sobre a visdo em relagéo
a obesidade. Essa variagcdo também se relaciona com o contexto social, incluindo
aspectos como a escassez de comida, periodos de guerra e a estrutura hierarquica
das civilizacoes.'?

Entretanto, o que se nota ao longo dos relatos e manifestacdes artisticas, € que a
obesidade sempre afetou a minoria da populacdo. Essa realidade comecgou a se
transformar a partir, principalmente, do século XIX, apdés a Revolucdo Industrial,
guando alimentos que anteriormente eram produzidos de maneira artesanal,
comecaram a ser produzidos em maior escala, aumentando o acesso da populacéo
aos alimentos. Com o fim das grandes guerras, 0 acesso a alimentacao ficou ainda
mais facil .2

Além disso, o desenvolvimento tecnoldgico reduziu o gasto energético da populacdo
mundial. A producao em larga escala de meios de transporte, principalmente, os de
uso particular®~’, somado a mudancas culturais, fez com que os momentos de lazer
passassem a ser mais frequentes dentro de casa, com a criacdo de aparelhos de
som, televisdo e, mais recentemente, computadores e a internet®-19,

Tudo isso, favoreceu para que a populacdo comesse mais e se tornasse mais

sedentaria. Esse desbalanco entre o consumo e 0 gasto energético repercutiu no
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aumento em propor¢des epidémicas da obesidade no mundo a partir do século
Xx_11,12

Todo esse contexto, associado a mudancas nas relacdes familiares, ensejou o
aumento da prevaléncia da obesidade também em criancas e adolescentes!s. Por
essa razdo, a Organizacdo Mundial da Saude (OMS) definiu, em 1997, em um
encontro em Genebra, que o combate a obesidade infantil seria um dos principais
desafios para saude publica do século XXI4.

Dados mundiais, analisando 31,5 milhdes de individuos, estimam que a prevaléncia
de obesidade entre criangas e adolescentes aumentou de 11 milhdes, em 1975, para
124 milhdes em 2016*°. Os dados nacionais também refletem essa epidemia, a
Pesquisa de Orcamentos Familiares (POF), publicada em 2009, apontou a evolucéo

do excesso de peso e da obesidade de 1975 para 2009, conforme mostra a figura 2.
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Figura 2: Evolug&o do excesso de peso (A) e da obesidade (B) em criancas e adolescentes no Brasil,
segundo a POF 2009.

1.2 A relacéo entre obesidade e crescimento

As repercussdes da obesidade sobre o corpo humano sao bastante complexas, uma
vez que se trata de uma doenca crbnica e multissistémica. Essa complexidade se

torna ainda maior quando associada ao crescimento, principalmente, a puberdade.

Estudos apontam que criancas com obesidade exdgena tendem a crescer mais
rapido. As evidéncias sdo maiores no sexo feminino. Isso néo significa que eles serdo
mais altos que individuos eutréficos, e sim que o processo de crescimento ocorrera
precocemente'®l’. Esse mecanismo envolve questdes metabdlicas que acabam
desordenando o processo de crescimento e, além disso, ao fim do desenvolvimento

puberal, o corpo n&o consegue mais “‘compensar’ O pesoO em excesso e 0
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desequilibrio sistémico fica mais evidente. E importante ressaltar que este processo

interfere diretamente no funcionamento de todos os sistemas corporais?®.

Existem alguns mecanismos descritos na literatura que tentam explicar de que forma

a obesidade influencia o crescimento e a maturagao das criangas:

Individuos que mantém uma dieta inapropriada, com consumo excessivo de gorduras
e acucares, tendem a desenvolver hiperinsulinemia compensatoria, associada a
reducdo nos niveis de globulina de ligacdo de horménios sexuais. O aumento da
adiposidade durante o periodo pré-pubere aumenta a atividade da aromatase e,
consequentemente, a conversdo de andrégenos em estrégenos. Assim, a maior
exposicdo dos tecidos aos esteroides sexuais neste periodo da vida pode antecipar
o inicio da puberdade.'”19

A exposicdo aos esteroides sexuais € potencializada pelo contato com fitoestrogénios
e a algumas substancias encontradas no meio ambiente, conhecidas como
disruptores enddécrinos. Estudos apontam que a baixa eficiéncia no tratamento de
efluentes domésticos e industriais e a grande emissao de poluentes promove o maior
contato com substancias que interferem no funcionamento do sistema enddcrino, por
meio de mecanismos complexos. Essas alteracbes, comprovadamente, aceleram o
desenvolvimento puberal, além de ter acdo direta no aumento do risco de

obesidade.20-22

Também ganhou bastante destaque frente a esta discussdo a acao da leptina, um
horménio peptidico produzido pelos adipécitos, descoberto em 199423, A acdo da
leptina caracteriza-se pela regulacéo do balanco energético, por meio da reducédo do
apetite, que em condi¢des normais, leva a reducao da ingesta e também promove o
aumento da termogénese?*. Os individuos obesos, tem mais células adiposas e estas
sdo maiores e, assim, secretam mais leptina. Entretanto, esse excesso de leptina
causa uma alteracdo regulatéria (down regulation) na agdo do horménio, inibindo o
efeito de saciedade promovido pela leptina®®. Alguns estudos também sugerem a
possibilidade da diferenca de concentracao sérica e liquorica de leptina interferir no

transporte da substancia para o cérebro, inibindo sua acdo?6.

Além da questdo saciedade, fundamental no entendimento da obesidade, a leptina
interfere diretamente no desencadeamento da puberdade e seu desenvolvimento.

Portanto, acaba sendo peca chave na compreensao dos mecanismos que interferem
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na obesidade de criangas e adolescentes, principalmente, no sexo feminino (ja que
0s niveis de leptina sdo maiores nas meninas do que nos meninos durante a

puberdade)?>-26,

Estudos mostram que as meninas apresentam aumento nos niveis séricos de leptina
a partir dos sete anos de idade e esse aumento se perpetua até os 15 anos. Ja os
meninos apresentam um aumento transitério no nivel de leptina durante o periodo
pré-pubere até o inicio da puberdade e apés atingir o estégio Il dos critérios de Tanner
para avaliacdo de desenvolvimento puberal o nivel sérico de leptina cai. Por essa
razao, os niveis de leptina sdo maiores em meninas do que em meninos durante a
puberdade. Acredita-se que as variacbes nos niveis de leptina acompanham o
comportamento da gordura corporal, que aumenta durante toda a puberdade no sexo
feminino e se reduz no sexo masculino, devido, principalmente, ao aumento de massa
magra com 0 aumento na producao de testosterona. Postula-se que o aumento da
leptina seja um trigger para o inicio da puberdade, principalmente nas meninas, e
como nos individuos obesos os niveis de leptina estdo aumentados, logo, esse sinal

é enviado precocemente, antecipando o inicio da puberdade.?*

Portanto, cada vez mais evidencia-se 0s meandros existentes na relacdo entre a
obesidade e o crescimento. Sdo fendbmenos de extrema complexidade ocorrendo
concomitantemente e trazendo prejuizos multissistémicos para criancas e
adolescentes. Os efeitos deletérios da obesidade em criancas e adolescentes
favorece o desenvolvimento de comorbidades em criangas cada vez menores, que
anteriormente eram observadas apenas em individuos adultos, o que faz aumentar o
risco de doengas na vida adulta?’?. Entretanto, a pluralidade de acontecimentos
dificulta a compreensdo de quando e como os danos multissitémicos se instalam,
sendo necessaria cautela para estabelecer os critérios comparativos, levando em
conta ndo apenas as diferencas no estado nutricional, mas também no processo de

crescimento e desenvolvimento.

1.3 Obesidade e funcéo pulmonar
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A funcdo pulmonar € uma dentre as muitas fun¢des do corpo humano afetadas pela
obesidade!®?°, Para o entendimento dessa relacdo é preciso conhecer os dois

principais mecanismos determinantes: o0 mecanico e o inflamatério.

O componente mecéanico diz respeito a restricdo imposta pela deposi¢céo de gordura,
principalmente, sobre a caixa toracica e abddémen, que determina reducdo da
complacéncia toracica e, consequentemente, reducdo dos volumes pulmonares3%:31,
Estas alteracdes estdo bem estabelecidas em individuos adultos, séo proporcionais
ao grau de obesidade e sdo mais evidentes em homens, ja que acumulam mais
gordura no térax e abdémen, diferentemente da maioria das mulheres, que acumulam
mais gordura no quadril e coxas3'-33, Os marcadores mais comuns destas alteracoes
sdo a reducdo da capacidade residual funcional (CRF) e do volume de reserva
expiratéria (VRE)3134. Outros indicativos sédo a reducdo da capacidade vital forcada
(CVF) e da capacidade pulmonar total (CPT)34.

Além do componente mecéanico restritivo, existe um componente obstrutivo.
Primariamente, pensava-se que essa obstrucéo decorreria da reducéo do calibre das
vias aéreas, consequente a reducdo dos volumes pulmonares®. Entretanto, outros
mecanismos inflamatérios complexos foram envolvidos nesse processo. O tecido
adiposo é constituido por muitos componentes pré-inflamatérios®¢, sendo assim, os
individuos obesos mantém-se em um estado de inflamacao sisttmica de baixa
intensidade?®’. As adipocinas, que sdo proteinas pré-inflamatérias secretadas pelos
adipdcitos, podem agir diretamente no pulmao ou promover alteracdes inflamatérias

no sistema respiratorio via sistema imunolégico36-38,

Portanto, os individuos obesos apresentam maior susceptibilidade a processos
obstrutivos e restritivos, seja por comprometimentos inflamatérios ou mecéanicoss33,
Ao analisar a literatura sobre funcdo pulmonar de criancas e adolescentes com
obesidade, encontramos resultados, por vezes, divergentes, provavelmente porque
os critérios de selecdo e alinhamento da casuistica ndo levam em conta aspectos do

desenvolvimento, principalmente, a puberdade.

Sendo assim, o conhecimento dos padrdes normais de crescimento do sistema
respiratério € fundamental para a compreensdo dos mecanismos resultantes da

influéncia da obesidade durante este periodo da vida.
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1.3.1 Crescimento e desenvolvimento do sistema respiratorio

Existem varios fatores envolvidos no crescimento e desenvolvimento do sistema
respiratério. Estes fatores envolvem situacdes desde o periodo intrauterino, como as
condi¢cdes de salde materna, ou ambiente uterino??; fatores perinatais como idade
gestacional e tipo de parto*-4?%; fatores ambientais como exposicdo ao tabaco,
poluicéo, aleitamento materno e pratica de atividades fisicas*®43; fatores hormonais e
crescimento coporal*®44; e desenvolvimento de doencas e seus respectivos

tratamentos*043.

Outro fator relevante diz respeito as variacdes e peculiaridades observadas desde o
desenvolvimento intrauterino em relagéo ao sexo. Sabe-se que durante a infancia os
meninos apresentam maior resisténcia das vias aéreas do que as meninas. Apesar
das vias aéreas serem maiores no sexo masculino desde a infancia até a idade adulta,

durante a infancia as vias aéreas dos meninos sao proporcionalmente mais estreitas.

45,46

Também, o perfil fosfolipidico das meninas amadurece mais rapido, determinando a
producdo mais efetiva de surfactante antes dos meninos e reduzindo o risco de
colabamento das vias aéreas. Ap6s o0 nascimento, foi reportado a influéncia hormonal,
sendo que os andrégenos provocam efeitos inibitérios e estrogenos estimulantes na
maturacdo do sistema respiratério. Sendo assim, meninos apresentam maior risco de
sibilancia na infancia e de morbidade em caso de sindrome do desconforto
respiratério agudo (SDRA).4647

1.3.2 Disanapse das vias aéreas

Outro conceito importante na compreensdo das particularidades do sistema
respiratorio de criancas e adolescentes é a disanapse. Este conceito, que é
relativamente recente, comecou a ser estudado no fim da década de 1960 e refere-
se a desproporcionalidade entre o crescimento do parénquima pulmonar e das vias
aéreas*® 0, Sendo assim, o crescimento do parénquima pulmonar e unidades
alveolares promove o aumento do volume exalado, entretanto, o fluxo aéreo fica

limitado j& que as vias aéreas ndo crescem na mesma proporcao®..
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Este padrédo de crescimento € influenciado por condic¢des fisiolégicas como o sexo,
sendo mais evidente em meninos, e por condi¢des patologicas, como asma ou fibrose
cistica 465254, Muito recentemente, dois estudos relacionaram o crescimento

disanaptico com a obesidade>3%°,

A quantificacdo da disanapse foi proposta por meio do calculo do indice de disnapse
(ID), que pode ser calculado por duas férmulas diferentes. A primeira delas estabelece
relacao entre o fluxo expiratério forcado a 50% da CVF (FEFso%), a CVF e a pressao
de recolhimento estatico a 50% da CVF(Pstso%): ID= FEFs0% / (CVF X Pstso%)*. A
segunda relaciona o fluxo expiratério forcado entre 25 e 75% da CVF (FEF25-75%) e a
FVC: ID= FEF2s.75% / CVF>4. Apesar das féormulas apresentarem boa aplicabilidade, é
importante ressaltar que os estudos que as utilizaram analisaram individuos com
condicdes respiratdrias patologicas, portanto, as variaveis espirométricas ja tendiam
a alteracdes. Sendo assim, é importante o entedimento do conceito de disanapse pois
apesar do ID, por vezes, ndo detectar diferencas em condicdes menos severas, as
condi¢cBes clinicas e as variaveis espirométricas podem sugerir a presenca desta

condicéo.

A intersecc¢dao entre todos estes acontecimentos ainda € controversa na literatura, com
discussoes, por vezes, superficiais uma vez que avaliam apenas um ou dois destes
mecanismos envolvidos. A figura 3 retrata a complexidade dessas relagbes e dos
vieses de andlise que devemos levar em consideracdo quando estudamos a funcao
pulmonar de criancas e adolescentes, principalmente quando estes estio obesos. E
relevante considerar aspectos como fase de desenvolvimento puberal, distribuicdo
regional do tecido adiposo e habitos de vida para conseguir alcancar a real
compreensao se a obesidade afeta a funcéo pulmonar de criangas e adolescentes,

como e a partir de quando essas alteragdes ocorrem.
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Figura 3: Relacéo entre os aspectos determinantes da funcéo pulmonar de criancas e adolescentes.

1.4 Justificativa

A obesidade na crianca e no adolescente é, atualmente, um dos maiores problemas
de salude no mundo. Suas repercussfes sao multissistémicas, deteriorando as
condicBes de saude e a qualidade de vida desta populacdo, de maneira cada vez

mais precoce.

Em criancas e adolescentes, 0 processo de compreensado dos efeitos deletérios da
obesidade é mais complicado, jA que ocorre de forma simultanea a outro evento
bastante complexo, o crescimento. Portanto, € importante conhecer a fisiologia do

crescimento, para compreender como eventos adversos podem influencia-lo.

Dentre as fungdes prejudicadas pela obesidade, esta a pulmonar, assim como todo o
sistema respiratorio. Entretanto, se revistarmos a literatura acerca do assunto na
populacdo pediatrica, encontramos uma grande heterogeneidade de achados, que,
ao nosso modo de ver, se relaciona, justamente, com a dificuldade de entendimento
dos comprometimentos durante as intensas mudancas do crescimento. Outro fator
complicador, é associacao entre a obesidade e a asma, patologias cujas prevaléncias
aumentaram de forma proporcional, nas ultimas décadas, e apresentam uma relacéo

de causalidade entre elas ainda ndo compreendida.
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Diante deste contexto, acreditamos que se conseguirmos reduzir os vieses de
confundimento, conseguiremos direcionar o entendimento do impacto da obesidade

durante o crescimento. Com essa proposicao, a presente tese teve o objetivo descrito

a sequir.
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2. Objetivos

O objetivo deste trabalho foi avaliar a funcéo pulmonar de criancas e adolescentes de
4 a 20 anos, com diferentes estados nutricionais e sem comorbidades prévias,
considerando o estadiamento puberal, os habitos de vida e a distribuicdo regional de

gordura e de massa magra.

2.1 Objetivos Especificos

- Comparar a espirometria de criancas e adolescentes com e sem obesidade,

estabelecendo como grupos (i) a faixa etaria e (ii) o desenvolvimento puberal.

- Analisar a influéncia da quantidade e da distribuicdo de gordura corporal na funcao

pulmonar de criancas e adolescentes com diferentes estados nutricionais.

- Avaliar a influéncia dos hébitos de vida, considerando a pratica de atividades fisicas
programadas e ndo programadas e o tempo sentado, na funcao pulmonar de criancas

e adolescentes.

- Avaliar a fidedignidade das medidas de composicdo corporal por meio da
absorciometria por duplo feixe de raio-x (DXA) considerando as técnicas de corpo

total e espelhamento em criancas com e sem obesidade.
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3. Métodos

3.1 Participantes

- Artigos n® 02 e 03

Estudo transversal e analitico que avaliou criancas e adolescentes, de ambos os
sexos, com idade entre 4-20 anos. Os individuos com obesidade séo
acompanhados no Ambulatério de Obesidade na Crianca e no Adolescentes do
Hospital das Clinicas (HC) da Universidade Estadual de Campinas (UNICAMP).
O grupo sem obesidade foi composto por individuos que vieram por demanda
espontanea para avaliacdo devido a divulgacao do estudo. Em ambos os grupos,
os individuos e seus responsaveis foram convidados a participar voluntariamente
da pesquisa, os procedimentos realizados foram previamente explicados aos
participantes e seus responsaveis. O estudo foi aprovado pelo Comité de Etica
em Pesquisa da Faculdade de Ciéncias Médicas (FCM) da UNICAMP pelo
CAAE: 42633515.0.0000.5404 (Anexo 1).

3.1.1 Critérios de inclusao
Foram incluidos no estudo individuos de ambos os sexos, com idade entre 4-20
anos e sem limitaces fisicas ou neurocomportamentais que prejudicasse a

qualidade das avaliacoes.

Para serem incluidos no estudo todos os participantes acima de 18 anos e 0s
responsaveis pelos menores de 18 anos assinaram o Termo de Consentimento
Livre e Esclarecido (TCLE), declarando participar de forma espontanea da
pesquisa (Apéndice 1 e 2). Os menores de 18 anos com capacidade de leitura e
compreensao do projeto de pesquisa assinaram o Termo de Assentimento Livre
e Esclarecido (TALE) (Apéndice 3).

3.1.2 Critérios de exclusao
- Artigo n°® 02

Foram excluidos do estudo os individuos que ndo conseguiram completar todas

as avaliagcbes do DXA: corpo total e espelhamento, seja por desisténcia na
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realizacdo do exame, ou por exceder a area de avaliacdo, impossibilitando a

analise de corpo total.
- Artigo n°® 03

Foram excluidos do estudo os individuos que ndo conseguiram completar todas
as avaliacbes: espirometria, DXA, questionario sobre atividades fisicas,

guestionario sobre sintomas respiratérios e/ ou avaliacéao fisica.

Também foram excluidos individuos que apresentaram pontuacdo maior ou igual
a 5 na avaliacdo do questionario ISAAC (International Study of Asthma and

Allergies in Childohhod), indicando a presenca de asma.

3.2 Procedimentos

Os individuos que aceitaram participar da pesquisa espontaneamente foram
orientados a comparecer no Centro de Investigacdo em Pediatria (CIPED) da
UNICAMP em horario previamente agendado. As seguintes orientacdes foram

dadas ap6s o agendamento:

Comparecer ao local agendado, no horério estabelecido, tendo realizado apenas

refeicOes leves, nas ultimas 6 horas, e sem necessidade de restricao hidrica.

Utilizar roupas leves e sem quaisquer componentes de metal como ziperes e

botdes.
N&o utilizar acessorios de metal como brincos, anéis, colares ou pulseiras.

N&o realizar atividades fisicas extenuantes nas 24 horas que antecedem as

avaliagoes.

No dia da avaliacéo, os participantes permaneceram por pelo menos 10 minutos,
sentados, em repouso. Utilizou-se uma ficha de avaliagdo (Apéndice 4) com
informacbes em relacdo a dados de identificacdo, idade, escolaridade,
medicacfes em uso, pratica de atividade fisica, rotina de educacao fisica na
escola, doencas associadas e sintomas respiratérios. Também fizeram parte da

avaliacao:
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3.2.1 Antropometria
As medidas de peso e estatura em pé foram realizadas em todos os participantes

do estudo.
Peso corporal

Foi aferido em balanca eletronica, calibrada, com precisédo de 100 gramas (g).
Os participantes foram orientados a permanecer em pé, de costas para a
balanca, com os pés ligeiramente afastados no centro da plataforma de medida,
mantendo posi¢éo anatdmica e cabega alinhada. Para aferi¢cdo os individuos néo

utilizaram calgados e utilizaram vestimentas leves.
Estatura em pé

Utilizou-se estadiometro vertical, com precisdo decimal. Os participantes foram
posicionados em pé, com a coluna ereta e orientados a se manter em posi¢ao
anatbmica, sem calcados e meias, com 0s calcanhares unidos e a cabeca
alinhada. A medida registrada correspondeu ao ponto em que o cursor vertical
encontra a cabeca do avaliado.

A partir dos valores aferidos foi calculado o indice de massa corporal (IMC), a

Peso
Altura? '

partir da formula: IMC = Os valores de IMC foram utilizados para

classificar o estado nutricional dos participantes, de acordo com as seguintes

referéncias:

Para os menores de 19 anos utilizou-se os valores de referéncia segundo o0s
percentis e z-scores, propostos pela OMS®%6. Esta andlise foi realizada utilizando
o software WHO AnthroPlus (https://www.who.int/growthref/tools/en/), seguindo

a classificagao: P=3 = baixo peso; 3<P<85 = faixa de normalidade; 85<P<97 =

sobrepeso; 97<P<99,9 = obesidade; P=99,9 = obesidade grave.

Para os maiores de 19 anos de idade também utilizou-se a classificacdo segundo
a OMS™57.58 para esta faixa etaria que considera: IMC<18,5 = baixo peso;
18,5<IMC<25 = faixa de normalidade; 25<IMC<30 = pré obesidade; 30<IMC<35
= obesidade grau I; 35<IMC<40 = obesidade grau Il; IMC=40 = obesidade grau
1.


https://www.who.int/growthref/tools/en/
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3.2.2 Exame fisico

Frequéncia cardiaca (FC) e saturacao periférica de oxigénio (SpO2)

Foram avaliadas por meio de oximetria de pulso, utilizando modelo Powerpack,
que foi acoplado ao dedo médio direito dos avaliados. Os valores registrados
foram os que permaneceram por 5 segundos sem alteracdo, mantendo curva de

sinal adequada. As medidas foram feitas com o participante sentado.

Presséao arterial (PA)

Foi aferida no braco direito do participante, com um esfigmomandémetro
mecanico. Foi selecionado o manguito adequado a circunferéncia do braco do
avaliado, que permaneceu sentado durante todo o procedimento. A avaliacado
seguiu as normas da Sociedade Brasileira de Cardiologia.>®

Frequéncia respiratoria (FR)

Foi avaliada com os participantes em decubito dorsal, para que o contato visual
com o avaliador ndo interferisse no ritmo respiratério. Os sujeitos do estudo
permaneceram dois minutos nesta posi¢cao antes do inicio da avaliagcdo. Apés o
periodo de adaptacdo contou-se quantas incursées respiratérias o participante

realizou em um minuto.

Circunferéncia do pescoco (CP), circunferéncia toracica (CT),
circunferéncia abdominal (CA) e circunferéncia do quadril (CQ)

A avaliacdo das circunferéncias foi realizada com o paciente em pé, mantendo
posicdo anatdomica, cabeca ereta e distribuindo o peso igualmente entre os
membros inferiores. As medidas foram realizadas com uma fita métrica flexivel,
gue envolveu completamente a circunferéncia avaliada de forma confortavel e

sem comprimir a regido avaliada.
A CP foi avaliada no nivel da cartilagem da tiroide®°.

A CA foi avaliada no nivel da linha umbilical, que é uma das alturas propostas
pela OMS®’, no fim de uma expiracdo mantendo volume corrente. Apesar de
alguns estudos indicarem que a avaliacdo utilizando esta referéncia pode

subestimar a real medida da CA, como avaliamos pacientes obesos, a



36

identificacdo considerando pontos de referéncia como a crista iliaca ou a ultima
costela palpavel poderia ser prejudicada devido ao excesso de tecido adiposo

na regido abdominal.
A CQ foi avaliada considerando a por¢do mais larga das nadegas®’.

A CT foi avaliada linha dos mamilos, no fim de uma expiragdo mantendo volume

corrente.
Desenvolvimento Puberal

Para a avaliacdo do desenvolvimento puberal utilizou-se os critérios validados
por Marshall e Tanner®%2, que consideram, em uma escala de 1 a 5, o
desenvolvimento das mamas e pelos pubianos para avaliagdo da puberdade nas

meninas e desenvolvimento dos genitais e pelos pubianos nos meninos.

Para a determinacdo do estadiamento puberal foi considerada a seguinte
classificacdo: estagio 1 pré pubere, estagio 2 e 3 pubere e estagio 4 e 5 pos
pubere. O estagio 4 foi classificado com pos pubere, pois nem todos os

individuos atingem o estagio 5, mesmo na idade adulta.

Um quadro com figuras e fotos dos estagios de desenvolvimento puberal, de
acordo com o sexo, foi apresentado para 0s participantes e seus responsaveis
(Anexo 2). Eles foram orientados a apontar a figura que mais se assemelhava

com o seu préprio corpo.

A autoavaliacdo da maturacdo puberal € um tema bastante discutido na
literatura. Apesar de haver uma variacdo entre a avaliacdo feita por especialistas
e a autoavaliacao, os artigos trazem que a Ultima é util e pode ser utilizada para
protocolos de pesquisa, pelo custo beneficio e por, apesar das variacoes, ser

suficiente para distinguir entre os estagios de puberdade.53-%7

3.2.3 Questionario ISAAC (International Study of Asthma and Allergies in
Childhood)

O questionario ISAAC é um instrumento mundialmente utilizado, que surgiu
durante o desenvolvimento do grande projeto de pesquisa epidemiologica

multicéntrico, que € o ISAAC.
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No inicio da década de 90, estudiosos verificaram que as pesquisas sobre
prevaléncia de asma e alergias eram muito dependentes de diagndsticos clinicos
e de padrbes especificos do local da pesquisa. Diante disso, desenvolveram
questionérios escritos, incialmente relacionado a asma, e, posteriormente, em
relacdo a renite e ao eczema, levando mais em conta os sintomas de criancas e
adolescentes, do que o proprio diagnéstico clinico. Assim, criaram uma
padronizacdo mundial, que contou com a participacdo do Brasil®®, utilizando
como critérios a frequéncia e a intensidade das crises e a persisténcia dos
sintomas. Essa abordagem foi difundida por todos os continentes e hoje é

amplamente utilizada em escala mundial.®®

No presente estudo utilizamos o médulo do questionario ISAAC para asma, que
ja foi traduzido e validado no Brasil, tanto para a faixa etaria de 06 a 07 anos
(Anexo 3), como de 13 a 14 anos (Anexo 4)’°. Para fins de andlise, utilizamos o
questionario padronizado para individuos de 06 a 07 anos, para 0os menores de
13 anos; e o0 questionario padronizado para individuos de 13 a 14 anos, foi

utilizado para individuos com idade maior ou igual a 13 anos.

As perguntas foram realizadas verbalmente, pelo mesmo pesquisador, para os
participantes e seus responsaveis, no caso dos menores de 18 anos.

Como critério de pontuacao, utilizamos a referéncia de Macaira EF et al, 20054,
gue estabeleceu a pontuacao maior ou igual a 05 como indicativo de asma.

3.2.4 Questionario Internacional de Atividade Fisica (IPAQ)
O IPAQ (Anexo 5) € um questionario que foi desenvolvido no fim dos anos 90,
por um grupo de pesquisadores da area de saude publica e atividade fisica, a

fim de controle populacional relacionado a atividade fisica’>"3.

O questionario foi traduzido e validado mundialmente, inclusive para o Brasil’4,
Ele apresenta duas versdes: a versao curta, que foi utilizada no presente estudo

e a versao longa, com informacdes detalhadas.

Optamos pela versao curta pela facilidade de compreensao dos participantes e
por fornecer informagcbes adequadas sobre a rotina de atividades fisicas

programadas e nao programadas, bem como sobre o tempo sentado ao longo
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da semana. As perguntas foram realizadas verbalmente, pelo mesmo
pesquisador, para os participantes juntamente com seus responsaveis, no caso
dos menores de 18 anos. A classificacdo do nivel de atividade fisica se deu
conforme apresentado na tabela 1:

Tabela 1: Classificacdo em relacdo a pratica de atividade fisica de acordo com o questionario
IPAQ

Atividades vigorosas = 05 dias por semana e tempo = 30 minutos por sesséo

Muito Ativo Atividades vigorosas = 03 dias por semana e tempo = 20 minutos por sessdo + atividades
moderadas ou caminhada = 05 dias por semana e tempo = 30 minutos por sessao
Atividades vigorosas = 03 dias por semana e tempo = 20 minutos por sessao
Al Atividades moderadas ou caminhada = 05 dias por semana e tempo = 30 minutos por sessao
ivo

Qualquer atividade somada com frequéncia = 05 dias por semana e tempo = 150 minutos
semanais (caminhada + moderada + vigorosa)

Irregularmente ativo

Realiza atividade fisica, mas ndo cumpre as recomendacdes de frequéncia ou duracao.

Atinge pelo menos um dos critérios da recomendacdo quanto frequéncia ou duracdo da atividade

A
Frequéncia: 5 dias por semana Duracéo: 150 minutos por semana
B N&o atingiu nenhum dos critérios da recomendagéo quanto a frequéncia nem duragéo
Sedentario N&o realizou nenhuma atividade fisica por mais de 10 minutos continuos durante a semana
3.2.5 DXA

A avaliacao da composicao corporal se deu por meio do uso do DXA, que é um
instrumento relativamente barato, de facil aplicacdo e cuja dose de radiacéo a
que o participante é exposto é muito baixa’>’6. Além disso, o DXA tem boa
aplicabilidade na faixa etaria pediatrica’’~"° e se diferencia dos métodos mais
simples, como a bioimpedancia (BIA) e a pesagem hidrostatica, por envolver um
modelo de trés componentes, ou seja, além de avaliar a massa gorda e a massa

livre de gordura, também avalia 0 massa 6ssea’®.

No presente estudo, a avaliacdo foi realizada com o equipamento do modelo

IDXA (GE Healthcare Lunar, Madison, Wisconsin, Estados Unidos), com
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detectores do tipo feixe em leque (fan beam). Os dados foram processados e
analisados com o software enCore'™ 2011, versao 13.6 (GE Healthcare Lunar,
Madison, Wisconsin, Estados Unidos), que permitiu além da anélise dos valores
absolutos, a comparagdo com os valores de normalidade para faixa etaria, sexo

e etnia.

Para garantir a confiabilidade das avaliagdes, a calibragdo do equipamento foi
realizada, segundo aas especificagbes do fabricante: calibracdes diarias,
equivalentes ao teste de garantia de qualidade (GQ); calibracdes semanais,

equivalentes ao controle de qualidade dos exames (Phanton).

As avaliacbes foram realizadas pelo mesmo técnico, previamente treinado,
seguindo o protocolo de posicionamento de Hangartner et al, 20138, O técnico
responsavel pela avaliacdo também adequou as regides de interesse (ROI) da
analise, segundo as especificagcbes do fabricante.

Os participantes realizaram 2 mensuracdes (exceto os obesos que excederam a

area de avaliagdo, que nao realizaram a avaliagao de corpo total):
Corpo total

O participante permaneceu em decubito dorsal, com os bracos ao longo do
corpo, palmas das maos sobre a mesa de avaliacdo, membros inferiores
estendidos, com um velcro estabilizando seu posicionamento (exceto obesos
cuja analise das ROI seria comprometida pela massa excessiva em coxas e por
isso nao utilizaram velcro em membros inferiores). O operador do exame auxiliou
a centralizacdo do participante na mesa de avaliacdo, corrigindo posicéo de
cabeca, membros superiores, membros inferiores, cintura escapular, cintura

pélvica e coluna (Figura 4).



Figura 4: Posicionamento para avaliagéo da técnica de corpo total do DXA.
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Espelhamento

O espelhamento € uma técnica que foi descrita em 1995, por Tataranni e
Ravussin®! para suprir a maior limitacdo ao uso do DXA, que é a restricdo da
area de avaliacao. Individuos com obesidade excediam as dimensdes de analise
do DXA e, por essa razdo os autores desenvolveram a técnica na qual os
segmentos que ficam fora da area de avaliacdo sédo espelhados, em relagdo ao
lado conralateral

O posicionamento do espelhamento é muito semelhante ao do corpo total. Os
pacientes que excederam os limites da area de avaliacdo foram posicionados
conforme descrito no corpo total, entretanto, com o membro superior esquerdo
fora da area de avaliacdo e o software espelhou os dados do membro ausente
com os dados referente ao membro contralateral. Esse posicionamento foi
reproduzido para todos os participantes, mesmo 0s que se enquadravam dentro
da éarea de avaliacdo, para determinar a fidedignidade da técnica de
espelhamento e padronizar a técnica de avaliacdo para evitar vieses

comparativos.

3.2.6 Espirometria

A espirometria foi o método escolhido para a avaliagdo da func¢éo pulmonar dos
participantes do estudo. O uso da espirometria ja é bem definido para avaliacdo
de diversas patologias pulmonares e também extrapulmonares que causam
repercussdes na funcdo respiratoria. O reconhecimento de distlrbios
obstrutivos, restritivos ou mistos permitem: a avaliacédo da gravidade de doencas
e da resposta a tratamentos medicamentosos ou nao; predizer risco de
morbidade e mortalidade e de fatores de risco; monitorar a fungao pulmonar de
individuos com e sem doencas, identificando aspectos do crescimento e fatores

externos que potencializam ou prejudicam a funcéo pulmonar. 8283

Ha alguns anos havia dificuldade na realizacdo da espirometria com individuos
mais novos, ja que é uma avaliagcdo esforco dependente. Entretanto, com a
evolucdo dos equipamentos, principalmente com incentivos visuais e com
particularidades nos critérios de aceitacdo, atualmente ja4 existe referéncias

mundiais para espirometria de criancas a partir de 3 anos.8%:83
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A avaliacdo dos participantes foi realizada com um espirometro modelo
MasterScreen™ Pneumo (Jaeger; Wirzburg, Alemanha) integrado ao software
JLab verséo 5.20, seguindo as especificacdes da European Respiratory Society
(ERS) e American Thoracic Society (ATS)%.

Todas as espirometrias foram realizadas pelo mesmo técnico, previamente
treinado. O espirometro foi calibrado diariamente com uma seringa de 3 litros
para garantir a qualidade das medidas. Os procedimentos foram previamente

explicados para os participantes e seus responsaveis.

Para a realizacdo do exame 0s participantes permaneceram em pé, mantendo

postura ereta, segurando o espirdmetro e com um clipe nasal (Figura 5).



Figura 5:

Posicionamento para realizacdo da espirometria.
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A literatura descreve ndo haver diferencas entre a realizagcdo da espirometria na
posicao em pé ou sentado. A orientacdo € apenas utilizar o mesmo padrao para todos
0s participantes da pesquisa. Como a populacdo estudada foi de individuos com
obesidade, optamos por realizar a prova espirométrica na posicdo ereta,
considerando a possibilidade de que o excesso de gordura abdominal possa dificultar
a acdo da musculatura respiratoria, principalmente do diafragma, podendo subestimar

a capacidade respiratéria destes individuos (Figura 6).

AL ®

Figura 6: Influéncia da gordura corporal no desempenho eficaz do diafragma

3.3 Analise Estatistica
A apresentacdo da analise estatistica segue detalhada de acordo com o artigo. O
artigo n°® 01 por se tratar de uma revisdo sistematica, ndo apresenta analise

estatistica, apenas analise descritiva dos dados.

3.3.1 Artigo n°® 02

Neste estudo, a andlise descritiva dos dados categoricos foi apresentada na forma de
frequéncia absoluta e relativa. Os dados numeéricos foram apresentados por meédia +
desvio padrdo; mediana e valores minimo e maximo; intervalo de confianca de 95%

para a média.
A normalidade dos dados numeéricos foi avaliada de acordo com 0s seguintes testes:
Analise de medidas descritivas para tendéncia central,

Método grafico (grafico Q-Q normal, grafico Q-Q sem tendéncia e boxplot;
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Método por teste estatistico (testes de normalidade): Kolmorov-Smirnov e Shapiro-
Wilk.
Para a analise da associagdo entre a variaveis categaoricas utilizou-se:
Teste Exato de Fisher (variaveis com n < 50 em cada grupo);
Teste Qui-quadrado (variaveis com n = 50 em cada grupo).

A associacdo entre os dados numéricos das variaveis independentes foi calculada a

partir dos seguintes testes:

Teste T para amostras independentes: comparacdo de 2 grupos com variaveis com
distribuicdo normal (Teste de Levene foi aplicado para verificar a igualdade de

variancias);

Analise de variancia de uma via (ANOVA): comparacao de 3 grupos com variaveis

com distribuicdo normal,

Teste U de Mann-Whitney, na comparacdo de 2 grupos com Vvariaveis sem

distribuicdo normal;

Teste de Kruskall-Wallis, na comparacao de 3 grupos com variaveis sem distribuicdo

normal.

A comparacédo entre os dados do DXA, utilizando a técnica de corpo total e a técnica
de espelhamento, foi feita a partir dos testes:

Teste T para amostras pareadas: variaveis com distribuicdo normal,

Teste dos postos sinalizados de Wilcoxon de amostras relacionadas: variaveis sem

distribuicdo normal.

A correlacéo entre as técnicas de corpo total e espelhamento foi calculada a partir

dos testes:
Correlagéo de Pearson: variaveis com distribuicdo normal;
Correlacdo de Spearman: varidveis sem distribuicdo normal.

A analise de viés associado entre os dados foi realizada a partir da regressao linear
entre as diferencas das medidas (y-axis = [medida 1 — medida 2]) e a média das

medidas (x-axis = [medida 1 + medida 2] /2) e a diferenga entre os grupos foi



46

apresentada por meio do gréfico de Bland-Altman (considerando medidas do corpo
total = medida 1 e medidas do espelhamento = medida 2).

Foi realizada também uma analise exploratéria para comparacao entre as variaveis
de composicdo corporal versus sexo, etnia, estado nutricional, desenvolvimento

puberal, idade, atura, peso e IMC (dados apresentados em funcao do valor de p).
Os residuos dos dados do DXA foram:

Ajustados e comparados individualmente com os seguintes marcadores: sexo, etnia,
desenvolvimento puberal, peso, altura e IMC. Para o ajuste utilizou-se a formula

Logo[(Diferenca entre medidas?)/média entre as duas medidas];
Avaliados por regressao linear para todos os marcadores, simultaneamente.

A analise estatistica foi realizada no software Statistical Package for the Social
Sciences (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0.
Armonk, NY: IBM Corp) e no MedCalc Statistical Software version 16.4.3 (MedCalc
Software bvba, Ostend, Belgium; https://www.medcalc.org; 2016). Em todas as
analises foi considerado o valor de alpha de 0,05. Todos os dados, de todos os
participantes foram obtidos no estudo, dessa forma, nenhuma técnica foi utilizada

para lidar com os ajustes para “missing data”.

3.3.2 Artigo n° 03
Neste artigo, a analise descritiva esta apresentada pela frequéncia relativa e
frequéncia absoluta para os dados categoricos e pela média + desvio padréo;

mediana (percentil 25" e percentil 75") para os dados com distribuicdo numérica.

A normalidade dos dados numéricos foi avaliada de acordo com o0s seguintes testes:
Analise de medidas descritivas para tendéncia central,

Método grafico (grafico Q-Q normal, grafico Q-Q sem tendéncia e boxplot;

Método por teste estatistico (testes de normalidade): Kolmorov-Smirnov e Shapiro-
Wilk.

Para a analise da associagdo entre a variaveis categaoricas utilizou-se:

Teste Exato de Fisher (variaveis com n < 50 em cada grupo);
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Teste Qui-quadrado (variaveis com n 2 50 em cada grupo).

A associacao entre os dados numeéricos das variaveis independentes, comparando

grupo com e sem obesidade, foi calculada a partir dos seguintes testes:

Teste T para amostras independentes: comparacao de variaveis com distribuicdo

normal (Teste de Levene foi aplicado para verificar a igualdade de variancias);
Teste U de Mann-Whitney, na comparac¢éo de variaveis sem distribuicdo normal,
A correlacdo entre as variaveis numéricas foi calculada a partir dos testes:
Correlacdo de Pearson: variaveis com distribuicdo normal;

Correlacdo de Spearman: varidveis sem distribuicdo normal.

A analise estatistica foi realizada no software Statistical Package for the Social Sciences (IBM
Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM
Corp). Nas analises foi considerado o valor de alpha de 0,05. Nenhuma técnica foi utilizada
para lidar com os ajustes para “missing data” sendo que todos os dados foram coletados de
todos os participantes para as medidas de funcdo pulmonar e avaliagdo da composicéo

corporal.
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4. Resultados

Esta tese foi escrita de acordo com o modelo alternativo, conforme as novas normas
do curso de Pds-Graduacdo em Saude da Crianga e do Adolescente da Faculdade
de Ciéncias Médicas (FCM), da Universidade Estadual de Campinas — UNICAMP.

Desta forma, os resultados foram apresentados através de artigos cientificos.



Artigo n° 01 - Revisdo Sistematica

Tabela 2: Descricao do artigo n° 01
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Title: Lung function in children and adolescents with obesity: a systematic review focusing on individuals with
no previous respiratory disease
Summary title: Lung function and obesity

Type of article: Systematic review

Authors summary

What is know?

(i) Obesity in children and adolescents is a risk factor to a higher morbidity and mortality due to multisystemic
impairment;

(i) Obesity as a deleterious factor in lung function is poorly understood.

What is knew?

(i) Spirometry was the most widely used tool to assess lung function in obesity and showed a high variability in
its values, with a trend towards reduced lung function markers in children and adolescents with obesity;

(ii) The different among the results in use of lung function do not allow us to reach a consensus on lung function

changes in children and adolescents with obesity.
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Abstract

Obesity in children and adolescents is associated with increased morbidity and mortality due to multisystemic
impairment, including deleterious changes in lung function, which are poorly understood. In this context, our aim
was to perform a systematic review to assess lung function in children and adolescents affected by obesity and to
verify the presence of pulmonary changes due to obesity in individuals without previous respiratory diseases. We
performed a systematic search was performed in the Medical Literature Analysis and Retrieval System Online,
Excerpta Medica Database and Virtual Health Library - Brazil databases using the terms “Lung Function” and
“Pediatric Obesity” and their corresponding synonyms in each database. A period of 10 years was considered,
starting in February 2008. After the application of the filters, 33 articles were selected. As main findings, articles
from 18 countries were included. Spirometry was the most widely used tool to assess lung function. There was
high variability in lung function values, with a trend towards reduced lung function markers (FEV1/FVC,
functional residual volume, expiratory reserve volume and residual volume) in children and adolescents with
obesity. New studies should require greater control of variables that influence growth and development to better
understand the influence of obesity on lung function of children and adolescents. In conclusion, the lung function,
measured by several tools, shows numerous markers with contradictory alterations. In the literature, these different
results do not allow us to reach a consensus on lung function changes in children and adolescents with obesity.

Keywords: lung function; obesity in adolescence; obesity in childhood; review; spirometry
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Resumo

A obesidade em criancas e adolescentes estd associada ao aumento da morbidade e mortalidade por
comprometimento multissistémico, incluindo alteracdes deletérias na funcdo respiratéria, que sdo pouco
conhecidas. Dessa forma, foi realizada uma revisdo sistematica para avaliar a funcdo pulmonar em criancas e
adolescentes com obesidade, e verificar se existe alteracdes pulmonares decorrentes da obesidade em individuos
sem doenca respiratdria prévia, incluindo a asma. No estudo, foi realizada uma busca sistematizada nas bases de
dados Medical Literature Analysis and Retrieval System Online — Public Medline, Excerpta Médica Database e
Biblioteca Virtual em Saude pelos termos Lung Function e Pediatric Obesity e seus correspondentes em cada
base. Considerou-se um periodo de 10 anos, a partir de fevereiro de 2008. Apds a aplicagdo dos filtros, foram
incluidos 33 artigos. Como resultado, foram incluidos artigos de 18 paises. A espirometria foi a ferramenta mais
utilizada na avaliacéo da funcdo pulmonar. Houve elevada variabilidade nos valores de fun¢do pulmonar, com
tendéncia a reducdo de alguns marcadores da func¢do pulmonar (VEFi/CVF, capacidade residual funcional, e
volume de reserva expiratdria) nas criancas e adolescentes com obesidade. Estudos necessitam de maior controle
de variaveis que influenciam no crescimento e desenvolvimento, para se obter melhor compreensdo da influéncia
da obesidade na fungdo pulmonar de criangas e adolescentes. Em concluséo, a funcéo pulmonar, obtida por varias
ferramentas, apresenta numerosos marcadores com alteraces em criangas e adolescentes com obesidade.

Palavras-chave: espirometria; funcdo pulmonar; obesidade na adolescéncia; obesidade na pediatria
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1. Background

Obesity (OMIM: # 601665) is a dysfunction that interferes with systems of the body and whose prevalence
increases in epidemic proportion. The comprehensive impact of obesity prompts researchers to reflect on its
deleterious effects, which progressively worsen the quality of life of increasingly younger individuals, leading
children and adolescents to suffer from impairments that had been previously observed among adults only. 88
The respiratory system is one of affected systems by obesity. Among adults, the most frequent findings in the
comparison of lung function of healthy individuals versus individuals affected by obesity are the reduction of
functional residual capacity and expiratory reserve volume. These changes occur due to impairment of respiratory
mechanics. Excessive adipose tissue, mainly on the thorax and abdomen, causes an increase in the intra-abdominal
pressure on the diaphragm and in the pressure of the fat tissue on the rib cage, hindering thoracic expansion and,
consequently, lung compliance. This change leads to a reduction in lung volumes and capacities and is
characteristic of a restrictive lung disease.86:87

Respiratory mechanics are not the only way of compromising lung function in obesity. There is also an
inflammatory component that causes obstructive pulmonary disorders. Adipose tissue macrophages produce
proinflammatory substances and adipocytes secrete hormones (adipokines), which reach the systemic circulation,
able to act directly on the respiratory system or alter the immune response. The entire pathophysiological process
favors the induction of bronchial hyperreactivity and may compromise pulmonary air flow.30.36.88

Figure 1 summarizes the mechanisms of lung function impairment due to obesity.

Despite the relevance of the topic, it is still not well-established when lung function changes start. Studies with
children and adolescents diverge in their conclusions. Body changes during childhood and adolescence, variations
in age range as well as in ethnic/environmental/genetic specificity make understanding of the cause-effect
relationship between obesity and lung function more difficult.

Obesity and its association with lung function have been more often studied to ascertain the diagnosis of patients
with asthma. Obesity and asthma have shown increasing prevalence in the last decades, and at the same time, they
share common aspects, including the inflammatory process.®-

Obesity and asthma have been described as concomitant risk factors, with characteristics of a cause-effect
relationship. The assessment of lung function in individuals with obesity and without asthma has yielded mixed
results. Comprehensive studies are needed to understand whether mechanical and inflammatory changes are

present in childhood obesity and during the process of growth. Further studies should verify whether the disorders
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manifest differently during childhood and adolescence due to body changes throughout these periods, especially
in individuals without a known lung disease, which is the focus of this systematic review.8-%

This systematic review aimed to assess lung function in children and adolescents with obesity and to verify the
presence of pulmonary changes due to obesity in individuals without previous respiratory diseases, including

asthma.

2. Methods

A systematic search was conducted in Medical Literature Analysis and Retrieval System Online, Public Medline,
Excerpta Medica Database and Virtual Health Library - Brazil databases. Platform-specific tools were used,
considering the descriptors (PubMed - MeSH Terms, Virtual Health Library - DeCS and Excerpta Medica
Database — Emtree Terms) and equivalent terms, as well as excluding the descriptor "asthma” in order to achieve
the objective of the study. The terms used in each database are described in table 1. The literature search included
articles published in the last 10 years in the English, Spanish and Portuguese involving the pediatric population
(pre-school children, school children, and adolescents).

The articles were selected in 3 stages, as detailed in figure 2. The titles were first read and the articles that were
not relevant to the review were excluded (358, 1,010 and 68 articles found in PubMed, Excerpta Medica Database
and Virtual Health Library, respectively, were excluded). After the first database search filter was used, the articles
were selected based on the abstracts (40, 35 and 6 articles found in PubMed, Excerpta Medica Database and
Virtual Health Library, respectively, were excluded). In the third stage, the articles were read in full and then,
carefully screened according to their relevance to the topic (10, 23 and 7 articles found in PubMed Medline,
Excerpta Medica Database and Virtual Health Library, respectively, were excluded).

Finally, 48 articles were selected. After the exclusion of duplicates 33 articles were included in the systematic

review.

3. Results

After the database search filters were applied, 33 articles were included for the analysis. Table 2 shows a detailed
informative and descriptive summary of the articles in this review: authorship, year of publication, place of study
(country), study objective, presence or absence of respiratory disease, type of study, type of evaluation of lung

function and type of posture and markers used in the analysis, main results and conclusions.
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A wide age range (5-18 years) could be observed in the studies, with a higher prevalence between 11-13 years,
which was an inclusion criterion in 69.7% (23/33) of the articles.10-3

In the results, it is important to highlight another relevant factor, namely, the exclusion of respiratory diseases,
since the focus was to evaluate the pulmonary changes resulting exclusively (or with the least possible influence
of other factors) from obesity. Therefore, including children with previous respiratory diseases could evolve into
sampling (selection of individuals), confounding (proven impact on outcomes) or information biases (previous
knowledge of an existing problem). In this context, 66.7% (22/33)11-1821-23.25-28303133-37 of the studies excluded
individuals with respiratory diseases, 27.3% (9/33)°*°° did not mention respiratory diseases as a factor of
exclusion or non-inclusion, and 6% (2/33)1%°1% excluded only individuals with a history of smoking. Among the
studies that excluded previous respiratory diseases, various exclusion criteria could be observed: some authors
excluded only individuals with exacerbation of asthma or cough; others excluded any respiratory conditions that
might impair the evaluation; and others used standardized instruments such as the ISAAC questionnaire (The
International Study of Asthma and Allergies in Childhood). This demonstrates the variability of methods adopted
among the studies, low standardization of exclusion/inclusion criteria, and difficulties/limitations to evaluate,
diagnose and exclude patients with possible respiratory diseases in some specific cases among the evaluated
children and adolescents.5®

Additionally, in the studies analyzed, the inclusion of healthy controls, without obesity, was described as a
criterion to compare lung function. In this context, 78.8% (26/33)10-12:14-1720-2932-3639-42 of the studies compared
individuals affected by obesity with healthy controls.

The included articles were produced in 18 countries, with a predominance of European (8)9%:929497.111,112,118,120,
South American (8)103:107.110.114,115,117.118,121 gng Agjan (7)%>96:99.100,108.113,122 coyntries. Also, 4 studies from North
American were included®9%10%1%5 a5 well as 1 from Central America'®, 1 from Oceania'’” and 4 from
intercontinental countries (3 Euroasians'®21%.116 and 1 from Asia and Oceania'?®).

In the evaluation of lifestyle habits, 15.2% (5/33)%3%:104113114 of the studies assessed the participation of
individuals in physical activities. Also, 9.1% (3/33)°7:194113 of the studies assessed screen time of the participants
and 1% study mentioned the administration of a lifestyle habits questionnaire, but did not detail the assessed
variables.

There was consensus on a uniform definition of obesity among the studies: 27.3% (9/33)100,104.106,112,113,116,117,120,122
used references by Cole TJ et al.1?4126; 21,29 (7/33)%.101,105.107,109,118.123 e the criteria established by the Center

for Disease Control and Prevention; 15.1% (5/33)103108.114115121 \;spd the definition of the World Health
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Organization (WHO); 12.1% (4/33)%°7110111 did not mention any references for the definition of obesity; and
27.3% (9/33)°1:92:94.9599.102,106.116,118 ysed references according to their countries of origin. Two!228 of the studies
mentioned above, used references by Cole TJ et al.***6in addition to references according to their country’s origin.
The use of inflammatory markers and their correlation with lung function was implemented in 6% (2/33)%1° of
the studies, demonstrating low percentage of studies, possibly interdisciplinary, in a group of individuals with a
systemic and complex problem. Among the studies that assessed inflammatory process, one study evaluated
fraction of exhaled nitric oxide!® and another serum levels of C-reactive protein, adiponectin, leptin, interleukin
6, tumor necrosis factor alpha, monocyte chemoattractant protein-1, visfatin and retinol binding protein 4.11°
Spirometry was the most commonly used tool to assess lung function, i.e., in 93.9% (31/33)10-2022-3840-42 of the
studies. Next, body plethysmography and measure of respiratory muscle strength were the most used tools in
12.1%  (4/33)100105120122  and  9.1%  (3/33)1031417  of the studies, respectively. Optoelectronic
plethysmography®'7, impulse oscillometry® !> and peak expiratory flow measured by peak flow meter were
included in the analyses of 6.1% (2/33)1%21%0 of the studies. Other tools were used in only one study each:
nitrogen® and helium'® washout, fraction of exhaled nitric oxide!®®, volumetric capnography*® and
methacholine challenge testing.%®

Among the spirometry variables, forced expiratory volume in the first second (FEV1) was the most prevalent
marker in the studies, included in 90.9% (30/33)10:12-20.22-38,40-42 of the analyses, followed by forced vital capacity
(FVC) and the FEV1/FVC ratio, used in 87.9% (29/33)10-20.22-3032-34,36-38,40-42 and 72,7% (24/33)10.12-15,18-202225
30,32-34,36-38.40-42 of the studies, respectively. Forced expiratory flow between 25 and 75% of FVC (FEF 25.754) Was
also a widely assessed marker, being analyzed in 57.6% (19/33)1595110-113,115,116,119,121,122,96,100,101,104-107,109 of the
studies. In addition, peak expiratory flow measured by spirometry and peak flow meter were included in 33.3%
(11/33)91,92,116,100,102,106,107,109,110,113,115,38 of the studies.

Among the variables analyzed by other tools besides spirometry, total lung capacity and functional residual
capacity could be observed in 21.2% (7/33)°1:101.104,105120-122 and 18.2% (6/33)%1.101:104105120122 of the studies,
respectively.

The comparison of the studies with a control group that showed comparative values or significant associations is
described in table 3. In this context, a great number of studies for each variable could be observed due to the

selection of various evaluated markers.

4. Discussion
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4.1. Effects of growth and development on lung function

Childhood and adolescence are characterized by major changes in the structure and functions of the human body
systems. The physiological processes that influence lung function in 6-year-old children are different from those
influencing 15-year-old adolescents, even if we disregard other multiple factors, such as gender, ethnicity,
environment and genetics. Changes in lung function of adults with obesity are related to increased intra-abdominal
pressure due to the deposition of fat in this region, which compromises the efficiency of diaphragmatic mobility,
as well as the deposition of fat on the rib cage, which reduces the complacency of the same. However, such aspects
are insufficient to understand the influence of obesity on lung function of children and adolescents. 4

Figure 3 lists some factors that influence lung function in children and adolescents and that should be considered
in the discussion about the variability of the findings in this systematic review. The first factor is the increase in
lung volume and surface for gas exchange until approximately 8 years of age. In this context, 45.5%
(15/33)10.11,14.19-22,26,2932,:33.3539.41 of the studies in this review included individuals with less than 8 years old — a
period characterized by airway growth and development. Among these studies, 1410:11.14.19-22.26.29.32333541 jnclyded,
at the same time, individuals over 8 years of age — a period, in which the respiratory tract is anatomically formed.
According to the literature, until the end of the preschool age, the respiratory tract growth follows a dysanaptic
pattern, i.e., the growth of the airways is slower than the growth of the lung parenchyma. After this period, the
growth is isometric, showing greater homogeneity. This pattern of growth up to early childhood may lead to
increased airway resistance and higher risk of obstructive processes in these individuals, especially in males, who
have proportionally smaller airways than females during this maturation period. Thus, the findings regarding lung
function in children and adolescents should be analyzed considering the phase of lung growth and development
of the child.

The second and third factors described in figure 3 are interrelated and associated with changes arising from
growth. The onset of puberty marks the beginning of a process of maturation, characterized by body and
psychological changes. The changes vary according to gender, and in women, the pubertal development begins
approximately 2 years earlier than in men. Morevoer, hormonal changes may directly influence lung function: at
first, by growth spurts, followed by increase in trunk height and ribcage diameter, which influence the increase in
lung capacity and volumes. Another example is the increase in the production of male testosterone during puberty,
which triggers a peak muscle growth, which includes the respiratory muscles and favors the increase of FVC and

respiratory flows.*



58

Among individuals affected by obesity, the changes mentioned in the previous paragraph tend to occur at an earlier
stage. Although the mechanisms are not yet well-established, studies have shown a relationship between insulin
resistance and increased serum levels of leptin. Thus, comparing individuals of the same age group, at different
stages of pubertal development and different genders, may be a bias in the analysis of lung function. Of the studies
included in the systematic review, 21.2% (7/33)°197:98.101,106,110.119 analyzed pubertal development.*

The last item described in figure 3 is fundamental to understand lung function in children and adolescents and is
associated with physical activities and sedentary lifestyle habits. In this context, we should emphasize that the
comprehensive knowledge of the studied sample is of utmost importance. Today, the majority of the population
is sedentary, and sedentary behaviors are not exclusively associated to the group with individuals affected by
obesity. So, if the sample is composed of individuals with obesity under treatment/follow-up and healthy controls
with sedentary lifestyle habits, there may be a bias in relation to cardiorespiratory conditioning, which may affect
lung function. Therefore, in the analysis of lung function in children and adolescents with obesity, information
about physical activities and screen time is fundamental.5%5!

Interestingly, despite the importance of this data, only 15.1%(5/33)%%6:104113.114 of the studies in this systematic
review assessed participation in physical activities, 9.1% (3/33)%"1%4113 included the assessment of screen time,

and 1% study mentioned lifestyle habits without details of the assessment items.

4.2. Measurement tools to define obesity

Body mass index (BMI) was the most commonly used tool to determine obesity in children and adolescents.
However, the criteria to define obesity varied among the studies. The option of using country-specific standards
of normality or those published by the Center for Disease Control and Prevention or World Health Organization,
determined the lack of homogenization of the samples. Also, the cut-off points for the definition of obesity within
the selected references were different. Therefore, the use of comparable criteria between the studies would allow
amore precise definition regarding the presence of obesity in children and adolescents. Comprehensive references,
including data collection at a global level, are best indicated as they analyze normality patterns, taking ethnic
differences into account.

The amounts of body fat and lean mass make the assessment of lung function in individuals with obesity more
reliable. This can be explained because BMI, which is the most commonly used indicative of obesity, shows some

limitations. BMI measures excess weight rather than excess fat and the variability due to gender, age, ethnicity
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and lifestyle habits may act as modifiers. Thus, well-trained individuals with high lean mass indexes are classified
with obesity.>2

In this systematic review, only 12.1% (4/33)%198103122 of the studies used instruments that allowed the
quantification of body fat. The first study used bioimpedance®, which estimates fat mass, fat-free mass and total
body water. The second study®® used bioimpedance and the skinfold measurement test, which estimates the
amounts of fat in each segment. However, the literature reports that this method has its limitations for the
assessment of individuals with obesity.%® The third study?® only analyzed the skinfolds, and the fourth!? used
bioimpedance and dual energy X-ray absorptiometry, which is a more accurate tool, as dual energy X-ray
absorptiometry assesses the amount and distribution of fat and lean body mass. The analysis of the distribution of
body fat is an important tool to detect alterations caused by impaired respiratory mechanics, which is greater with

the increase of fat in the thorax and abdomen.

4.3. Obesity epidemic reflected on the diversity of the studied populations

The inclusion of studies with individuals from almost all continents, except from Africa, is relevant for the analysis
of the findings. They reflect a global epidemic of obesity among children and adolescents. According to the World
Health Organization, the prevalence of overweight and obesity among children aged 5-19 years increased from
4% in 1975 to 18% in 2016. Currently, more than 124 million children and adolescents are affected by excess of
weight. Weight gain trends include both developed and underdeveloped countries, and currently, overweight and
obesity are more prevalent and more often associated with causes of death than underweight, except in some parts

of Africa (especially sub-Saharan Africa) and Asia.>*%

4.4. Trends related to lung function in children and adolescents with obesity

The variability of the results showed an inability to establish lung function changes in children and adolescents
with obesity. However, some trends have occurred and are discussed as follows.

Among the variables analyzed, the comparison of FEV1/FVC between individuals with obesity and healthy
controls was observed in 54.5% (18/33)10:12141522,25-20,32-34,36,37.4042 of the studies and of these, 55.6%
(10/18)%.97,98,100.007.111-113,118.123 foynd lower value or negative association of the variable with obesity. The
described changes may be an indicative of the obstructive disordernson in individuals affected by obesity during

childhood and adolescence. The obstruction is related to pro-inflammatory activity of the adipose tissue, which
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could trigger bronchial hyperreactivity. Prior to our study, a review described similar findings regarding
FEV./FVC.5%

The analysis of inflammatory markers to identify systemic impacts caused by obesity was reported in only 6%
(2/33)100129 of the studies. One study*® did not make any references about comparisons with the healthy controls
group. But, in another study'®, a positive association of fraction of exhaled nitric oxide with BMI was determined,
suggesting that inflammation was more often detected in individuals affected by obesity and that these
inflammatory changes should be considered in the clinical evaluation.

Despite the changes in FEV1/FVC, in the 22101214-17.22-29,32-3640-42 g djes that analyzed FEV: in children and
adolescents with obesity and healthy controls, there were discrepancies in the findings to confirm the presence of
obstructive ventilatory disorder: (i) 56.5% (13/23)1416:17:22.23,25.26,28,33,343540.42 found no differences or associations
between the groups; (ii) 26.1% (6/23)%7-9%103106.113 fond |ower value or a negative association between FEV; and
obesity; (iii) 17.4% (4/23)%396190.112 found higher value or a positive association in individuals with obesity. Thus,
FEV1 was not associated with lung function impairment in overweight individuals.

FEF25.750% should also be considered, as it is a marker of obstructive ventilatory disorder. Some studies indicate
that this tool is more sensitive than FEV1, and it can detect early ventilatory changes, especially in the small
airways.”% However, as with most variables, there was also variability in the results. In total, 48.5%
(16/33)10.12,14.16,17,.22-2833,36.40.42 of the studies analyzed FEFjs.750 0f individuals with obesity and healthy controls
and of these: (i) 43.8% (7/16)%96101.104105110.115 fond no differences and associations between indicators of
obesity and FEFzs.750,; (i) 46.7% (8/16)106:107.109,111-113,116,118 fond lower value or a negative association of FEFs.
750 With obesity; (iii) 1 (6.6%) found a positive association between FEF2s.754 and obesity in children and
adolescents.

In short, FEV1/FVC was the spirometry marker with the greatest sensitivity to identify a possible obstructive
process due to obesity in children and adolescents. However, the variability of this marker — and, even more of
other indicatives of obstruction — was high, regardless of the study. Thus, it it of utmost importance that cohort
studies be conducted on indicatives of stages of growth and body development, which are different between
individuals affected by obesity and healthy controls and also influence lung function. Pubertal development or
age cohorts considering the time of dysanaptic growth and isometric growth would considerably reduce
confounding factors and allow better understanding of lung function changes due to obesity in children and

adolescents.
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In the evaluation of FVC, which indicates restrictive respiratory disorder, 66.7% (23/33)10:11:12.14-17,20,22-29,32-34,36,40~
42 of the studies included comparison with healthy controls and 43.5% (10/23)121417:25.26.28,34.36:40.42 of them did not
find any differences between individuals with or without obesity. Only 21.7% (5/23)%7-9%103.111 found a negative
association or lower values of FVC in children and adolescents with obeisty. In a systematic review conducted in
2012, the authors concluded that the literature references demonstrated an association between reduced FVC and
FEV: with obesity in children and adolescents, in disagreement with our findings.®

Besides the spirometry variables, some other measures contributed to the analysis of lung function in children and
adolescents with obesity. The total lung capacity, functional residual capacity and residual volume were markers
used in only 9.1% (3/33)%°1104105 of the studies comparing individuals with obesity and healthy controls. It was
observed that, in all these studies, individuals affected by obesity showed lower value or a negative association of
functional residual capacity and residual volume with obesity. However, there were no differences in relation to
total lung capacity. If total lung capacity —which is the sum of the inspiratory capacity, functional residual capacity
and residual volume — does not present a difference between individuals with obesity and healthy controls, and if
functional residual capacity and residual volume are reduced, it can be assumed that IC should be higher in
individuals affected by obesity. Only 2102193 stydies analyzed this variable and found a higher value or a positive
association of IC with obesity.

These results are in agreement with a systematic review published in 2016, which evaluated the effects of obesity
on lung volume and capacity in children and adolescents, and found a reduction in some markers in obesity,

especially the reduction in functional residual capacity,expiratory reserve volume and residual volume.®

4.5. Issues on respiratory physiology and biomechanics requiring further investigation

The values for respiratory mechanics of individuals with obesity are incoherent. Some hypothesis and questions
can be raised, namely:

(i) If obesity, especially abdominal and thoracic, hinders diaphragm and movements and ribcage expansion, how
can individuals with obesity have higher inspiratory capacity than healthy controls?

(i) Are individuals with obesity actually "stronger" and are, therefore, able to inspire more air?

(i) However, if there is an increase in respiratory muscle strength, considering the 9100:102.106,107.109,110,113,115,116
studies that analyzed peak expiratory flow measured by spirometry (individuals with obesity x healthy controls),

why did only 219019 studies find a positive association with obesity? Why did 4202107110116 stydies find lower
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value or a negative association between obesity and peak expiratory flow measured by spirometry? And, why did
3106113115 sty dies find no differences between groups?

(iv) Are lung function changes in individuals with obesity due the differences between males and females, since
in females, there is a pattern of gynoid obesity, with higher fat concentration on the hip and legs; whereas in males,
an android pattern occurs, with more volume of fat in the chest and abdomen?

(v) It is well-known that individuals affected by obesity tend to initiate pubertal development earlier than healthy
individuals. So, is there greater muscle development among individuals with obesity, which tends to be balanced
at the end of puberty? Can impairment of lung function in individuals with obesity be clearly observed after

puberty?

4.6. Confounding biases to clarify the mechanisms that interfere with lung functions in children and
adolescents affected by obesity

Obesity is a multisystemic dysfunction, and therefore it is difficult to control the variables in order to understand
the damage to lung function. For this reason, we have reported high variability in the results. Given the studies
included in this systematic review, we are not able to establish which ventilatory changes are due to obesity in
children and adolescents, even excluding data whose focus was the influence of asthma on obesity, which is a bias
in this analysis. There are mechanisms that correlate both dysfunctions. However, these are changes whose
prevalence had a directly proportional increase in the last decades, and the causal relationship between them may
hinder perception of what is actually a consequence of obesity and/or asthma. 8-

The findings of this review, although inconclusive, may give us a direction for future researches. The strategies
include: greater sampling control; reduction of confounding variables; conducting interdisciplinary and
longitudinal studies with individuals with obesity versus HC; detailed analysis of environmental and social
aspects; validation of findings among different populations; larger sample size; inclusion of measurements of lean
mass and fat mass in order to unify and establish better criteria to define for obesity; and future studies aiming to
associate different genetic aspects, with predisposition to variability for weight gain, as well as for the individual
nuance of lung function.

Thus, the inclusion and analysis of lung function in children and adolescents have become fundamental. Pubertal
staging should be considered in order to avoid the influence of early maturation of individuals affected by obesity
on the overestimation of lung capacity. It is important to analyze fat distribution, considering the concentration of

abdominal and thoracic fat as factors that directly influence lung function. For this analysis, the use of instruments,
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such as dual energy X-ray absorptiometry, may help determine the influence of the distribution and amount of
body fat on lung function.

Assessing respiratory muscle strength with manuvacuometry or the distribution of lean mass with dual energy X-
ray absorptiometry, or even amount of lean mass using bioimpedance, also favor the understanding of the physical
conditions, which influence lung function in children and adolescents. In order to analyze physical conditions, it
is also important to include the evaluation of the programmed and non-programmed physical activities as well as
the screen time.

It is essential to exclude previous respiratory conditions that may influence lung function and control variables
that are indicatives of inflammation, including C-reactive protein, erythrocyte sedimentation rate, fraction of
exhaled nitric oxide or serum levels of leptin, adiponectin, interleukin 6 and tumor necrosis factor alpha, which
will allow precise determination of the influence of overweight in lung function of children and adolescents with

obesity.

5. Conclusion

The different results observed for lung function in children and adolescents with obesity shows that there is no
consensus on the impairment in these individuals in the literature. Considering the influence of growth and
development on the function of all systems, it is fundamental to control the variables to reduce sampling,
information and confounding biases, as well as to enable the analysis of the deleterious effects of obesity.
However, studies on individuals with obesity describe a trend towards lower FEV1/FVC, functional residual
capacity, expiratory reserve volume and residual volume, suggesting that both mechanical and inflammatory
impairments influence lung function throughout childhood and adolescence.

Studies on pubertal development would be significant for a standard comparison including hormonal and
structural changes in this period and the onset and duration of maturation. The quantification and distribution of
body fat and the analysis of lifestyle habits would promote coherence and standardization on this subject, favoring
the clinical approach of individuals.

The prevalence of obesity has increased worldwide, and although it is a relevant public health problem that affects
all age groups, the role and methods to evaluate its impact on lung function in children and adolescents is little

known, and full understanding of the topic is still far from being attained.
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Table 1. Descriptors used for the database search MEDLINE-PubMed (Medical Literature Analysis and Retrieval
System Online- Public Medline), Embase (Excerpta Medica Database) and VHL (Virtual Health Library-Brazil).

Term PubMed (MeSH Terms)

Pediatric obesity  Childhood obesity

Adolescent obesity

Lung function Respiratory function tests

Spirometry

VHL (DeCS)
Childhood obesity
Obesity, pediatric
Obesity, childhood

Childhood onset obesity
Obesity, childhood onset
Child obesity
Obesity, child
Childhood overweight
Overweight, childhood
Obesity in childhood
Adolescent obesity
Obesity, adolescent
Obesity in adolescence
Adolescent overweight
Overweight, adolescent
Function tests, pulmonary
Function test, pulmonary
Pulmonary function test
Test, pulmonary function
Tests, pulmonary function
Function test, lung
Function test, respiratory
Function tests, lung
Function tests, respiratory
Lung function test
Respiratory function test
Tests, respiratory function
Lung function tests
Pulmonary function tests

Embase (Emtree Terms)
Childhood obesity
Child obesity
Obesity in adolescence

Respiratory function
Lung function test
Spirometry



Table 2. Descriptive analysis of the articles included in the systematic review.
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China focus on changes in atopy Lo . o (CLD 88 NO analyzer®, Evo i FEF2s5.750%, FENO . FEF2s.75%, and reduction of FEV1/FVC
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SBP, FVC, low weight, overweight and obesity, FVVC/weight; and lower
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Yes (individuals with chronic or WC, BMI, SBP, FVC, FVC/weight, prevalence of underweight, Inadequate nutritional status was associated with BP, FVC, caries
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Hyperinsulflation of the abdominal rib cage occurs during
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of the rib cage abdominal thoracic cavity without ventilatory and metabolic
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. . Yes (syndromic children with
Ozgen et Jo st th? Eluon bgtween_ i funpuo_n endocrine conditions added to 74 obese children (13.4 + . . . FVC, FEV4, Lower FEV1, FEF2s.75 and distance covered in the 6MWT in the group . . .
= tests and functional capacity during exercise in . . . Cross- Spirometry (Spiro Lab I, ATS - position not - S : . Pulmonary and functional exercise capacity were lower among obese
al.'4 (2015) - obese children obesity, history or evidence of sectional 2.3 years) and 36 not obese MIR®, Rome, Italy) mentioned FEV1/FVC, with obese individuals. There was a (-) correlation of the distance covered individuals
Turkey cardiovascular, respiratory or hepatic children (12.7 + 1.9 years) ' » 1aly FEF25.750%, PEF in the 6MWT with the standard deviation of the BMI
metabolic diseases)
FRC below normal was the most frequent alteration in lung function
To evaluate the correlation between obesity Yes (children with respiratory or . 0 Lo Lo o in the group with obese individuals. BMI z-score and obesity indexes
Kongkiattku indexes (anthropometry and bioimpedance) neuromuscular diseases that could Spirometry and Body Standardized FVC, FEV;, 64.4% of the obese individuals had a reduction n FRC, 7% had OVD that correlate with the central distribution of fat (waist-height ratio,
18 . . L X Lo Plethysmography (Vmax 6200 . (FEV1 <80% and/or FEF2s.750, <70% of predicted) and 2% RVD - .
letal. and lung function parameters and to identify if affect lung function assessment, Cross- 45 obese individuals and TM s . instrument and FEV1/FVC, . . . % of fat mass, fat mass index and% of fat in the trunk) had a (-)
. - L - : X o : Autobox™ diagnostic system - . (TLC<80% of predicted). There was a (-) correlation of FRC with BMI z- . - - . : S
(2015) - the indexes correlate with abnormalities in respiratory infection within 2 weeks sectional aged 8-18 years - : position not FEF25.75%, FRC, . ) : . . correlation with FRC. The indices may help identify the reduction in
. . . S SensorMedics, Yorba Linda, : score, waist-height ratio, % of fat mass, fat mass index and % of fat in the . .
Thailand lung function of obese children and before the test, and inability to CA mentioned TLC FRC and should be used to assess obesity. The fat mass index> 17
, USA) trunk ) ; : o
adolescents perform the tests) kg/m# may be a screening tool in obesity, risk for low FRC, and the
need for respiratory care to prevent pulmonary complications
FVC, FEV4, . Lo Changes in Spirometry associated with FEF alterations suggested
Ferreira et To assess the influence of obesity on physical Yes (chronic and/ or respiratory c 38 obese individuals and Spirometry (CPFS/D - FEV./FVC, Vi e i @lress e el showed o FE.Vll FVC, FEFas, obstructive change in 36.8% of obese individuals. The changes in
1 . . : . ross- L ; . ATS and ERS - FEFso%, FEF7s50%, FEF25.750%, PEF, and distance covered in the 6MWT. Males - - X . :
al.**(2014) - and lung function of obese children and diseases, neurological and/or sectional 39 healthy individuals MedGraphics Saint Paul, standin FEF 250, FEFs00, were associated with lower EEF when compared to females in both arouns lung function did not present a direct correlation with the
Brazil adolescents and to associate the variables with physical limitations) aged 5-17 years Minnesota, USA) g FEF750%, FEF25. P group performance in the 6BMWT, but with the perception of effort in the
a control group 75%, PEF, ERV exercise
Individuals had Spirometry levels within the parameters of normality.
However, when they were characterized by BMI and WC, adolescents with
total and trunk adiposity had lower % of predicted rates for pulmonary Mechanical overload caused by adiposity and some metabolic
volumes, including RV, RV/TLC, ERV and FRC and higher IC. In the abnormalities (HOMA-IR and HDL) were independent predictors of
univariate analysis, adiposity and metabolic abnormality were predictors of  adolescent lung function deficit. The findings suggest that the early
Rastogi et To investioate the association between total fat Smoking [overweight individuals, 168 Hispanic and African Spirometry and Bod FVC, FEV;, lung function; high HOMA-IR predicts reduction in FEV1/FVC, RV, assessment of metabolic risk in obese children may help identify
al.*2 (2014) g ' . . ’ chronic inflammatory conditions adolescents aged 13-18 P y Y . FEV1/FVC, RV/TLC, ERV, FRC; and increased IC. Low HDL predicts low FEV1/FVC individuals at risk of developing lung diseases. However, studies are
- trunk fat and metabolic abnormality with lung . - Cross- Plethysmography ATS - position not . . . ; . - .
— United . L (rheumatologic, endocrine, . years (82 obese and 86 : . . FEF25.75%, TLC, and RV/TLC; and high IC. Patients with asthma presented lower needed to understand the influence of the pathophysiology of obesity
function of a sample of minority urban . . sectional : (SensorMedics, Yorba Linda, mentioned . - : .
States of adolescents gastrointestinal, or renal — study does normal weight California) RV, RV/TLC, FEV1/FVC, without changes in lung volume. ERV was lower in males than on lung function
America not mention respiratory conditions)] adolescents) ERV, FRC, IC in females. In the multivariate analysis adjusted for total fat and trunk,
increasing HOMA-IR was a predictor of lower FEV1/FVC and ERV, and
low HDL had a (+) correlation with FEV1/FVC. Total adiposity was
predictor for IC, FRC, RV and RV/TLC; and adiposity in the trunk, RV and
FRC. Among the covariates, asthma was a predictor for FEV1/FVC,
females for ERV, and Hispanics for ERV and IC
Spirometry: ATS Baseline BP and HR were higher among obese individuals and SpO2 was
and ERS - lower. MVVV, FVVC and FEV1 were lower in obese males when compared to ~ The distribution of body fat alters lung function in a sex-dependent
Fariaetal’®  To investigate luna function response durin Yes (history of acute or chronic 92 adolescents aged 10-17 Spirometry (CPFS/D - position not FVC, FEV4, HC. IC in the group with females + obesity was higher than the group with  manner among obese individuals and does not change after exertion
(2014) a exercise ingnon-mogrbid obese adglescents angd respiratory diseases, thoracic or Cross- years - 47 obese (23 MedGraphics Saint Paul, mentioned FEV./FVC, IC, females + control. ERV was lower in both sexes among obese individuals
Brazil without respiratory diseases skeletal deformity, heart diseases and sectional males) and 45 HC (21 Minnesota, USA), FMR Manuvacuometry:  ERV, VC MVV, when compared to controls. There were no differences in lung function
P y congenital diseases) males) (Gerar®) Standardized MIP, MEP before and after exercise. RMS showed differences between the sexes, but
instrument not not between obese individuals and HC
mentioned -
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To investigate the relationship between age,
sex and BMI and lung volume of healthy
individuals aged 6-17 years

The objective was to evaluate: (i) whether
overweight or obese children and adolescents
can be submitted to submaximal exercise; (ii)

respiratory limitations during exercise in
overweight and obese children and adolescents
compared to the control group

To investigate the left ventricular mass
(echocardiography) of obese children, with and
without metabolic syndrome; to evaluate the
association between the level of adipokine and
circulating cytokine and the alteration of left
ventricular mass and Spirometry; and to
determine the best variable to predict
cardiovascular risk

To evaluate whether lung function measured in
standing position is higher in overweight and
obese children, when compared to the sitting

position

To evaluate WC as a predictor of lung function
markers and to compare it with BMI in
children and adolescents

To investigate whether overweight or obesity

are associated with abnormalities in 10S in a

random sample of pre-school children aged 6
years

To evaluate the effects of obesity on lung
function and to define the relation of BMI as
independent variable and PEF as dependent

To evaluate lung function of obese children
and adolescents (without asthma) by
Spirometry and VVC and to compare them to
healthy controls of the same age group

To compare bronchial hyperreactivity by the
methacholine challenge testing in Mexican
children with normal weight. In addition, to
associate the group with normal weight with
children with obesity or morbid obesity

To evaluate the effect of obesity on lung

function in a cohort of children aged 6-11

years and to associate obesity, atopy and
asthma

Yes (children with cardiorespiratory
or ribcage diseases, asthma and
individuals with reversible
obstruction in spirometry)

Yes (children with chronic
cardiorespiratory problems or if it
was not safe to exercise due to
medical and/or musculoskeletal
conditions)

Yes (children with chronic diseases
and/or Tanner =5 (to avoid sexual
dysmorphism of adipokines analyzed
at this stage)

The study does not mention
respiratory conditions, only organic
causes or diseases that may lead to
obesity, conditions that may restrict

the ability of being physically active
and the use of medication that acts on
growth or weight gain

Not mentioned (8 participants were
excluded because they presented
reduced lung function value and low
reproducibility)

Not mentioned

Yes (children who had major
dysfunctions - cardiac, respiratory,
renal or hematological or those with
asthma symptoms)

Yes (children with a history of
respiratory diseases - asthma,
obstructive sleep apnea or chronic
obstructive pulmonary disease)

Yes (underweight children, chronic
respiratory diseases - including
asthma and rhinitis, acute respiratory
infection in the last month, endocrine
diseases, dysmorphic dysfunction or
exposure to tobacco)

Yes [high or low respiratory
infection, exacerbation of asthma in
the last 3 weeks, uncontrolled asthma
(GINA), congenital heart
abnormality, thoracic deformity or
neuromuscular diseases]

327 healthy individuals Spirometry, Body

O ) Plethysmography
d'v'dEd. into 4 groups: [SensorMedics (Northridge,
underweight (pBMI< 5), :
) . CA) Vmax 22 system with
Retrospective normal weight (pBMI
. volume measurement by the
between 5-85), overweight
6200 autobox and Vmax
(pBMI between 85-95) and Legacy Plethysmography
obese lndwlgg)als (pBMI 2 software (Viasys, Yorba Linda,
CA)l
Spirometry (SensorMedics,
Cross- 26 obese individuals and  Yorba Linda, CA, USA), multi-
sectional and 25 HC aged 10-18 years breath nitrogen wash-out
prospective (Vmax 29, hardware and
software - Sensormedics)
Cross- 41 obese individuals and
; older than 8 years (20 with Spirometry (Frow Screen -
sectional and . o
I metabolic syndrome Jaegger®)
descriptive o
criterion)
Randomized 115 overweight individuals Spirometry (Vmax Series,
and cross- and 92 obese individuals SensorMedics, Yorba Linda,
over aged 7-17 years CA, USA)
Spirometry (Sistema
Cross- 718 individuals aged 6-17 MedGrahics CPFS - Medical
sectional years Graphics Corporation, St. Paul,
MN, 1992)
Cross- 518 preschoolers aged com I8 (1 EEEemEer (06 -

CareFusion, Hochberg,

sectional 6 years Germany)
Cross- 1,439 children aged 6-14 PFE (Mini Wright Peak Flow)
sectional years
Spirometry (CPFS/D - Medical
Graphics Corp., MN, USA and
Lo software Breeze PF 3.8 -
g y USA) and VoIC (CO2SMO -
Dixtal, Sdo Paulo, Brazil)
Spirometry (Vmax, Sensor
Medics, Anaheim, CA),
229 children aged 10-18 methacholine challenge testing
Cross- years (40 - normal weight, (provocholine, 100 mg,
sectional 116 — obese and 73 — Methaparm, Inc., Coral
morbidly obese children) Springs, FI) performed with
dosimeter (Mark Salter Labs,
Arvin, CA)
2,715 children aged 6-11
Cohort years, (1,978 - normal

weight, 357 — overweight Spirometry (Vitalograth 2120)

and 300 — obese children)

FEV1, FVC,
ATS - position not ~ FEF5.750, TLC,
mentioned VC, FRC, ERV,
RV, Dico
Spirometry: ATS - FVC, FEV;,
position not FEF25.75%, FRC,
mentioned TLC, RV
. FVC, FEVy,
FEF25.75%
" FVC, FEVy,
ERS - sitting and FEFsom,

standing FEV./FVC, PEF

ATS - position not FVC, FEV;,
mentioned FEV1/FVC
Airway resistance
ATS and ERS - at 5 Hz and
position not pulmonary
e reactance at 5 Hz
GINA, 2_005 - PEE
standing
Spirometry: ATS FVC, FEV4,
and ERS - FEV1/FVC,
position not FEF750, FEF2s.
mentioned 75%, ERV, MV,
VolC: MVay, TV, TVay,

Standardized DSV, DSV/TV,
instrument not IC EtCO,, VCOg,
mentioned - RR, SpOy, Slpy,
sitting Slps, Slp/TV,
S|p3/TV
Spirometry: ATS - FVC, FEV;,

sitting FEF25,75%, PEF
ATS and ERS - FVC, FEV4,
position not FEV1/FVC,
mentioned FEF25.750%

Obese individuals shower lower values in the predicted % of FRC and
ERV. RV was lower in the groups with overweight and obese individuals.
Individuals with low weight had lower FVC and RV. In the group with
obese individuals, there was lower FEV1/FVC. Additionally, there was a
(+) linear association of the BMI z-score with the % of predicted of FVC,
VC and Dico and (-) linear association of the BMI z-score with the %
predicted of FRC, ERV, RV and absolute value of FEV1/FVC

There was no difference between the groups for TLC, FVC, FEV; and
FEFs.75%. However, the groups with overweight and obese individuals
presented lower z-scores of the FRC and RV. The expiratory flow during
the submaximal exercise was associated with the variables of weight (z-
score BMI, weight and % of fat mass) and FEF25.7s4

MCP-1, LAR and CRP were higher in the presence of metabolic syndrome.
There were no differences between the groups, with and without metabolic
syndrome, for Spirometry and left ventricular mass

15% of the patients had asthma. Females, when compared to males, showed
higher value of FEV: and FVC. FEV1, FVC and FEFsgy Were higher in
Spirometry performed in the sitting position when compared to the
evaluation in the standing position. In the linear regression analysis, the %
of BMI, diagnosis of asthma, use of corticosteroids and sex were associated
with changes in FVC, FEV1, FEFse and PEF

WC had a (+) correlation with FVC and FEV1, and (-) correlation with
FEV1/FVC. On average, 1 cm increase of WC was associated with an
increase of 7 mL of FVC and 4 mL of FEV1. The assessment of height
showed no changes in the association between WC and lung function.
However, by adding body weight, the 1cm increase in WC was associated
with an increase of 4 mL in FVC and 2 mL in FEV;

The study found no differences in resistance and reactance at 5 Hz in
children with high BMI

Simple multiple linear regressions showed reduced PEF associated with an
increase in BMI category. PEF was lower in the group with obese
individuals when compared to non-obese individuals

The lowest z-score of FEV1/FVC, FEF7s and FEF 2575, 0ccurred in the
group with obese individuals, and 36.8% of obese individuals had FEF25.754
lower than 70% (OVD by flow), and changes did not occur in the control
group. In CV, the group with obese individuals showed lower DSV/TV and
Slps/TV. In the linear regression, the BMI z-score influenced FVC,
FEV1/FVC, FEF750, FEF25-7506, TVaw, DSV/TV, VCOs,, S|p3 and S|p3/TV
There was no response to BD among obese individuals. In the division by
age group (5-11 years or > 11 years) there were changes of FEV1/FVC in
both groups and only in the older individuals for expiratory flow and
pulmonary volume

In the group with obese or morbidly obese individuals, there was higher
FVC and lower FEFs.750, When compared to children with normal weight.
Obese individuals, when compared with morbidly obese, had lower FEFs.
75%. PEF was higher among obese children when compared to children with
normal weight or with morbid obesity. During the methacholine challenge

testing, FEV1 was lower among obese children than in morbidly obese
children, starting from dose of 0.25 mg/mL up to dose of 16 mg/mL. In the

comparison of group of normal weight individuals with the group with
obese individuals, there was higher value of FEV; during methacholine
challenge testing with 0.25 and 1 mg/mL of methacholine and lower with 4
and 16 mg/mL in the control group

Among overweight individuals, FVC, FEV1, FEFs.754 and FEV1/FVC
levels were lower when compared to controls. Although the diagnosis of
atopy and asthma is frequent in overweight and obese children, there was

no difference in lung function in individuals with and without asthma. High
BMI was an independent variable to predict reduction in Spirometry
(mainly for FEF2s.750%) and a risk factor of asthma and atopy. When
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Obesity was related to lower lung volume in children and
adolescents. Changes in lung function may result in worsening
respiratory symptoms and reduced functional capacity. Thus, there is
a need to develop and implement effective strategies to prevent and
manage obesity in childhood and adolescence

Young overweight and obese individuals may perform submaximal
tests, and they tend to have a higher limitation of expiratory flow
during submaximal exercise than healthy children. The use of
compensatory breathing strategies allows overweight individuals to
exercise at this intensity without feeling short of breath

Obesity with metabolic syndrome has a higher degree of
inflammation, and CRP is the best predictor of vascular risk.
However, left ventricular mass and Spirometry were not influenced
by the chronic inflammatory state in obese children and adolescents

FVC, FEV1 and FEFsoy Were higher in the sitting position when
compared to the standing position. However, the increase had little
clinical significance. In this way, the sitting position is the most
appropriate posture to perform forced expiratory flow-volume
maneuver

The association (-) of WC and FEV1/FVC may be related to
adiposity and/or lower predictability of FEV1 in relation to
FEV1/FVC in children. Thus, overweight and obesity is likely to be
associated with reduced lung function in childhood

In children aged 6 years, abnormalities in 10S were not associated
with increased BMI. 1OS requires little cooperation to have the test
performed, unlike Spirometry. Therefore, this technique enables the

analysis of pulmonary development with the age by measurements in
series, from childhood to adolescence

PEF was lower in obese children than in non-obese children. As PEF
is an indicator of pulmonary airflow resistance, there was an increase
in respiratory resistance in obese children. The association of high
BMI with reduced PEF indicated that obesity is a risk factor for
reduced airflow and lung function. Reduced prevalence of asthma
may be a result of the patients” awareness and obesity prevention,
i.e., prevention of obesity can reduce respiratory symptoms

Even without the diagnosis of asthma by clinical criteria and without
response to BD, obese individuals show lower FEV1/FVC and FEF,
indicating an obstructive process. In CV, in the group with obese
individuals, there was higher TVay, with no alteration in ventilation
homogeneity, suggesting that these individuals have altered flow, but
no changes in lung volumes

Obesity did not change aerobic responsiveness due to the use of
methacholine and studies should be performed to confirm the
findings

High BMI is a marker of obesity in children that can be easily
measured and can determine the reduction in Spirometry measures,
risk of atopy (both sexes) and asthma among females



To evaluate the factors that influence lung
function in female adolescents, focusing on the
hormonal factors of the menstrual cycle and
obesity

Jeon et al.*°
(2009) —

Not mentioned
South Korea

He et al.2¢ To evaluate the relationship of obesity and
' asthma, symptom of asthma and lung function .
(2009) - - . ! L Not mentioned
China of Chinese schoolchildren using the definition
of overweight and obesity of a Chinese group
Yes (acute and chronic lung diseases,
cardiopathy, diabetes,
Silva et al.?® To assess the onset of EIB in children and musculoskeletal deformity and pain,
. ; steroidal and non-steroidal anti-
(2011) - adolescents, without asthma and overweight infl o O
Brazil inflammatory medlcanon, symptoms
of viral infection (cold or flu) in the
last 6 weeks and FEV1/FVC <80%,
FEV: and PEF <70% of predicted
Bekkers et
al.® (2013)  To associate WC and BMI with lung function .
. . Not mentioned
—The in 8-year-old children

Netherlands

Yes (history of wheezing, respiratory

diseases, respiratory tract infection in

the last 2 weeks prior to assessment,
muscle disorder, passive smoker,

Assumpcao neurological diseases, asthma and/or
etal.?® To compare 10S parameters of normal weight, allergic rhinitis [ISAAC - > 5 (6-9
(2017) - overweight and obese children years) and 6 (10-14 years) for asthma
Brazil and >4 (6-9 years) and 3 (10-14
years) for allergic rhinitis]. Visual,
auditory or cognitive impairment,
and individuals who did not
understand the evaluation procedures
Cibella et To invgstigate the effect_s of w_eight on lung _ _ _
al 27 (2015) - fu_nctlon pf healthy chll_dren ina sampl(_a Yes (history of wheezing, m_ght
' ltaly registered in 2 cross-sectional surveys with cough or cough due to exercise)
selected age group
Silva et al. To evaluz_:lte th(_e effect_s of posture on
(2015) a thoracoabdominal klnematlcs of obese chlldr_en Yes (pulmona.ry or neuromuscular
Brazil and to compare them with a control group with diseases)
normal weight
Torun et To compare lung functic_m in non-obe_se, Yes (atopy or 9hror_1ic lung diseases,
al. (2014) - overweight, obese or morbidly obese chlldr(_en asth_ma or fam!ly hlsto_ry of asthma,
.Turkey and to evaluate the effects of degree of obesity  atopic dermatitis, food intolerance or
on lung function syndrome)
Khan et al.® To associate anthro tri dl
(2014) - P POMELric measures and fung Not mentioned
Canada unction in children

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cohort

Cross-
sectional,
analytical

and
comparative

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Standardized

103 Korean high school instrument and

Spirometry (Super Spiro, Micro

children aged 15-18 years Medical LTD, Kent, UK) position not
mentioned

2,179 children (1,138 boys Spirometry (Minato AS-505

and 1,041 girls) aged 8-13 portable electric spirometer - ATS - sitting

years Minato Ltd, Tokyo, Japan)

69 school children aged 8- Spirometry (EasyOne® model

.15 years (39 obese 2001 - Zurich, Switzerland) ATS - position not
children without asthma ;
: and PFE (Peak flow meter mentioned
and 30 HC-without ®
. : Healthscan® Personal Best)
respiratory diseases)
1,106 children aged 7.4- splliomiety (Jigger ATS and ERS -
9.2 years pneumotachograph - Viasys sitting
' Healthcare, San Diego, CA)
I0S: ATS -
. i position not
81;;';9;%”_?2;& 14 10S and Spirometry (10S mentioned
years: y Jaeger™ - MasterScreen™I0S,  Spirometry: ATS
controls, 21 — overweight .
. Erich Jaeger, Germany) and ERS -
and 30 — obese children .
position not
mentioned
2,393 Caucasian Spirometry (Microloop, Miro ATS and ERS -
individuals aged 10-17 Medica, Chatham Maritime, position not
years (51.1% boys) Kent, UK) mentioned

Spirometry: ATS
and ERS - sitting;
maximum
respiratory
pressure - sitting;
OEP: Aliverti e
Pedotti, 2003 -
sitting and supine

Spirometry (Micromedical
Microloop MKS8, Kent,
England), RMS (digital

manometer - MVD Globalmed

300, Séo Paulo, Brazil), OEP

(OEP - BTS Bioengineering,
Italy)

35 children aged 8-12
years (18 obese and 17
normal weight children)

170 individuals (30 -
overweight, 34 - obese, 64
— morbidly obese and 42 —

Standardized

Spirometry (MIR, Spirolab 111 instrument and

non-obese individuals) colour, Roma, Italy) position not
aged 9-17 years el
1,583 children aged 6-17
years (males: 573 — normal
weight, 216 - obese; . ATS and ERS -
females: 626 - normal Spirometry (Koko) sitting

weight and 168 — obese
children)

FEV./FVC, MEP,
MIP, variation of

VTAB%, Ti, Te,
MV, RR, TV and

separated by sex, high BMI was associated with FVC in females and
FEV/FVC in males

FVC, FEV1, FEV1/FVC was lower in obese females, when compared to HC of the same
FEF25-75%, gender. The individuals who were evaluated in the menstrual period had
FEV1/FVC lower FEVl, FEV1/FVC and FEF25.7504

FIYECF’ZEI,:E;//L 2% of the sample had asthma. Overweight children had higher FVC than in

FEF750%, FEF 259

FEV., PEF, FVC,

FEV./EVC 16% in the control group. There was no difference in Spirometry between
1 s - - -
groups, except for PEF, which was lower in the group with obese
FEF25_75% - ..
individuals
Children with lower or higher WC showed lower FVVC and FEV1 than those
with normal WC. Children with low or high BMI have lower FVC and
FEV1 when compared to normal BMI. Following the adjustments for
FVC, FEVy, : .
FEV./FVC C(_)nfogndmg parameters, there were no differences between groups. Malt_as
with high BMI have lower FEV1/FVC when compared to the same sex with
normal BMI. After adjustments for BMI, females with higher WC
presented lower FEV1/FVC
Spirometry markers were within normal range and no differences between
Z5, R5, R20, X5, the 3 evaluated groups were determined. However, 10S in the group with
AX, Fres, FVC, obese individuals presented higher value than in the control group for:
FEV1, PEF, absolute value of Z5, and absolute value and % of predicted of R5, Fres and
FEV1/FVC, AX. The group with overweight individuals presented higher value than the
FEF25.75% control group for % of predicted value of R5, Fres and AX and for absolute
Fres
In the control of the variables weight, height, age and sex in the multiple
linear regression, the weight B coefficient was (+) for FVC and FEV1,
being higher for FVC, and (-) for FEV1/FVC and FEF25.750/FVC. In the
FVC, FEV;, division by age group (<11, 12, 13 and> 14 years), there was a (+)
FEV1/FVC, association of the B weight coefficient with FVC and FEV; and a (-)
FEF25.750, FEF25. association with FEV1/FVC and FEFs5.754 /FVC (association of FEF25.750
750 /FVC and B weight coefficient did not occur in the group <11 years). Among
obese and overweight individuals, the % of predicted for FVC and FEV1
was higher and the absolute value of FEV1/FVC and FEF25.75%/FVC was
lower than in HC
FVC, FEVy,

MIP, MV and TV were higher among obese individuals. The posture
influenced TV (total and compartmental). There was higher TV, VTRCp

TV, VTRCp, and VTRCa in the sitting position, while VTAB was higher in supine
VTRCa, VTAB, position among obese children. TV was more influenced by the

VTRCp%, compartments VTRCp% and VTRCa% in the sitting position, while

VTRCa%, VTAB% was higher in the supine position. In addition, VTAB% was

higher among obese individuals

0

FVC, FEV4,
FEV1/FVC,
FEF25.750, PEF

Overweight, obesity and morbid obesity showed lower FEF 25750, and PEF,
when compared to the group of individuals with normal weight

There was higher FVC, FEV(5 and FEV1 in males than in females, and the
opposite occurred in FEV1/FVC. When the variable was adjusted according
to the sex of the participants, there was association of BMI and WC with
residual FVC in males and FVC and residual FEV1 in females. Both sexes

FVC, FEV4, had an inverse correlation of BMI with residual FEV1/FVC. In the division
FEV1/FVC, by body mass, in the individuals with normal weight, there was a (+) effect
FEVo 75 of the BMI on FVC, FEV, 75 and FEV, and a (-) effect on FEV1/FVC.

WHR had a (+) correlation with FVC and FEV1 and a (-) correlation with
FEV1/FVC. The WHR presented a (-) correlation with FEV1/FVC. In
overweight and obese children, there was a (-) association of WC and

WHR with FVC and FEV:1. In this group, there was a (-) correlation of the

skinfold of the triceps, biceps, iliac crest and medial calf with FVC, FEV 75

HC. Overweight men and obese women had higher FEV; than controls

The prevalence of EIB was 62% in the group with obese individuals and
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The literature is scarce on the study of asthma, lung function and
puberty. In the study, there was a limitation of airflow associated
with obesity, allergy, menstrual cycle and sensitization by inhaled
allergens. Studies should be conducted to evaluate the relationship
between gender hormones, leptin, lung function and asthma

Lung function was not altered by obesity; however, there was a
higher prevalence of respiratory symptoms in overweight or obese
individuals. Longitudinal studies need to assess the cause-effect
relationship between overweight, obesity and lung function

PFE was important in EIB diagnosis. Possibly, different etiologies
are related to EIB and studies of pathophysiology of the central and
peripheral airways and the onset of EIB in children and adolescents

with excess weight should be performed

In patients aged ~8 years, higher BMI or increased WC were not
associated with FEV1 or FVC, demonstrating that this association
may change over the course of childhood to adulthood

Obese children had higher 10S value, which represents obstruction
of the airway in comparison with children with normal weight. Some
changes occurred among overweight children

FVC and FEV; were positively associated with weight, when
corrected for height. However, due to a different magnitude in the
effect of weight on FVC and FEV;, FEV1 showed a
disproportionately smaller growth with weight gain when compared
to FVC. Therefore, in individuals with a high BMI, there is a
reduction of FEV1/FVC and FEFs.75%/FVC, and this change does
not depend on respiratory symptoms

The study demonstrated that the thoracoabdominal kinematics of
obese children is influenced by the supine position, with an increase

in abdominal contribution and reduction of the contribution of the rib

cage to ventilation, suggesting that supine areas of pulmonary
hypoventilation may occur. However, the thoracoabdominal
kinematics was not different in the sitting position between the
groups. Sitting posture is recommended during therapeutic
procedures to achieve better distribution of regional rib cage volume
and pulmonary ventilation

The study considered FEV1/FVC <80% of predicted as OVD. Thus,
despite the difference, the study did not identify an obstructive
abnormality in the group with obese or morbidly obese individuals,
when compared to controls with normal weight individuals and
pointed out that longitudinal studies should investigate the effect of
obesity degree and weight loss on lung function among obese
individuals

In males, there was worsening of lung function with overweight.
Lung function was altered by abdominal and subcutaneous fat, and
skinfolds were more sensitive to measure adiposity compared to
anthropometric data. The best indicator of adiposity in the analysis
of lung function in males was the triceps skinfold



To evaluate RMS by maximum respiratory

Spirometry (PIKo-1, Spire

and FEV1, and the same was observed for the subscapular fold and the sum
of all folds, adding the association with FEV1/ FVC. In HC, there was a
correlation between: (i) triceps skinfold and FVC; (ii) iliac crest fold and
FEV1/FVC; (iii) sum of the 5 folds (triceps, biceps, subscapular, iliac crest
and medial calf) and FEV1/FVC

There was higher MIP in HC when compared to the others. The correlation
of age with FEV1, MIP and MEP was (+), and of MIP with BMI (-). MIP
and MEP correlated with each other and, with less intensity, with the FEV1.
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Obesity and overweight were associated with lower
MIP, compared to HC. There was a correlation between

Rosa et al.% ressure in healthv. overweiaht and obese 90 school children aged 7- Health, USA) and RMS (one- Spirometry: MEP had a (+) correlation with height and FEV1. In the individual analysis ~ MIP and MEP with age and FEV1, mainly, obesity. MIP
' P . Y, yeight ant Cross- 9 years (30 - obese, 30 - ’ A ATS/ERS - sitting of the groups, there was correlation of age with weight and height, except correlated with BMI and MEP with height, mainly in
(2014) - schoolchildren, and to identify if the Yes (ISAAC) : bt S way valve digital ) FEV1, MIP, MEP . . R Lo . . ' . . .
L . - . sectional overweight individuals and FMR: ATS - in the group with overweight individuals; weight with height and BMI, HC. Thus, possibly, the anthropometric variables may
Brazil anthropometric and respiratory variables are manovacuometer (MVD 300, . ; : - - R . L . -
related to the outcomes 30-HC G-MED, Brazil) sitting MIP with age in the HC group, FEV1 in the group with obese individuals influence RMS in children, as well as in the relation
' and MEP in the 3 groups; MEP with age and height in the HC group and between strength and FEV;
FEV1 in the 3 groups; FEV1 with age in the 3 groups, and weight and
height in the HC group and in the group with overweight individuals
SpIromey: AT 30.3% of individuals had TLC <80% of predicted and 3.5% TLC> 120%.
Society of Pulmon In the sample, 25.5% of the individuals had a (+) response to BD in FEV;,
Spirometry (Koko Digidoser - OP(; and most of them with morbid obesity. Individuals with (+) response to BD had
59 individuals aged 8-18 Ferraris Respiratory, Phthigi)glo - FEVJ/FVC < than LLN, therefore, OVD. Regarding the use of BD and Asymptomatic respiratory individuals with excess weight had a high
Assuncdo et To describe pulmonary functional alterations in v . . Cross- g Louisville, CO, USA) and Islofogy FVC, FEV31, RV, FVC, 2 individuals had a (+) response. It was observed that 32.2% of ymp P Y . > Welg g
0 - . . es (history of wheezing, cough, ; years (4 - overweight, 28 — . position not S - . ; prevalence of ventilatory disorders, predominantly OVD.
al.*® (2014) - asymptomatic and overweight children and . - sectional and . helium washout (mass flow - TLC, FEV1/FVC, individuals with OVD (15.2% - overweight or obese and 16.9% - morbidly " ;
. chest pain, or known lung diseases) I obese and 27 —morbidly . mentioned . - Additionally, there was a (+) response to the BD, higher than
Brazil adolescents descriptive . sensor Vmax 21) (Viasys . FEF25.75% obese, 25.4% with RVD (11.8% - overweight or obese and 13.5% - . . . . -
obese individuals . helium washout - . . : reported in the literature, more frequently in morbid obesity
Healthcare, Palm Springs, CA, . morbidly obese), and 6.7% with MVD (3.3% - overweight or obese and
Standardized : . X
USA) instrument and 3.3% - morbidly obese). In addition, there was a (-) correlation between
. BMI with WC and FEV1/FVC in the MVD group
position not
mentioned
. i Spirometry and Body q
G\r/izrr]l(?teet To evaluate the effects of weight reduction on Yes (asthma or regular use of inhaled llifhcg;:%r ejfg?g ?;28\/\223 Plethysmography ir?;g?ﬁg;ﬂf;g q FEV1, FEFs0, After 6 months of treatment to reduce weight, there was an increase of Weight reduction in morbidly obese children may improve lung
2 lung function in children morbidly obese regular, Longitudinal W e & (MasterScreen PFT + body box . ERV, FRC, TLC  3.08% in FuncVC, 2.91% in FEV3, 2.27% in TLC and 14.8% in ERV. WC function, especially for ERV and airflow limitation
al.’*(2012) hild corticosteroids) comorbidities or BMI > 35 . position not h lati ith h . | ith
_The children aged 8-18 years Kg/m? - Jaeger Viasys, Wuerzburg, mentioned and FuncvC ad a (-) correlation with ERV. Changes in BMI score correlated with ERV
Germany)
Netherlands
To investigate the relationship between The more fat a child has, the more compromised the lung function will be.

Al . Sevef'ty of obesﬂy and parame_ters.of Iung_ Not mentioned (an interview and 60 male individuals aged Saudi ghlldren had lower va]ue Fha’? predlcted for height and age. In. the Lung function of obese or overweight male Saudi Arabians was
ghadir et function, comparing lung function in Saudi uestionnaire about the medical 6-13 years (20 in each group with obese and overweigh individuals, there was a lower (predicted) lower than that of children of the same age range in the HC drou
al®? (2012) overweight and obese men with individuals qh. : ) Cross- .y . Spirometry (Pony FX - Spirometry: ATS - FEVy, FVC, value for FVC and FEV; and higher for FEV1/FVC. Lung function of obese . . . me ag 9t group.

_ saudi . X istory of lung infection were : group: obese, overweight o . . The difference in relation to the predicted for their ages may indicate
audi with normal weight, and to compare the value - . . sectional . COSMED, ltaly sitting FEV1/FVC children was lower than that of the other groups, and the difference Lo . . . .
. . . conducted, but did not mention this and normal weight . restriction in thoracic expansion and affect exercise capacity
Arabia found with the reference values for Caucasian factor as exclusion criterion) individuals) between the % of the measured value and the % of the predicted showed
individuals higher value in obesity for FVC and FEV; than in HC or individuals with
overweight
The mean % of predicted FEV1 was lower in the group with obese Lung function in among obese individuals was lower than that of the
Paralikar et To evaluate luna function in obese adolescents Cross- 60 male individuals aged Spirometry (MEDI: SPIRO - Spirometrv: ATS FEV1, FVC, individuals, as well as the mean absolute value and % of predicted HC, being obesity a health risk in the evaluated age group. Despite
al.* (2012) - in the c%t of Baroda. Guiarat Yes (cough) sectional 12-17 years (30 — obese Maestros Mediline Systems ar?d ERS -yéittin FEV1/FVC, PEF,  FEV1/FVC and MVV values. However, no individuals had OVD. Weight, the difference between groups, no individual had OVD or RDV.
India y U individuals and 30 — HC) Ltd., Navi Mumbai, India) g FEF25-75%, MVV BMI and WC had a (-) correlation with FEV1/FVC, MVV and FEF25.75%, Longitudinal studies are needed to understand the relationship
and WHR with MVV and FEFs.75% between increased body weight and lung function
Abnormalities in lung function occur in obesity in early adolescence,
Supriyatno To determine the prevalence of abnormalities Spirometry: FVC FEV In the sample, there was history of 29.1% asthma, 41.8% allergic rhinitis,  with the most frequent change being MVD. There was no correlation
etal.¥’ . 1€p - Yes (children with exacerbated Cross- 110 obese children aged . . Polgar, 1971 - ' b 58.2% abnormality in lung function (30% MVD (obstructive and between BMI and lung function. Studies are needed to assess the
in lung function among Indonesian male : Spirometry (PS7 Spirometer) . FEV1/FVC, Lo . . s
(2010) - asthma) sectional 10-12 years position not restrictive), 25.5% RVD and 2.7% OVD] association of the degree of obesity and abnormalities in lung
. adolescents and young obese people - FEF250, FEFs0% : : :
Indonesia mentioned function with more accurate measures to assess body fat and with

healthy controls

FeNo, fraction of exhaled nitric oxide; ATS, American Thoracic Society; ERS, European Respiratory Society; FVC, forced vital capacity; FEV1, forced expiratory volume in the first second of FVC; FEV1/FVC, relation between FEV1 and FVC; PEF, peak expiratory flow measured by spirometry;
FEF25.750%, forced expiratory flow between 25% and 75% of FVC; BMI, body mass index (weight/height?); HC: healthy controls; BP, blood pressure; WC, waist circumference; SBP, systolic BP; FVC/weight, forced vital capacity index by weight; Tanner, pubertal developmental stage according to
Tanner's criteria; OEP, optoelectronic plethysmography; FRC, functional residual capacity; TLC, total lung capacity; TV, tidal volume; RR, respiratory rate; MV, minute volume; 6MWT, six-minute walk test; FEF2se, forced expiratory flow at 25% of FVC; FEFso%, forced expiratory flow at 50% of
FVC; FEF7s%, forced expiratory flow at 75% of FVC; ERV, expiratory reserve volume; RV, residual volume; RV/TLC, ratio of residual volume and total lung capacity; IC, inspiratory capacity; HOMA-IR, homeostasis model assessment; HDL, high density lipoprotein; MVV, maximum voluntary
ventilation; MIP, maximal inspiratory pressure; MEP, maximum expiratory pressure; WHR, waist hip ratio; HR, heart rate; SpO2, peripheral oxygen saturation; pBMI, BMI percentile; D.co, diffusing capacity of the lungs for carbon monoxide, VC, vital capacity; MCP-1, Monocyte Chemotactic Protein-
1; LAR, leptin/adiponectin ratio; CRP, C-reactive protein; 10S, impulse oscillometry; VolC, volumetric capnography; tot, total; alv, alveolar; DSV, dead space volume; DSV/TV, relation between DSV and TV; Slp2, slope of phase 2; Slps, slope of phase 3; Slp2/TV, relation between Slp2 and TV,
SIp3/TV, relation between Slps and TV; EtCO., end-tidal carbon dioxide; VCO2, volume of exhaled carbon dioxide; CI, capnography index [(SIp2/Slps)x100]; Hz, Hertz; EIB, exercise-induced bronchospasm; Z5, respiratory impedance; RS, total resistance; R20, central airway resistance; X5, reactance
ats Hz; AX, reactance area; Fres, resonant frequency; VTRCp, tidal volume of the pulmonary rib cage; VTRCa, tidal volume of the abdominal rib cage; VTAB, tidal volume of the abdomen; VTRCp%, percentage of contribution of the tidal volume in the rib cage to total tidal volume; VTRCa%,
percentage of contribution of the tidal volume in the abdominal rib cage to the total tidal volume; VTAB%, percentage of abdominal tidal volume contribution to tidal volume; Ti, inspiratory time; Te, expiratory time; 0, phase transition between 2 compartments; FuncVC, functional vital capacity;
LLN, lower limit of normal; OVD, obstructive ventilatory disorder; RVD, restrictive ventilatory disorder; MVD, mixed ventilatory disorder; FEVq.75, forced expiratory volume at 0.75 seconds; SAH, systemic arterial hypertension; DBP, diastolic blood pressure; BD, bronchodilator; PFE, peak expiratory
flow measured by Peak Flow Meter; GINA, Global Initiative for Asthma.
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Table 3. Descriptive analysis of the markers evaluated in lung function in obese
individuals aged 6-18 years

Variable Association '
* - No difference Total

FVC 8 5 10 ’
FEV; A - 9 23
FEV1/FVC 1 0 - 28
FEF25-759% 1 7 8 16
PEF 5 . : ¢
ERV } 3 > :
FRC ; 3 ) 3
TLC i ° ; ;
RV i} 3 ” 3
IC 5 . _ :

+, studies that showed comparative markers with greater value in obesity or positive
associations with variables that are indicative of obesity; -, studies that showed
comparative markers with lower value in obesity or with negative association with
variables that are indicative of obesity; FVC, forced vital capacity; FEV,, forced
expiratory volume in the first second of FVC; FEV1/FVC, FEV: and FVC ratio; FEF2s.
75%, forced expiratory flow between 25 and 75% of FVC; PEF, peak expiratory flow
measured by spirometry; ERV, expiratory reserve volume; FRC, functional residual
capacity; TLC, total lung capacity; RV, residual volume; IC, inspiratory capacity.



Figure 1. Mechanical and obstructive components that influence lung function in obese children and adolescents
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Figure 2. Flowchart with distribution of articles according to the databases and selection filters used.

Total articles found

Exclusion based on
the title

Exclusion based on
the abstract

Exclusion based on
the whole text

77

Embase

1094

PubMed VHL
423 88
65 20
25 14
1|5 07

26

Exclusion of

Total of articles included in

the systematic review

duplicates

I
33




- \\ )

Figure 3. Factors that influence lung function in children and adolescents.
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Obpectives: Evaluation of body composition is a relevant clinical instrument for the follow-up assessments of
children and adolescents, and dual-energy X-ray absorptiometry {DXA) is an accurate method for the pediat-
ric population. However, DXA has limited scan area for the obese population. Thus, half-body scans emerged
as an alternative to evaliate individuals with obesity. The aim of this study was to compare the body compo-
siion of children and adolescents with whole- and hali-body DXA scans, considering nutritional status,

mjr'ﬂ_u' h”ﬁ obesity pubertal development, sex, and age.
Adulescent cbesity Methods: This was a cross-sedional analytical, and diagnostic interventon study with a sample of 82 partici-

DA pants of both sexes between 4 and 20 y of age. Body composition was evaluated by DXA using an [DXA bone
Half-body scan densitometer (GE Healthare Lunar, Madison, W1, USA ) Two evaluations were performed: whole-body and
Whale-body scan half-body scans. The Bland —Altman correlation and linear regression tests were applied to identify the pres-
Puberty ence of association bias between the techniques, o= 0,05 was set,
Fesults: Of the 82 partidpants, 20 were excluded A high correlation was observed between the data (correlation
o ficient ~0.999). Bland—Altman plots and regression analyses demonstrated correlation and randomness bias
between whole- and half-body scan techniques in obese or normal weight partid pants for all DXA markers.
Conclusions: The uwse of half-body scans was feasible and accurate o evaluate whole-body compositon. The
difference bias between techniques occurred randomly and was clinically irrelevant. A high correlation was
observed between hall- and whole-body analysis techniques.
2019 Elsevier Inc All rights reservied.

Introduction Among the techniques used for analyzing body composition,

dual-energy X-ray absorptiometry (DXA) is an accurate tool with

Ovenweight has become one of the major public health prob-
lems with epidemic proportions in all age groups in most of the
world [1]. The analysis of body composition becomes an essential
clinical parameter for the treatment of these patients [2]. Excess of
fatis related to the risk for numerous comorbidities, including arte-
rial hypertension, obstructive sleep apnea, insulin resistance, and
type 2 diabetes [3].

* Comesponding author: +55 19 352 18983; Fax: +55 19352 189864,
E-muail address: Mariana-s moes@uoloom br (MS Ferreim ).

http={dolorg/10.1016/j.mut 201903018
(R90-9007 {0 2019 Elsvier Inc. All rights resened.

mood applicability, especially in pediatric patients [4 6]

Initially, DXA was developed for the analysis of bone mineral
density (BMD) and bone mineral content (EMC) 7], and later, its
use was expanded to assess body composition [8]. In this way, the
examination allows guantification of fat and lean masses and bone
densitometry. These measurements are further guantified accord-
ing to their regional and total distribution.

The use of DXA in hospitals and specialized centers is becoming
maore frequent. However, its use 15 still imited because the eguip-
ment is not portable [9], and there is a limitation in the scan area
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[10,11], despite the development of more modem equipment with
capacity for larger and heavier patients. Considering the importance
of body com position assessment among obese individuals, limiti ng
the scan area may restrict the use of DXA. As an alternative, Tatar-
anni and Ravussin | 12], described the use of half-body scans forindi-
viduals with body measurements that exceeded the DXA scan area
The accuracy of half-body scans supports the use of DXA for a larger
range of individuals, allows the comparison of researches that used
different techniques (whole- or half-body scans), and enables inclu-
sion of individuals who previously were excluded because their
dimensions were beyond the scan area.

Unlike most technigues (bioimpedance, hydrostatic weighing, and
skinfolds) that evaluate a two-component model (fat mass and fat-
free mass), DXA also assesses BMC. Furthermore, DXA provides the
assessment of the regional distribution of body composition [13].

However, some of the limitations of DXA include the size of the
scan area and the imaging capahbilities [4,13]. With the rse in the
prevalence of obesity, the limitation, mainly in the size of the scan
area, may be a barrier to the use of DXA in a group of individuals
that would benefit from the analysis of body composition.

Initially, the DXA measurement area was 190 cm in length and
60 cm in width, with a weight tolerance of ~115 kg [9]. New equip-
ment can evaluate an area of 228 cm in length, 137 cm in width,
and weight of ~280 kg; however, these devices are not common by
used and are not available in all clinical settings. To overcome this
limitation, the half-body scan technigue was implemented by
Tataranni and Ravussin [12], and its use is indicated when body
dimensions exceed the scan area. In half-body scans, measure-
ments of two halves of the body are taken, considering anatomic
points, rather than the whole-body measurement. The reslts
described by Tataranni and Ravussin demonstrated that the half-
body scan technigue is accurate in the analysis of body composi-
tion, which is confirmed by other studies [14,15].

To our knowledge, there are no studies that examine the accu-
racy of the half-body scan technigue in children and adolescents,
considering the nutritional status and developmental phase, owing
to possible varations in tissue-density changes with growth and
H-ray attenuation. Thus, the analysis of precision and homogeneity
of half-body scans can improve the technigue applicability in a

Fat mauss

Lean mass

Total body mass

Bone mineral content

clinical context. In the study, we examined whether the agreement
between half- and whole-body scan anmalyses would help the
homogenization of the method applied to the studies. The whole-
body technigue was used for participants who fit in the DXA scan
area, and when the participants dimensions exceed those of the
scan area, half-body scans were used, or the participants were
excluded. Thus, the accuracy of the half-body scan technigue,
when compared with the whole-body technigque, was an altema-
tive to standardized DXA assessment. Considering these aspects,
this study aimed to compare body composition of children and
adolescents using whole- and half-body DXA scan technigues, con-
sidering nutritional status, pubertal development, sex, and age.

Methods
Participan ts

This was a cross-sectional, analytical study of diagnostic accuracy assesament
with a zample of 82 men and women between 4 and 20 y of age. Obese partici-
pants were recruited from the Child and Adolescent Obesity Outpatient (linic of a
referral center. Mon-obese participants came in spontaneoushy for XA assessment
after the study had been advertised on socal media to promote participation.
Obese and non-pbese participants were recruited simulaneoushy.

The participants” height and weight were measured according to nutritional
status using the reference values for body mass index (BMI) percentiles from the
World Health Organization (WHO) |16]; severely wasted (P - 0.1), wasted (P = 0.1
and P« 0.3), eutrophic (P> 3 and P « 85), overweight (P = 85 and P .- 97), obesity
(P =97 and P -z 99.9) and severe obesity (P = 99.9). The sample was also classified
by the WHO BEMI Z-score. In the present study, participants with normal weight,
ohesity, and severe obesity were included. Participants who were classified as
obese and sverlyobese comprised the obesity group.

The pubertal development was evaluated according to the Tanner's scale:
pubic hair and breasts for women; pubic hair and genitalia for men. For statistical
analyss, the following pubic hair criterion was used:

* prepubescent: P1
& pubescent: P2 or P3
® postpubescent: P4 or P5

Mot all participants reach stage 5 even in adulthood; therefore, individuals
with stage 4 development were considered postpubescent.

The study was approved by the ethics committee of the institution. All partici-
pants =18 y of age and minor=' parents or guardians signed an informed consent
form; all participants = 11 y of age signed an informed assent form.

—
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Fig. 1. Schematic representation of the variables anahyzed by dual-energy x-rmy absorptiometny ( DHA).
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Participants who dropped out or failed to complete the whole-body asessment
owing tothe limitations of the equipment dimen sions were excluded from the study.

Procedures

The body composition was evaluated by dualenergy ¥-ray absorptiometny
(D), using an iDXA bone densitometer ( GE Healthcare Lunar, Madison, WL USA)
with fan-beam sensor. After the evaluation, the data were analyzed by the enlore
2011 software version 13,60 (GE Healthcare Lunar]. The reliahility of the data was
ensured by performing the quality assumance test ((A) on a daily basis, and the Bona
Fide Phantom was performed on aweely hasis to ensure quality contral of the tests.

The acquisition and processing of the images followed the protocol standard-
ized by Hangartneretal |17] Adjustments of the regions of interest (RO1) followed
the specifications recommendead by the manufacturer of the iDXA device.

Two measurements were taken. One evaluated the whole body, in which the
participant was placed in the supine position, centralized in the DA scan table In
the evaluation using the half-body scan technigue, participants were placed in dor-
Al decubitus with the left upper limb positioned outside the scan area In both tech-
nigues, the previously tained operator comected the position of upper and lower
limibs, spine, head, and neck to maintain the best alignment for RO adjustments.

The individuals were exposed to low dose of mdiation, about 100 times less
than that of conventional X my and equivalent to 10% of daily exposure to mdia-
tion. The estimated time of each analysis varied according to the tissue thickness
and height of the participant.

Participants were instructed toeat a light meal before the test, not to perform phys-
ical activities, to wiear light clothes, and to emove any metal objects oracesories.

Sronstcal anafess

In this study, the descriptive analysis was performed using categorical data by
absolute and relative frequencies. The numerical data are presemted as mean + SO;
median (minimum and maximum vahes); and 95% confidence interval () for the
mearn. The normality of the mamerical datawas evaluated by the following met hods:

* analysis of descriptive measures for central tendency;
* probability plots (normal Q<0 plot, §-<0 plot without trend and boxplot); and
® ciatistical tests (normality tests): Knlmogorov—Smirnov and Shapiro—Wilk.

The assoriation between categorical data was performed using Fisher exact
tests and ¥ test, depending on the distribution of the data in the tables. Simulta-
neously, the amociation between the numerical data of independent groups was
performed by the o llowing parametric tests:

®  test for independent samples (Levene’s test was applied to verify the equality
of variances): two groups;

* (ne-way analysis of variance: three groups; and

® non-parametric tests { Mann—Whitney U tes for independent samples: two
groups; and Kruskall-Wallis test for independent zamples; three groups).

Data obtained from the DXA were compared, considering the valies obtained
from the measurement of the whole-body scan from the data determined by the
half-body scan, having as a pammeter the right side of the participant. Statistical
analy=s were performed by ¢ tests for paired smples or Wilcoxon-signed tests
for related samples according to the distribution of the data inrelation to the nor-
mality curve. In addition, the Pearson's correlation coefficient or Spearman’s rank
comelation coefficient (total fat mass and fat percentage] was applied to identify a
comrelation between both values for the same marker.

In the present study, the linear regression anahysis was perfformed between the
differences of the measures (y a¢is =|measure 1 — measure 2]) and the mean of the
measures (x axis = [measure 1+ measure 2] (2] for the analysis of bias associated
with the difference between the datausing the Bland-Altman plot, demonstating
the differences between the groups with and without obesity. The whaole-body
scan data was called measurement 1, and the half-body scan data measurement 2.
In the analysis, we considered the variables of total bone mass, total fat mass, total
lean mass, total mass, percentage of fat, tiswe, fat-free mass, BMD, and BMC
Figure 1 shows aschematic representation of the varables analyzed by DAL

An additional exploratory analysis was performed comparing the values of body
compaeition variables versus sex ethnicity, nutritional status, pubertal development,
age, height, weight, and BML The data is presented according to the P-value only.

Finally, the msidues were adjusted and compared individually with the
markers: sex, ethnicity, pubertal development, weight, height, and BMI. Suhse-
quently, for each of the DXA variables the residues were evaluated by linear
regression for all markers, simulansoushy. The residual adjustment was calculated
by the following equation

Logy, [(Difference between measures®) /mean between the two measurements| .

Table 1
Descriptive analysis of the demographic data, nutitional status, and Tanner scale of
the participants of the study

Marker Distribution” (%)
Sex (Femalke) 36/62(58.1)
Ethnicity (White) 4362 (69.4)
Nutritional status 3462 (54.8)
(Obesity)
Tanmer Scale

Prepubescent 16/62 (25.8)

Pubescent 2762 (43 5)

Postpubescent 19/62 (30.6)
Ag (v 1201 4 4232; 1215(4.28(19.72 ); 10.94—13.09
Weight (kg)' 57.55 4 20.39; 60.45(17.50/1 10.70); 5237-62.73
Height (cm)* 151.88 + 18.25; 156.50 (108 181.70); 1472515652
Budy"?assmdac 24204 6.19; 2341 (146942 32); 22 T2 2587
(egjmr')’

*Categorical data presented by means of absolute and relative frequencies Mumeri-
cal data presented as: mean £ 50; median (minimum/maximum); 95% confidence
interval for the mean

"Datawithout normal distribution

tData with normal d istribu tion.

Statistical analyss were performed using the SPSS version 25 (IBM, Ammonk,
NY, 15A) and MedCalc Statistical Software version 1643 (MedCalc Software bvha,
Ostend, Belgum;). In all analyses, the o value was set at 0L05. All data from all
study participants were obtained using this technique; therefore, no techniques
were uwed todeal with missing data adjustments

Results

Of the 82 participants originally included in the study, 19
(23.17%) were excluded for failure to meet the body dimension
requirements to fit on the scan table { body width = 1093 cm) to

Table 2
Assoriation between markers with categorical distribution (sex, ethnicity, mutri-
tional status, and Tannerscale)

Sex White Non-White Total Pvalue
Female ] 13 36 0.403*
Male ] 6 26

Sex Obese Mot chese Total Pvalue
Female 26" 10 36 0001
Male 8 18 26

Ethnicity Ohese Mot obese Total Pvalue
White i Pl 43 420"
Non-White 12 7 19

Tanner Scale Obese Not ohese Total Pvalue
Prepubescent 9 7 16

Pubescent 16 11 7 ik ra
Postpubescent 9 10 149

Tanner Scale White Non-White Tatal Pvalue
Prepubescent 11 5 16

Pubescent 17 10 27 511!
Postpubescent 15 4 19

Tanner Scale Female Male Total Pvalue
Prepubescent a r 16

Pubescent 17 10 a7 0772
Postpubescent 10 9 19

Significant P-valuses are marked in bold. o = 0.05.
“Statistical analysis performed by Fisher Exact Test.
HOR, 5.85; 95% 1 1.93-17.70 — Taylorseries.
‘Sratistical analyds performed by the y* tost.
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Table 3
Aszociation between markers with numerical distribution (weight, height, body mass index, and age) according to the categorical data (sex, ethnicity, nutritional status, and
Tanner scale)
Marker Female Male Pvalue Obese Not obese Pevalue
Weight (k)" 57.724 1756 573242414 0941t 6453 4 1912 49,08 + 1888 0z
Height (cm)® 14880 4 1424 156152227 0148t 14936 + 14 15400 4 22 24 02567
EMI (kg/m?)* 2562 4 580 2246+ 623 047" 28324 486 1941 £ 354 001"
Age (y ) 11.35(4.2819.72) 13,15 (4.64/19.28) 0142 994 (5.43/18.05) 14.18 (4.28/19.72) 0019
Marker White Mon-White P-value
Weight (k)" 5703+ 1839 5773 + 285 0.765"
Height (cm)® 153.71 & 1914 14774 4+ 1572 oot
EMI (kgjm®)* 2362 526 2583 T84 o2t
Age [y 1244 (4.28/19.72) 10,76 (5.53/18.05) 0381
Marker Prepubescent Pubescent Postpubescent P-value
Weight (kz) 3582 41407 61.90 = 17.85 6967 = 1334 < 0’
Height (cm) 128.79 4 10065 15467 £ 11.94 167 36 -+ 944 < 0’
EMI (kgjcm®) 2098 + 605 25,68 <+ 605 2512575 oo’
Age(y)" 766 (428/8.00) 1203 (7.01)19.72) 16.26(11.74/19.28) - (LN

EMI, body mass index
Significant P-values are marked inbold. o = 005,

*Statistical analysis performed by the ©test for independent zam ples and data presented as mean - S0

TEqual variances assumed for the £ test forindepend

ent zamples.

'Equal variances not asumed for the ¢ test for independent samples.
*Gratistical analysis performed by the Mann -Whitney U test forindependent samples and data presented as median (mini mum/masximum |
Istatistical analysis performead by one-way analysis of variance and data presented as mean < S0,

tatistical analysis performed by the Kruskal -Wallis test for independent samples and datapresented as median (minimum/masdimum).

allow the comparison between whole- and half-body scans. In
addition, one participant was excluded for failure to complete the
examination. Thus, the study sample consisted of 62 participants.

Tahle 1 presents the descriptive data of the sample for sex, nutri-
tiomal status, ethnicity, pubertal development, age, weight,
height, and BMI. Table 2 shows the distribution of the data

Table 4
Aszociation between the values obtained from the measurements using DXA, having as parameters the data obtained from the measurements of the whole-body and the halF
by scans

Marker Group Distribution*

Total bone mass (g)! Whole-body scan 184633 + 670.17; 183230 (662.72/3.105,61); 1,676.14—2,016.52

P-value
Total fat mass (g]*

P-value
Total lean mass (g)!

Pvalue
Total body mass (kg)!

Pvalue
Fatpercentage (%)*

P-value
Tissue (kg)!

P-value
Fat-free mass (kg)!

Pvalue
Total bone mineral density ( giem?) !

Pvalue
Bone mineral content (g) !

P-value

Half body scan: right side

Whole-body scan
Hal F body scan: right side

Whole-body scan
Half body scan: right side

Whaole-body scan
Half body scan: right side

Whole-body scan
Half body scan: right side

Whole-body scan
Half body scan: right side

Whole-body scan
Hal F body scan: right side

Whaole-body scan
Half body scan: right side

Whaole-body scan
Half body scan: right side

1841.52 4 667.78; 183127 (653.78/3,087.11); 167193201110
0103
2133640 4 11 443.71; 20 39939 (4121 56/48 386 77); 18 4302424 242 55
21 31453 £ 11 500; 20 426. 77 (4156.86/48 323.05); 18 3040824 23499
0455
34 187.72 £ 11 473.68; 33 662.42 (12037 52] 59 496.81); 31 273.95-37 101.49
34 268 11 4 11 467 84; 34 273 38 (12 186 62(58 £33 36); 31 3558237 18030
0.086"
SE.86 4+ 20.30; 5067 (16.97/110.43); 51.70 6201
5691 4 2031; 5475 (17.07/108.94); 51756207
0.266"
3598 4+ 10095; I8.56(12.28/54.23); 33200 38.T6
3587 4 11.04; 38.49(12.39/53.81); 33.07—38.67
0088
5552 19.71; 58.83 (1697107 88); 50.52 6053
5558 4 19.72; 50005 (17.07/ 106.44); 50.58 -60.59
0.233"
3552 4 12.14; 3513 (120462 04); 32443860
3560 4 12.13; 35.15(12.19/61.34); 32523868
Qurast
0.97 4 0.18; .98 ((L65/1.39); 0.93-1.02
.98 - 018; 098 (0U65/1.40); 0.04—1.03
< 00011
T846.81 + 669 54; 1842 30 662.72/3.105,61); 167677201684
1841.04 4 668 42; 183127 (653.T8{3.087.11); 167130-2010.79
0050

DA, dual-energy xray absorptiometry.
a=005

“Mumerical data is presented as. mean + SD; median (minim um/mad mum vahies); 95% 0 for the mean.

tStatistical analysis is performed by the rtest for pai

‘Statistical analysis is performed by the Wilkoxon-signed test of related samples.

“Datawithout normal distibution
I pata with noermal distribution.

red samiples.
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according to sex, nutritional status, ethnmicity, and pubertal
development; and Table 3, according to age, height, weight, and
BML In this study, the odds ratio was higher for female obesity
(5.85; 95% O, 1.93-17.70). At the same time, obese participants
had a lower mean age than participants with normal weight

84

The data of the associations between the values of the DXA
markers obtained by the whole-body anmalysis and half-body
scan are presented in Table 4. There were no differences
between whole- and half-body scan data, except for the follow-
ing markers of bone densitometry: BMD (F = 0.001) and BMC

(P=0.019). (P=0.050).
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Ag. 3. Bland—Altman plots analyzed from the egmssion hetween the whale-body scan and the half-hody scan (A) Total bone mas: R=00104; B = —0005; P-walue = 0.418;
(B) total fat mass R=0.192; B*= 0.021; P-value=0.132; (€] total lean mass: R = 0.016; B =0.016; P-value = 0.900; (D) total body mass: R=0.017; B = -0.016; P-value - 0.893;
(E) % body mass; R=0L187; = 0.019; Pvalue =0.142; (F) tissue: R =002 3; B =—0.016; P-value=0.860; ( G) fat-free mas: R=00023; B = —0016; Pvalie=0.85%; (H) bone
mineral density: & =0.132; f*= Q002; Pvalue =0 293; (1) bone mineral content: &= 0.049; f* = —0.016; P-value= 0703, o = 005,

For both markers, the difference in the gross values is expressed
in decimal values and is possibly a result from a type | error. In
addition, to describe the relation between values obtained from
the markers (whole- and half-body scans), Pearson's correlation
coefficient or Spearman’s rank correlation coefficient was applied,
and in all cases, a high comrelation between the data (correlation
coefficient ~0.999; P = 0001) was ohserved (Fig. 2). Also, the cor-
relation between the values obtained from the DXA measurements
of upper limb, lower limb, trunk, android, and gynoid regons is
shown in Supplement Table 1, having as parameters the data
obtained from the measurements of the whole-body scan and the
right side of the half-body scan.

In Figure 3, Bland—Altman plots demonstrate the concordance
of whole- and half-body scan analyses, both in obese and normal
weight participants, according to the body composition variables
For the bias analysis associated with the difference between the
data, the linear regression test between the difference of the meas-
urements (residue) and the mean of the measurements was used,
and no significant values (P = 0.05) were observed. In this way, the
bias between the values was obtained randomly.

The data obtained from the exploratory analysis and the residue
data from the comparson between the wvariables of body

composition versus sex, ethnicity, nutritional status, pubertal
development, age, height, weight, and BMI are displayed in Table 5.
The linear regression data for residues of DXA markers are detailed
in Table & Only height and age could be used to explain residues
for markers of total bone mass and BMC Tanner scale, weight, sex,
ethnicity, and group donot explain the existence of residues.

Discussion

In this study, both DXA technigues demonstrated the same
response for body composition analysis. First, numerous clinical
conditions lead to changes in weight and height, and health profes-
sionals who work with children and adolescents should be alerted
towarning signs and make a diagnosis as early as possible.

Special attention should be paid to periods of rapid growth and
physical development and to the association between body compo-
sition and regulatory mechanisms of the human body [18] Addi-
tionally, the evaluation of body composition is likely to favor the
development of new classifications for low weight and obesity.
These classifications should be more precise, characterize different
metabolic and physiological profiles, and offer better criteria than
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Table 5

Association between markers of body composition and residues, with sex, nutritional status, ethnicity, pubertal development, height, weight, body mass index and age of the

participants of the study

Whaole-body scan
Marker Sex Nufritional ~ Ethnicity Pubertal Height Weight EMI Age
status development
Total bome mass (g) 0152~ 0344 03997 T 0928 (0.001) 0769 (<0001) 0327 (0L009) 0.917 (< 0U001) 7
Total fat mass (g) [T R i T 0.754* 007" 0257 (0L044)” 0812 (-0u01)" 0047 (<IuB0T) 0218 (0.088)"
Total lean mass (g) 088" 0780%" Q47 <" 0925 (<0.001)  0B65(<0001) 0452 (<0.001) 0869 (0001 "
Total body mass (kg) 0986 0003 0801 <001t 0737 (<00001) 05999 (-0001) 0810 (-0.001) 0,655 (-00001)!
Fat percentage () LT~ ELTL 0624 62 —0Z82 (0.026)"  0353(0L005]°  OB08(-0001)" 0310 (0U014)°
Tissue (kg) 0g32-* 002t o774 o " 0730 (<0.001) 1 (<0.001) 0818 (<0.001) 0634 (- 0u001) "
Fat-free mass (kg) il 0.789N QL o (M 0923 (<0.001)  0B65(<0001) 0454 (<0.001) 0.874 (<0u001)"
Tatal bone mineral density (giem®) 0547 o611t 07RSH = T 019 (0001) 0739 (-0001) 0393 (0.002) 0,866 [ <0U001) "
Bone mineral content [ g) 0149 05357 D404™ - (Y 0927 (<0.001) 0.768(-0001) 0327 (0.002) 0.917 (< 0u001) "
HalFbody scan: right side
Marker Sex Nufritional ~ Ethnicity Pubertal Height Weight B Age
satus development
Total bome mass (g) 0163~ 0360~ @372 - T 0929 (-0001) 0769 (-0001) 0327 (0010) 0,915 (< 0u001) "
Total fat mass (g) [0 F: Y T 1) 077" 0DE"" 0.261 (0040)"  OB12(-001)7 0943 (<0uD01)" 0219 (DU08T)T
Total lean mass (g) 0080t o762 04Tt = T 0.925(<0001) 0863 (<0001) 0.451(<0.001) 0L.867 (000"
Total body mass (kg) 0991 0003 os0a o 0T 0737 (<0001) 099 (-0001) 0810 (-0.001) 0654 [ <0u001) "
Fat percentage () B UE T R 11 070" 0160~ ~OLZET(0024)"  0345(00006)7  OLBO2 (<0001)7 00321 (0011 )7
Tissue (kg) 093gh o0z QTTSH = " 0.729 (<0.001)" 1({<0.001) 0LB19 (< 0.00T) 0.637 (= 0u001) "
Fat-free mass (kg) 0078~ 0T 0des o T 0923 (0001) 0863 (-0001) 0452 (-0.001) 0.877 (<0u001)"
Taital bone mineral density (z/em) 0505 0341 0744™ o T 0EZ(<0001) 0739(-0001) 0384 (0.002) 0873 (<0u001)"
Bone mineral content [ g) 01665 0363% D438™ - (. 0929 (-0001)  0770(-0001) 0327 (0.002) 0915 [ < 0u001 )"
Residues

Marker Sex Nutritional status Ethnicity Pubertal development Height Weight EMI Age
Total bome mass (g) 02034 0265 0991’ D08 0206 (0.108)"  0.080(0536)' —0058(0653)" 0050 (0T02)
Total fat miass (g) 0370+ 0900t 0360t 01T1E —0.106 (0.412)" —0.093 (0473)" —0.087(0500)" —0.188(0L143)
Total lean mass (g) 0689+ 0TI 0560~ 0.720° 0151 (0242)"  0.146(0258)" 0079(0542)"  0.064(0621)
Total body mass (kg) 0373% 0789 0900 QLB4D 0060 (0641)"  0.135(0204))  000R(0S59)" 0067 (0E04)
Fat percentage () 030+ 0115+ 0577 01780 —0160(0213)" 0292 (0.021) —0296(0.019) —0.240(0L060)
Tissue (kg) 0195+ osa2 04979 0.566° 0107 (0.408)"  0.168(0.193)"  0107(0409)" 0.119(0.359)
Fat-free mass (kg) 0511% 0503+ 0755 OLB06 0173 (0178)"  0.137(0288)' 0048(0713)" 0085 (0509)
Tatal bone mineral density (glem®) 0053 0518% 0489 02897 —0u001 (0.995)"  0010(0040)"  0.032(0807)" —0.044(0733)
Bone mineral content [ g) 0203+ 066" 09304 (L00B* 0206 (0.108)"  0.080(0.535)) —0058(0654)"  QUOSO(0.701)

EMI, body mas index.

Significant P-valses are marked in bold. o = 0005,

*Equal variances not assumed for the £ test for independent zamples.

*Statistical analysis performed by ¢ test for independent samples.

Equalvariances assumed forthe rtes forindependent samples.

“Statistical analysis performed by one-way analysis of varance.

! Pearson's comelation coefficient (Pvalue ).

% pearman’s rank correlation coeffcient (P-value).

*Statistical analysis performed by the Mann—Whitney U test for independent samples.

“*Statistical analysis performed by the Kruskal - Wallis test for independent zam ples.

Table &

Linear regression mode] for marker regdues obtained from the evaluation of body comp odtion usng DA
Variahle R R* R adjusted  Constant  Age(y) Weight(kg) Height(cm) Sex Ethmicity Tammerscale Group
Total bone mass (g) 0511 0261 0165 —B050 0247 0.003 0063 — 0022 0.0a7 -0.159 0636
P-value om7 < .00 [T 0832 L2 0937 0730 0.561 0136
Total Bt mass (g) 0344 0118 0.004 —-2930 0098 —0.005 0.031 —0.266 0313 —0395 —0.057
P-value 0418 0225 0260 0.766 0172 0414 0328 0224 0908
Total lean mass (g) 0291 (085 0034 -2912 0108 0mz2 0021 0.060 0149 —0u074 0480
P-value 0662 0161 0150 0381 0269 0.832 0588 0.7 0267
Total body mass (kg) 0243 0059 0063 -0.752 0.066 0.0 —0.030 —-0.553 0.019 0.0BD —0.050
P-value 0843 0819 0578 0393 0331 0217 0965 0840 0942
Fat percentage (%) 0438 0.I1m 0087 -5780 01147 -00M2 0350 -0.114 0232 —0.150 0403
P-value 010 0,008 0.060 0389 0.082 0694 0413 0.602 0365
Tissue (kg 0284 0081 0039 -0.618 0.088 om? —0.032 -0586 —0W015 0.137 — 0.1
P-value 0691 0839 0427 0392 0266 0160 097 0.740 0886
Fat-free miass (kg) 03m 0091 0027 -5870 0107 oo ooz 0.0z 0o — 0049 0505
P-value 0614 0004 0.135 0405 0243 0914 0727 0853 0217
Total bone mineral dersity (giom®) 0306 0094 0024 -3.701 —0u021 0011 —0.003 -0350 -0.166 -0.162 0244
P-valie 0591 03 0744 0339 0841 0154 0488 0503 0515
Bone mineral content (g) 0511 0261 0165 —8.051 —0.247 0.003 0.063 — 022 0097 —0.159 0636
P-value om7 < 0.0 [T 0831 0002 0938 0720 0.560 0.136

Significant Pvalues are marked in bold. o =005
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those currently available, namely, statistical distribution of BMI
values [ 18]

The epidemic of obesity during childhood and adolescence rein-
forces the need to learn more about body composition of these
individuals who are undergoing intense developmental changes
associated to the pathologic condition of obesity.

Wells and Fewtrell [19] elaborated a review on the importance
of body composition for pediatric application and described the
need for evaluation, mainly in three areas:

1. monitoring body fat, treatment efficacy, and disease evolution;
2. risk assessment; and
3. individualized treatment.

Thus, several technigues that included body composition analy-
sis, such as DXA, may contribute important information for clinical
follow-up assessments of children and adolescents.

A variety of technigues are available to evaluate body composi-
tion; for instance, simple and inaccurate methods (BMI) or high-pre-
csion and high-cost methods (magnetic resonance) [9]
Additonally, in the pediatric populaton, examination time, low
radiation dose, and simple preparation should be factors to be con-
sidered to improve acceptance and the success of the examination.

Im this context, DXA is a strategic tool: It is a quick and high-
precision procedure, uses low doses of radiation, and offers a
three-component model (fat mass, lean mass, and bone mass).
The practicality and accuracy of DXA have been increasing its
application in all age groups, including the population of new-
borns and young children [5,20-23].

In the literature, the use of half-body scans is reported among
the obese adult [15,24] and pediatric populations [14]. In two stud-
ies [14,15], the comparison between the whole-body technique
and the half-body scan of both right and left sides was evaluated.
Asin our findings, there was no bias between the techniques, and a
perfect correlation was observed between the measurements. In
those studies, the markers showing results with significant differ-
ENCE WETE:

1. Percentage of fat mass: Despite the low magnitude of the half-
body scan, it overestimated this variable when compared with
the whole-body technigue [24]; and

2. Higher BMC in the right side of the half-body scan when com-
pared with the left side [15].

Despite small differences, the authors considered the use of
half-body scans in obese population as valid and accurate. In the
present study, the analysis of BMD and BMC yielded decimal values
of difference when the techniques were compared with each other.
The difference was not considered clinically significant.

When DXA is used in research, a bias in the methodology of
analysis can be noted:

+ The participants who do not fit in the scan area are excluded
[14,15]; and

* The literature does not mention the method used for partici-
pants whose body dimensions exceed the limits of the scan area
[25.26].

In the present literature survey, we did not find any studies that
evaluated half-body scans in healthy participants with the aim to
standardize the technique for all individuals, regardless of nutri-
tional status, and consequently, to improve the methods described
in the articles that used DXA to assess body composition in obese
individuals.

The present findings lead to the groundbreaking effort to stan-
dardize the method of the studies that use DXA to evaluate body
composition in obese patients, and these findings should be
applied to other populations. In this study, which included only
children and adolescents, for all participants (even those who were
excluded because they did not have the suitable whole-body
dimensions), only the half-body scan of the arm was needed to fit
them in the scan area In the present study, we found decimals
only and no clinically relevant differences for BMD and BMC. In
the study by Rothney et al. [ 15], this difference was justified by the
higher prevalence of the dominant right side. Additionally, the
half-body scan of the trunk could generate greater bias in the anal-
ysis owing to anatomic elements (stomach, pancreas, and larger
portion of the heart on the left side of the body; liver, gallbladder,
and thicker and broader lungs on the right side of the body) that
could unbalance the comparison between whole-body technigues
and half-body scans. Importantly, this bias could not be observed
in this study.

Limitations

The present study had some limitations. The number of partici-
pants included may have been insufficient to yield significant dif-
ferences between the technigues; however, it is a larger sample
than in most studies that compare both techniques. The number of
studies was reduced and did not allow comparison of our findings
with data from the literature. Some of the published studies do not
mention the criteria of body composition analysis when the body
dimensions exceeded the DXA scan area. The analysis of covariance
todetermine the residue does not show adequate statistical power,
being an exploratory analysis.

Conclusion

The use of the half-body scan technique studied here is feasible,
accurate, and sensitive to determine the values of whole-body com-
position. The difference bias between techniques occurred randomly
and was clinically irrelevant. A high comrelation was observed
between half-body scans and whole-body analysis technigues.

Supplementary materials

Supplementary material associated with this article can be
found in the online version at doi: 10.1016/j.nut. 201 9.03.018,
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What is already known at this subject?

(i) Obesity is a chronic dysfunction that interferes in multiple systems of the human body, including the respiratory
system and pulmonary function;

(i) The assessment of body composition is able to identify changes in respiratory dynamics;

(iii) The analysis of pulmonary function in children and adolescents with obesity must consider the coexistence

of two complex and related phenomena: obesity and growth.

What does this study add?

(i) Children and adolescents with obesity showed increased FVC and reduced FEV1/FVC;

(ii) The analysis of body composition was a differential to understand the pulmonary function of children and
adolescents with and with no obesity;

(iii) The present study is the only one that established a correlation of lean body mass and fat mass variables with

the pulmonary function of children and adolescents with no asthma.
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Abstract

Introduction: The analysis of pulmonary function in children and adolescents with obesity must consider the
coexistence of two complex and related phenomena: obesity and growth. In addition, the assessment of body
composition, by distribution and quantification of fat mass and lean body mass, is able to identify changes in
respiratory dynamics arising, exclusively or jointly, from adiposity and/or lean body mass. Objective: To compare
pulmonary function and the dysanapsis indices (DIs) of children and adolescents with no asthma, with and with
no obesity, considering body composition, pubertal development, and physical activity practice. Methods: Cross-
sectional study, with 69 participants, 40 of whom have obesity. Participants carried out spirometry; assessment of
body composition by dual-energy X-ray absorptiometry (DXA); assessment of vital signs, pubertal development,
and physical activity practice by the international physical activity questionnaire (IPAQ). The DIs were calculated
by the formulas DI1=FEFsow/(FVCxPstsox); DI2=FEF25.750/FVC. Results: There was positive correlation of FVC
and negative correlation of FEV1/FVC with fat mass markers, while inspiratory capacity, ERV, FEF 250, FEFs0%,
and PEF were correlated with lean body mass markers. No differences were found between the Dls of the groups
with and with no obesity. Conclusions: Children and adolescents with obesity showed increased FVVC and reduced
FEV1/FVC. Possibly, our findings are related to the increase in fat mass, not related to lean body mass. Our

hypothesis is that these findings are associated with the dysanaptic growth pattern, which is higher in obesity.

Keywords: body composition; spirometry; dysanapsis; obesity
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Background

Obesity [defined by World Health Organization (WHO) as a body mass index (BMI) at or above the 97% percentile
for children and teens of the same age and sex] is a chronic dysfunction that interferes in multiple systems of the
human body, including the respiratory system and pulmonary function'®814l The literature, unlike for
adults®9-36.8687 has no consensus on how obesity modulates the pulmonary function of children and adolescents or
about the moment when excess weight starts to impair the respiratory system?9%:93.98.100.103,105108.111118 Thys, the
critical analysis on this topic should consider the coexistence of two complex and related phenomena: obesity and
growth. Both obesity and the growth act in the development of systems and, for this reason, in the analysis of
pulmonary function of individuals with and with no obesity, one must consider the transformations of the body
during childhood and puberty?’.

The interpretation of pulmonary function and growth in people with obesity is even more complex in the presence
of diseases. The literature frequently associates the pulmonary function of children and adolescents with obesity
and asthma, since they present prevalence with parallel trajectories over the years and inflammatory aspects and
their causality relationship is not yet well defined8%,

The first step to understand the influence of obesity on pulmonary function during growth is knowing its exclusive
implications in the pulmonary function of children and adolescents, excluding individuals with other associated
pathologies. In this context, analyzing body composition, considering the distribution and quantification of fat
and lean body mass, is important to improve the knowledge about the changes arising from increased adiposity
and/or lean body mass. Additionally, knowing the stage of development of children or adolescents, such as
pubertal development, gives us information about the individual prognosis regarding growth and development of
systems, including the expectation of increase in pulmonary function.

Thus, this study aimed to compare the pulmonary function and dysanapsis indices (DI) of children and adolescents
with no asthma, with and with no obesity, considering their body composition, pubertal development, and physical

activity practice.

Material and methods

Characterization of the study participants

Non-smoking participants with no asthma, of both sexes, aged between 4 and 19 years old, were included in the
study. Initially, the sample consisted of 83 participants. Fourteen participants were excluded, namely: (i) 5

individuals with scores > 5 in the ISAAC (International Study of Asthma and Allergies in Childhood) suggesting
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asthma’®; (ii) 4 individuals for being unable to complete the assessments; (iii) 5 individuals with overweight. The
final sample consisted of 69 participants, 40 of whom (57.97%) with obesity. All participants were recruited as a
convenience sample.

Participants with obesity do follow-up in the outpatient clinic of obesity in children and adolescents of the Clinical
Hospital of the University of Campinas (Unicamp) and receive multidisciplinary guidelines regarding the practice
of physical activity and healthy eating. Participants of the control group volunteered to take part in the

assessments, seeking the service after disclosure in social networks.

Ethics, consent and permissions

The study was approved by the ethics committee of the University of Campinas (CAAE: 42633515.0.0000.5404).
Participants over 18 years and those responsible for minors signed the informed consent form. Participants
younger than 18 years old with reading ability and understanding of the research project have signed the informed

agreement form. The inform consent was written.

Evaluated markers — demographic, clinical, and laboratory

The assessments were carried out in the Center of Pediatric Research (CIPED) of Unicamp. The participants
and/or those responsible for them received prior guidance for participants to attend the study location with light
clothes, without metals (such as buttons or zipper), and having only had a light meal in the 6 hours before the
evaluations. Participants were told not to perform strenuous physical activity in the 24 hours prior to the

assessments. In the study, sex and self-declared ethnicity were obtained by interview.

Anthropometric markers and vital signs

On the assessment day, participants remained for at least 10 minutes sitting, at rest. Subsequently, the
anthropometric measurements of body weight and standing height were carried out, and the vital signs of heart
rate (HR), respiratory rate (RR), peripheral oxygen saturation (SpO.), and systolic (SBP) and diastolic (DBP)
blood pressure were measured. The anthropometric data were used to calculate the BMI and its distribution in the
percentiles and z-score, following the criteria of the WHO for individuals up to 19 years®®. The data were estimated
in WHO AnthroPlus (https://www.who.int/growthref/tools/en/). Mean blood pressure (MBP) was calculated from

SBP and DBP by the formula: MBP = [SBP + (DBP x 2)]/3%.
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Pulmonary function — spirometry and dysanapsis index

Pulmonary function was assessed in the spirometer MasterScreen™ Pneumo (Jaeger; Wiizburg, Germany),
integrated with JLab version 5.20, following the specifications of the European Respiratory Society (ERS) and
American Thoracic Society (ATS)®. The participants underwent the spirometry standing, keeping their head
upright, and using nose clip. The following markers were analyzed: (i) forced vital capacity (FVC); (ii) forced
expiratory volume in one second (FEV4); (iii) FEV1/FVC; (iv) expiratory reserve volume (ERV); (v) forced
expiratory flow at 25%, 50%, and 75% of the FVVC (respectively, FEF 250, FEFs00, FEF750%); (Vi) average expiratory
flow (FEF25.75%); (Vii) peak expiratory flow (PEF); (viii) inspiratory capacity (IC). FVC, FEV1, FEV1/FVC, FEFs.
75%, and FEF7s0 were analyzed by z-score and percentile, using the references from Quanjer et al. (2012), from
the software of the Global Lung Initiative (GLI). The other markers of spirometry were described by percentage
predicted value.

The absolute values of pulmonary function markers were used in the calculation of the DI, proposed by Mead
(DI1) (1980) to quantify the ratio between lung and airway size. DI was calculated by the ratio between FEFsgs,
FVC, and elastic recoil pressure at 50% of the FVC (Pst 50%) by the formula - DI1 = FEFsey% / (FVC x Pst
50%)%°. The Pst 50% was obtained by the formula: 6.3038 — (0.056 x age). In this study, the calculation of the DI,

proposed by Tager et al (DI2) (1986) was also measured by the formula: DI2 = FEF »5.75%/FVC*2,

Dual-energy X-ray absorptiometry

Body composition was measured by dual-energy X-ray absorptiometry (DXA) in the equipment iDXA (GE
Healthcare Lunar, Madison, Wisconsin, United States), with fan beam detectors. The data were processed and
analyzed in enCore™ (2011), version 13.6 (GE Healthcare Lunar), with the inclusion of the absolute value and
normality adjustment for age, sex, and ethnicity. Some of the participants with obesity exceed the area of
assessment of DXA,; thus, the whole-body technique with mirroring of left arm was used to standardize the
measures, without bias between the techniques. The DXA markers assessed were: (i) fat mass and lean body mass

(trunk, android, gynoid, and total); (ii) total body mass; (iii) total fat percentage; (iv) fat-free mass.

Physical activity and pubertal development
This study collected data considering the practice of scheduled and unscheduled physical activities by the
application of the international physical activity questionnaire (IPAQ)". According to the responses, participants

were classified as: very active, active, irregularly active, or sedentary. Later, for homogenization of the groups,
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the classifications were divided into: very active and active or irregularly active and sedentary. Additionally,
pubertal development was also assessed by Marshall and Tanner’s criteria of pubic hair and genitalia for boys and

pubic hair and breasts for girlss62,

Statistical analysis

The descriptive analysis is presented by relative and absolute frequencies for categorical data and by mean +
standard deviation and median (25" percentile and 75" percentile) for the data with numerical distribution. The
normality of the numerical data was evaluated by the following techniques: (i) analysis of descriptive measures
for central trend; (ii) graphic metho; (iii) method by statistical testing (normality tests): Kolmogorov-Smirnov and
Shapiro-Wilk.

The association between the groups with and with no obesity (independent variable) and the numeric markers
(dependent variable) for two groups was held by the Mann-Whitney U test for independent samples or by t-test
for independent samples, depending on the data distribution. In the correlation analysis, Pearson correlation and
Spearman correlation tests were used, depending on the data distribution. In the comparison between categorical
variables, Fisher’s exact and Chi-square tests were applied.

The statistical analysis was performed in the Statistical Package for the Social Sciences (IBM Corp. Released
2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp). The analyses considered the
alpha value of 0.05. No technique was used to handle the adjustments for “missing data,” and all the data were

collected from all participants for the measures of pulmonary function and body composition.

Results

Table 1 presents the distribution of groups for the anthropometric data. This study showed no differences between
the groups with and with no obesity for height, age, and sex. As expected, weight, BMI, and BMI z-score (BMI-
z) were higher in the group with obesity (p < 0.05). In addition, ethnic differences between the groups were found
(p =0.038).

For BMI-z and body composition markers, we observed a strong positive correlation between BMI-z and fat mass
markers (Figure 1). However, the correlation was not observed for lean body mass markers (p > 0.05).

Table 2 presents the distribution of participants regarding physical activity practice and shows no difference

between the groups according to obesity. However, differences between the groups for some vital signs’ markers
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were found, and the group with obesity showed the highest values of RR, SBP, DBP, and MBP compared to the
group with no obesity (Table 3). Additionally, HR and SpO; were equal between the groups.

Figure 2 shows data concerning pubertal development according to genitalia and breasts (p = 0.138) / pubic hair
(p = 0.089), and no difference was found between the groups with and with no obesity.

In the evaluation of pulmonary function, participants with obesity presented higher FVC [z-score (p=0.003) and
percentile (p = 0.03)] and lower FEV1/FVC [z-score (p = 0.02) and percentile (p = 0.049)] (Table 4). In addition,
in the correlation between pulmonary function and body composition (Table 5), IC, ERV, FEF2sy%, FEFs%, and
PEF were correlated with lean body mass (p < 0.05). However, some markers of pulmonary function showed
correlation with fat mass markers, especially for FVC (z-score, predicted percentage, and percentile) and z-score

of FEV4/FVC (p < 0.05).

Discussion

In the analysis of anthropometric data, it is interesting to note that BMI-z was an accurate variable to assess the
adiposity of participants. The literature points to numerous limitations regarding the use of BMI, since it quantifies
mass and not fat, and may overestimate and classify as individuals with overweight or obesity and high lean
mass'®+1%, However, in the population of children and adolescents evaluated in our study, BMI-z presented strong
correlation with the markers of fat mass (trunk, android, gynoid, and fat percentage) and no correlation with lean
body mass markers. Therefore, the classification of the groups with and with no obesity was faithful to body
composition, which confirms the finding of difference between the groups for fat mass and not for lean body mass.
Although the relationship between obesity and physical inactivity is clear, no difference was found between
participants with and with no obesity for physical activity practice. We believe this finding is related to three
possibilities: (i) small sample size with high probability of type Il error (false negative result); (ii) group with
obesity receiving multidisciplinary outpatient follow-up with physical educators, who emphasize the importance
of physical activities — individuals with obesity are in the process of transition of life habits, and possibly by this
reason there was no difference in the practice of physical activity among children and adolescents with and with
no obesity; (iii) high prevalence of physical inactivity or irregular activity among children and adolescents,
whether obese (56.1%) or not (42.9%), fact already discussed in the literature'#*-14¢, The prevalence of physical
inactivity was high, noting that the IPAQ assessment addresses scheduled and unscheduled activities, in addition
to time sitting. The widespread use of screens®%, the short time of physical activity at school, the lack of adequate

and safe spaces and equipment (e.g., sport courts and swimming pools) in Brazil, and inadequate habits from
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parents, which culturally follow this inactive model, segregate children to their house and the sedentary lifestyle,
without a satisfactory energy expenditure!#7148,

The increase of SBP, DBP, and MBP between the groups, even these being statistically equal regarding height
and age, shows a possible overload of the cardiovascular system in people with obesity. Excess adipose tissue
generates an increase in metabolic demands; for this reason, the body requires more blood supply, with
concomitant increase in cardiac activity'*°. The described excessive demand increases the risk of cardiovascular
comorbidity and death®®,

Participants with obesity also presented a greater RR value. The increased metabolic demand, mentioned earlier,
implies a greater need for oxygen, with the consequent need for greater lung volume. However, the increased fat
deposition, especially around the thorax and abdomen, generates a mechanical barrier that hinders thoracic
expandability, and this could explain why an individual with obesity requires more respiratory
incursions/minute?®,

This study carried out the comparative analysis of pulmonary function and body composition by DXA, which
allowed us to more accurately verify what are the respiratory variables related to obesity. We have found that
FVC was positively correlated with fat mass (total, trunk, android, gynoid, and fat percentage) and that FEV1/FVC
was negatively correlated with the mentioned markers, except gynoid fat mass. Other variables showed correlation
with muscular strength and were assessed by lean body mass markers (trunk, android, gynoid, and total) with IC,
FEF25%, FEFs0%, and PEF.

Another fact that stood out was the positive correlation between FVC and fat mass markers; in the comparison
between the groups, this variable was higher in participants with obesity. This group also presented the lowest
value of FEV1/FVC and negative correlation with fat mass measures. According to the literature, this finding was
present in studies with children and adolescents, and was not found for adults8”:93,9.100105108,118151 Thys, this fact
guides us to associate it with the growth period.

Within this perspective, some previous studies justified findings similar to dysanapsis of the airways, which is the
disproportionate growth between the pulmonary parenchyma and the airways, with an increase in lung volume
different from the increase in caliber of the airways®®. This pattern of growth is physiologically influenced by
sex*%; however, the relationship of obesity with dysanaptic growth has been studied®*®. This study found no
difference between the DI, assessed by two different methods® 2, In our view, this fact is justified by the careful

selection/exclusion of participants with respiratory symptoms. Even without change in Dls, the increased FVC,
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reduced FEV1/FVC, FEV: with no difference in participants with obesity directs the findings to the dysanaptic
pattern in this group of individuals.

One of the differences of our study was the exclusion of participants with asthma, differing from previous studies
associating asthma and obesity, even if independently. In addition, the analysis of body compaosition has allowed
us to confirm that the increase in FVC and reduction in FEV1/FVC is related to adiposity and not with an increase
in strength of participants with obesity, because of early maturation, as was discussed in the literature®. This
analysis has shown that the stress-dependent variables — thus positively influenced by increasing lean body mass

—are PEF, IC, ERV, FEF2s%, and FEFsqy.

Highlight

The analysis of body composition was a differential to understand the pulmonary function of children and
adolescents with and with no obesity, basing its clinical applicability in the pediatric area, especially in the care
of individuals with obesity, since obesity and growth are complex phenomena that can occur concurrently. To the
best of our knowledge, this is the only study that established a correlation of lean body mass and fat mass variables

with the pulmonary function of children and adolescents with no asthma.

Limitations

We consider the small sample as a limitation of our study. A larger sample would make our findings even more
accurate. However, we emphasize that the construction of a well-delimited methodology, considering the
inclusion and exclusion criteria, to reduce biases, along with the analysis of many different variables, allowed the

reduced sample to comply with all requirements to homogenize the evaluated population.

Conclusion

Before this, we conclude that the relationship between obesity and pulmonary function in children and adolescents
is complex, and that it is important to reduce the confounding biases, to understand which changes are really
obesity-related and which are growth-related. Participants with obesity showed increased FVVC and reduced
FEV1/FVC. The findings are related to the increase in fat mass, with no relation to lean body mass. Our hypothesis

is that these findings are associated with the dysanaptic growth pattern, which is higher in obesity.
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Table 1. Distribution and comparison of sex, ethnicity, and anthropometric markers between groups with and with no obesity.

Marker Group Participants with obesity (N = 41) Participants with no obesity (N = 29) p-value
Sext Male 14 (34.1%) 15 (50%) 0.188
Ethnicity? White 25 (61%) 25 (85.7%)
0, 0,

Blaclf 8 (19.5%) 1 (3.6%) 0.038

Admixed 8 (19.5%) 2 (7.1%)

Oriental - 1 (3.6%)
Height® (cm) 153.27 + 13.86; 155.50 (142.70 to 163.25)  152.65 + 22.75; 161.90 (134.50 to 171.90) 0.460
Weight* (Kg) 74.04 £ 23.67; 69.10 (58.35 to 89.45) 44.98 + 17.22; 49.30 (29.27 to 61.53) <0.001
BMI3 (kg/m?) 30.85 + 6.63; 29.92 (27.24 to 33.44) 18.30 + 2.54; 18.84 (15.57 t0 20.3) <0.001
BMI Z-score® 3.25+1.09; 3(2.57 t03.73) —0.16 + 0.68; —0.20 (—0.63 to 0.22) <0.001
Age® (years) 11.98 + 3.62; 11.74 (8.99 to 14.94) 12.97 £4.91; 14.18 (8.72 to 18.05) 0.213

N, number of participants; cm, centimeters; BMI, body mass index; Kg, kilograms; Kg/m?, kilograms/square
meter. Categorical distribution data are presented in absolute frequency (relative frequency). Numerical
distribution data are presented by mean * standard deviation; median (25™ percentile to 75" percentile). On the
statistical analysis of the data, the following tests were used: !, Chi-square test; 2, Fisher’s exact test; ¥, Mann-
Whitney test for independent samples; 4, T-test for independent samples. Alpha = 0.05. Data with significant p-

values (< 0.05) are presented in bold.
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Table 2. Classification and comparison of the groups regarding the practice of physical activities,
according to the IPAQ questionnaire, considering the complete (A) and synthesized (B) classifications.
Participants with Participants with no

a obesity obesity p-value

Sedentary 1 (2.4%) -

Irregularly active A 8 (19.5%) 3 (10.7%)

Irregularly active B 14 (34.1%) 9 (32.1%) 0.777

Active 6 (14.6%) 6 (21.4%)

Very active 12 (29.3%) 10 (35.7%)

B2 Participar_ns with Participant_s with no p-value
obesity obesity

Sedentary or irregularly active 23 (56.1%) 12 (42.90%) 0.280

Active or very active 18 (43.9%) 16 (57.1%)

On the statistical analysis of the data, the following tests were used: !, Fisher’s exact test; 2, Chi-square test. Alpha

= 0.05. Categorical distribution data are presented in absolute frequency (relative frequency).
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Table 3. Comparison between the vital signs of participants with and with no obesity.

Variable Participants with obesity Participants with no obesity p-value
Heart rate? 85.83 £ 15.65; 87 (73 to 97.50) 81.11 + 13.70; 82 (70.25 to 90.50) 0.200
Respiratory rate? 21.44 +3.97; 22 (18 to 23.50) 18.43 + 4.51; 18 (15.25 to 22.75) 0.005
Sp02? 97.44 + 1.21; 98 (97 to 98) 97.50 + 0.92; 97 (97 to 98) 0.798

Blood pressure Participants with obesity Participants with no obesity p-value

systolic? 118.39 + 14.03; 120 (87 to 147) 102.50 + 12.23; 103 (86 to 124) <0.001

diastolic? 78.12 + 10.54; 78 (71 to 80) 67.89 + 7.36; 70 (60 to 70) <0.001

mean? 91.54 + 10.96; 92.33 (85 t0 96.50) 79.43 + 8.28; 80.17 (70.17 to 86) <0.001

SpO,, peripheral oxygen saturation. Numerical distribution data are presented by mean + standard deviation;
median (25" percentile to 75" percentile). On the statistical analysis of the data, the following tests were used: *,
T-test for independent samples; 2, Mann-Whitney test. Alpha = 0.05. Data with significant p-values (< 0.05) are

presented in bold.
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Table 4. Association of spirometry data according to GLI references between participants with and with no obesity.

Variable Participants with obesity Participants with no obesity p-value
FVvC

z-score! 0.43 £0.62; 0.41 (0.03 t0 0.82) -0.21 £ 0.92; -0.23 (-0.98 to 0.49) 0.002
%? 105.23 £ 7.42; 105.00 (100.30 to 109.80) 97.69 * 11.05; 97.20 (88.18 to 105.98) 0.003
percentile? 64.32 + 19.77; 66.00 (51.00 to 79.00) 43.46 + 28.89; 41.00 (16.50 to 68.50) 0.003
FEVY/FVC

z-score! -0.10 + 1.01; -0.33 (-0.76 to 0.49) 0.54 £ 1.14; 0.75 (-0.50 to 1.45) 0.002
percentile? 45.90 + 29.79; 37 (22.50 to 69.00) 61.37 £+ 33.48; 71 (27.25 t0 92.75) 0.049
FEV1

z-score! 0.39 £ 0.69; 0.36 (0.01 to 0.79) 0.06 £ 0.96; 0.05 (-0.66 to 0.77) 0.125
%? 104.56 £ 8.01; 104.60 (100.10 to 109.15)  100.71 + 11.35; 100.60 (91.57 to 108.80) 0.128
percentile? 63.24 + 21.54; 64.00 (50.50 to 78.50) 51.86 £ 29.16; 51.50 (25.75 to 77.75) 0.124
FEF25-750

z-score! -0.13+£0.97; -0.15 (-0.73t0 0.63) -0.09 £ 1.08; -0.02 (-0.97 to 0.64) 0.885
percentile? 45.95 + 28.43; 44 (23.50 to 73.50) 47.64 + 31.14; 49.50 (16.75 to 73.75) 0.869
FEF75%

z-scorel 0.16 £ 1.10; 0.15 (-0.54 t0 0.71) 0.36 £ 1.09; 0.43 (-0.59 t0 1.37) 0.453
percentile? 52.85 + 29.18; 56.00 (30.00 to 76.00) 58.84 + 31.35; 66.50 (28.00 to 91.50) 0.409

FVC, forced vital capacity; FEV1/FVC, ratio between forced expiratory volume in one second and forced vital
capacity; FEFs.750, forced expiratory between 25% and 75% of the forced vital capacity; FEFssy%, forced
expiratory flow at 75% of the forced vital capacity; %, percentage of predicted value. Numerical distribution data
are presented by mean =+ standard deviation; median (25™ percentile to 75" percentile). On the statistical analysis
of the data, the following tests were used: !, T-test for independent samples; 2, Mann-Whitney test. Alpha = 0.05.

Data with significant p-values (< 0.05) are presented in bold.
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Table 5. Correlation between pulmonary function markers and body composition, respectively evaluated by spirometry and dual-energy X-ray

absorptiometry.

Fat Mass Lean Body Mass
Trunk Android Gynoid Total Fat Trunk  Android Gynoid  Total Fat-free
percentage mass
FVC z-score! CC 0.329 0.338 0.301 0.315 0.359 —-0.022 0.021 -0.051 —0.029 —-0.059
p-value  0.006 0.005 0.012 0.008 0.002 0.855 0.862 0.675 0.813 0.632
FvC - CC 0.330 0.339 0.302 0.317 0.358 —0.031 0.014 -0.072  —0.040 —-0.071
percentile? p-value  0.006 0.004 0.012 0.008 0.002 0.802 0.911 0.556 0.744 0.561
FEV./FVC z- CC -0.256 —0.260 —0.236 —0.244 -0.263 0.016 0.003 0.031 0.018 0.030
score! p-value 0.034 0.031 0.051 0.043 0.029 0.898 0.981 0.800 0.885 0.808
Inspiratory CcC 0.162 0.133 0.152 0.144 —-0.063 0.346 0.320 0.323 0.330 0.348
capacity? p-value  0.206 0.298 0.235 0.259 0.624 0.005 0.011 0.010 0.008 0.005
ERV? CcC —0.090 —0.063 —-0.066 —0.064 0.091 —0.262 —0.253 -0.271 —0.241 —0.266
p-value  0.481 0.621 0.605 0.616 0.477 0.036 0.044 0.030 0.055 0.034
FEF2s50:° CcC 0.110 0.109 0.131 0.126 -0.112 0.412 0.403 0.426 0.423 0.412
p-value 0.370 0.373 0.283 0.303 0.358 <0.001 0.001 <0.001 <0.001 <0.001
FEFs0s° CcC 0.018 0.012 0.041 0.031 -0.152 0.285 0.274 0.295 0.298 0.286
p-value 0.884 0.923 0.740 0.798 0.211 0.017 0.023 0.014 0.013 0.017
PEF? CcC 0.089 0.091 0.105 0.096 —0.080 0.315 0.303 0.334 0.326 0.318
p-value  0.466 0.458 0.391 0.433 0.516 0.008 0.011 0.005 0.006 0.008

FVC, forced vital capacity; FEV1/FVC, ratio between forced expiratory volume in one second and forced vital
capacity; IC, inspiratory capacity; ERV, expiratory reserve volume; FEF2se, forced expiratory flow at 25% of the
forced vital capacity; FEFso%, forced expiratory flow at 50% of the forced vital capacity; PEF, peak expiratory
flow. On the statistical analysis of the data, the following tests were used: !, Spearman’s rank correlation
coefficient; 2, Pearson correlation coefficient. Alpha = 0.05. Data with significant p-values (< 0.05) are presented

in bold.
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Figure 1. Correlation between the BMI Z-score and the variables of fat mass and lean body mass. BMI, body mass index.
Alpha=0.05. Blue indicates participants of the group with obesity and red. participants of the group with no obesity.
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Figure 2. Distribution of pubertal development according to genitalia and breasts (p=0.138) and
pubic hair (p=0.089) between the groups with and with no obesity.
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5. Discusséo geral

A estrutura corporal de um individuo em crescimento € fisiologicamente muito
complexa. S&o aspectos genéticos, fisiolégicos, comportamentais e ambientais
gue estdo inter-relacionados e que promovem intensas e extensas mudancas ao

longo do desenvolvimento dos seres humanos.152:153

A partir do século XX, quando a epidemia da obesidade atingiu criancas e

adolescentes, novos questionamentos comecaram a surgir sobre:

(1) a forma como a obesidade atua no crescimento e o desenvolvimento
dos sistemas?’;
(i) a influéncia dos habitos de vida caracteristicos da populacdo com
obesidade, predominantemente sedentaria’®4;
(i)  as consequéncias das mudancas na estrutura corporal, oriundas desta
disfuncéo®®.
Nesse contexto, foi verificado que, assim como o crescimento, a obesidade
também ¢é influenciada por fatores genéticos'®, fisioldgicost®6157,
comportamentais®®1%® e ambientais'®®. Ou seja, trata-se de duas condicdes
complexas, que sofrem influéncias semelhantes e multifatoriais, ocorrendo de
forma concomitante e com influéncia mitua uma sobre a outra, conforme esta

resumido na figura 7.

Genética
Crescimento = Fisioldgica € Obesidade
Condigio Fisiolégica Comportamental Condigao Patolégica

Ambiental |

Figura 7: Obesidade, crescimento e suas influéncias.
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Dentre os sistemas corporais influenciados tanto pelo crescimento quanto pela
obesidade, estd o sistema respiratorio. Ao analisarmos a literatura sobre o

assunto, observamos grande disparidade entre os achados, levando em conta:

(1) populacao adulta versus a populacéo pediatrica,

(i) condicOes patoldgicas, além da obesidade, principalmente a presenca
de asma,;

(i) inclusé&o ou nao da populagéo com sobrepeso;

(iv)  néao relevancia dos ultimos dois fatores para descricdo dos métodos

analisados;

Assim, optamos por realizar uma revisao sistematica sobre a funcédo pulmonar
em individuos com obesidade, incluindo estudos com participantes na faixa
etaria pediatrica, em individuos sem historico de doencas respiratorias. Neste
momento, comegamos a notar que as dificuldades eram ainda maiores, pois
dentro da prépria faixa etaria pediatrica fatores como puberdade e composicéo
corporal sdo determinantes para se estabelecer essa relacdo e, na grande

maioria dos estudos, estes fatores nao foram analisados.

Foram incluidos 33 estudos na revisdo sistematica e foi curioso observar a
dificuldade no delineamento das casuisticas. Estudos cujo foco principal era a
obesidade, por vezes nao descreveram condicBes respiratdrias importantes,
como a presenca de asma. Em contrapartida, alguns estudos cujo foco principal
era a funcdo pulmonar néo citaram os critérios para definicdo de obesidade ou
incluiram individuos com sobrepeso e obesidade em uma mesma categoria.
Além disso, na maioria dos estudos, foram incluidas diferentes faixas etarias,
sem levar em conta a fase de crescimento e desenvolvimento corporal. Esses
fatores dificultam a compreenséo da influéncia da obesidade na fungéo pulmonar

de individuos em crescimento.

Assim, concluimos que, diante da heterogeneidade dos achados, o controle de
varidveis relacionadas a hébitos de vida, composicdo corporal e
desenvolvimento puberal poderia ser a chave para a compreensao da influéncia

da obesidade na funcéo pulmonar de criancas e adolescentes.

Para sanar estas duvidas desenhamos um estudo que buscasse controlar o0s

vieses metodologicos que encontramos em nossa revisdo. Nossa ideia,
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inicialmente, foi comparar a funcéo pulmonar de criancas e adolescentes, sem
historico de doenca respiratéria, com e sem obesidade, correlacionando os

achados com as seguintes variaveis:

(1) desenvolvimento puberal, a partir da analise dos critérios de Tanner;
(i) composicao corporal, a partir da analise do DXA;

(iii)  habitos de vida, a partir na andalise do IPAQ);

No entanto, a aplicacdo das avaliacbes nos levou a uma nova preocupacao: a
dificuldade na andlise da composi¢céo corporal de muitos dos participantes com
obesidade, que excederam a area de avaliacdo do DXA. Nos deparamos com a
possibilidade de ter que excluir estes individuos do estudo. Todavia, a técnica de
espelhamento foi uma saida para que pudéssemos incluir um namero maior de
sujeitos, ndo deixando de lado individuos com obesidade moérbida, os quais
potencialmente, sofrem as consequéncias adversas da obesidade.

Considerar refletir por¢cdes corporais de acordo com pontos anatdbmicos
previamente estabelecidos, para suprir as areas que ficaram fora dos limites do
DXAB8!, potencializa e amplia seu uso. Mas, a literatura sobre o uso da técnica
de espelhamento é bastante limitada, sobretudo na faixa etaria pediatrical®l. Os
estudos incluem apenas os individuos que excedem a area de avaliacéo.
Quando ha a analise de grupo controle ndo temos referéncia sobre o método
utilizado.

Desta maneira, realizamos o artigo n° 02 para que pudéssemos padronizar o uso
da técnica de espelhamento na andlise da composicdo corporal. Assim,
pudemos observar que a técnica de espelhamento estd em concordancia com a

técnica de corpo total.

De acordo com nosso levantamento apenas trés artigos abordaram a
comparacao da técnica de espelhamento e de corpo total na utilizacdo do DXA,
sendo que nenhum deles utilizou um grupo controle. Dois estudos foram

realizados com adultos'62162 e um com criancas e adolescentes?6!.

Os estudos de Rothney MP et al (2009)'2 e de Breithaupt P et al (2011)
realizaram o delineamento dos métodos de maneira bastante semelhante,

mudando apenas a faixa etaria da populagéo incluida. Em ambos os estudos
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nao houve diferenca entre as técnicas em relacdo as variaveis de massa magra
e de massa gorda. Assim como em nosso estudo, as Unicas diferencas
encontradas foram em relacdo ao contetdo mineral 6sseo e a densidade mineral

Ossea.

Todavia, analisando a significancia clinica desta diferenca notamos pouca
relevancia, tanto no presente estudo, como também nos estudos supracitados.
Em nosso estudo a diferenca entre as médias na comparagdo das técnicas em
relacdo ao conteudo mineral 6sseo foi de cinco gramas e em relacdo a densidade

mineral 6ssea esta diferenca foi equivalente a 0.01 g/cm?.

O terceiro estudo, de Lundgvist K et al (2009)%3, teve o objetivo um pouco
diferente pois utilizou o espelhamento do DXA para acompanhar intervencéao de
perda de peso em adultos, comparando a técnica a com a pletismografia por
deslocamento de ar. Os autores concluiram que a técnica de espelhamento é
precisa em relacdo a de corpo total, entretanto, aponta a pletismografia por

deslocamento de ar como um instrumento mais preciso.

Com o respaldo de nossos dados, ndo foi necessario comparar 0S grupos
considerando formatos de avaliagdo distintos (corpo total e espelhamento).
Pudemos unificar o método de avaliacéo, utilizando o espelhamento para todos
os individuos, de forma a tornar mais fidedigno os achados de comparacgéao entre
0S grupos com e sem obesidade.

Com esta selecéao criteriosa, elaboramos as andlises descritas no artigo n° 03,
buscando encontrar a influéncia da obesidade no sistema respiratério de
individuos em crescimento. Percebemos que mais importante e mais dificil do

gue encontrar as diferencas € entende-las.

Ao nosso entendimento, a compreensdo da fisiologia do crescimento e
desenvolvimento humano é a chave para o entendimento da fungéo pulmonar
em individuos com obesidade durante o crescimento. Foi revistando e
aprofundando nossos conhecimentos sobre os padrdes fisiologicos de
crescimento do sistema respiratorio que nos deparamos com a hipotese de que
0 padrdo de crescimento disanaptico possa ser determinante nas diferencas
entre a funcdo pulmonar de individuos com e sem obesidade durante o

crescimento.
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E muito recente e escassa a literatura que relaciona a obesidade com a
disanapse®3°, Essa limitagdo é anda maior por essa restrita literatura considerar
a associacdo da disanapse e fungdo pulmonar com foco principal em individuos

com asma.

A disanapse das vias aéreas € caracterizada como um padrdo de crescimento
fisiolégico e influenciado pelo sexo®. Sua principal caracteristica é a
desproporgdo entre o crescimento do parénquima pulmonar e das vias aéreas,
desta maneira, os individuos conseguem mobilizar maior volume de ar,
entretanto a velocidade com que este volume se desloca nas vias aéreas fica
restrita, uma vez que o calibre das vias aéreas ndo cresceu na mesma
proporgao®!. Essa condi¢do é mais prevalente no sexo masculino durante a fase
de crescimento, fato que se inverte na idade adulta®®. Entretanto algumas
condicBes patologicas podem favorecer este aumento da resisténcia das vias
aéreas, sendo que a grande dificuldade é estabelecer o limite da disanapse

fisioldgica e a patoldgica.

No presente estudo encontramos que o0s individuos com obesidade
apresentaram valores menores no VEF1/CVF, sem diferenga no VEF1 e com
valores maiores na CVF. Tal achado corrobora com a hip6tese de que a
obesidade potencialize o crescimento disanaptico. Outros estudos também
encontraram associacdo positiva de indicadores de obesidade com a CVF e
negativa com o VEF1/CVF®-192 ¢ diferencial deste estudo é que com a andlise
da composicdo corporal, conseguimos observar que o aumento da CVF e
reducdo do VEF1/CVF estdo correlacionados apenas com variaveis de massa
gorda. Este achado descarta a hipotese de que o aumento da CVF possa ser
decorrente do aumento da forca muscular, conforme proposto previamentel%,
demonstrando que o aumento da CVF ocorreu proporcionalmente ao aumento
da massa gorda. Assim, mais evidéncias nos direcionam para 0 aumento da

disanapse com a obesidade.

Apesar disso, o ID nao foi diferente entre os grupos. Além da amostra ser
pequena, acreditamos que como foi feita uma selecdo criteriosa, excluindo
individuos com sintomas respiratérios, a ferramenta nao foi sensivel para
detectar as alteracGes. Forno E et al (2017)%3, utilizou o ID para avaliar 4521

criancas e encontrou que a disanapse das vias aéreas esta associada com o
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sobrepeso e com a obesidade em criangcas com e sem asma, sendo que no
primeiro caso a disanapse também esta associada a piora dos sintomas, uso de
medicacdo e exacerbacdes mais graves da doenca. Jones MH et al (2017)%°,
ndo utilizou o ID, mas sim a andlise da oscilometria de impulso associada a
espirometria para também encontrar resultados que sugerem que tanto a asma

como 0 sobrepeso se associam a disanapse das vias aéreas.

Esses dois estudos reforcam que podemos compreender o mecanismo da
disanapse por meio de ferramentas diferentes; a grande questdo é sabermos
correlacionar a interpretacdo dos dados de funcéo pulmonar, com o crescimento

corporal e com condi¢Bes patoldgicas como a obesidade.

O artigo n° 03 também reforca a preocupacéo em relacéo a inatividade fisica de
criangas e adolescentes. Tanto no grupo obesidade como no grupo controle mais
de 40% dos individuos foram classificados com irregularmente ativos ou
sedentarios. Contextualizando socialmente o achados na literatura, observamos
que estudos brasileiros apontam que o tempo de tela, a classe social e a

obesidade sédo fatores que predispdem habitos de vida inadequados©4105,

5.1 Perspectivas

Diante dos achados, verificamos a necessidade de estudos longitudinais, que
acompanhem a fung&o pulmonar ao longo do crescimento e das modificagdes
fisiologicas e patoldgicas da composicdo corporal. Consideramos fundamental,
tanto na perspectiva clinica como na cientifica, que a atencéo e os cuidados com
a funcédo pulmonar fagam parte do cuidado de criangcas e adolescentes com

obesidade.

5.2 LimitagOes

A principal limitagdo de nosso estudo foi o tamanho da amostra. Encontramos
dificuldade na selecao de individuos, principalmente, do grupo controle em se

dispor voluntariamente a participar das avaliagoes.
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Além disso, tivemos casos em que os individuos se dispuseram a participar,
entretanto, tiveram que ser excluidos por estarem com sobrepeso. Fato que nos
levou a reflexdo sobre a dificuldade da sociedade em relagédo ao excesso de
peso, ja que este € tdo comum em nosso dia-a-dia.
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6. Conclusdes

No presente estudo concluimos que é fundamental o controle das variaveis de
crescimento, composi¢cdo corporal e habitos de vida na analise da funcao
pulmonar de criangas e adolescentes com obesidade.

Para a analise da composicéo corporal, 0 DXA é um instrumento preciso e com
boa aplicabilidade e reprodutibilidade. A principal limitacdo do equipamento, que
€ na area de avaliacdo, pode ser suprida com o uso da técnica de espelhamento,

gue apresentou elevada concordancia com a técnica de corpo total.

Desta forma, comparando a fun¢do pulmonar e a composi¢ao corporal de criancas
e adolescentes com e sem obesidade pudemos concluir que individuos com
obesidade apresentam menor VEF1/CVF e maior CVF, sendo que estas variacdes
estdo correlacionadas apenas com as variaveis de massa gorda, indicando que
sdo decorrentes, exclusivamente, da obesidade. Nossa hipotese é que estas
alteracOes estdo associadas ao aumento da disanapse das vias aéreas, durante

0 crescimento, nos individuos com obesidade.
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8. Apéndices

Apéndice 1: Termo de consentimento livre e esclarecido (TCLE) para os
participantes menores de 18 anos.

S,
a¥
UNICAMP Universidade Estadual de Campinas

O menor sob sua responsabilidade esta sendo convidado a participar como voluntario
de uma pesquisa. Este documento, chamado Termo de Consentimento Livre e
Esclarecido (elaborado de acordo com a resolucdo CNS 466/12), visa assegurar 0S
direitos do participante e é elaborado em duas vias, uma que devera ficar com vocé e
outra com o pesquisador.

Por favor, leia com atencéo e calma, aproveitando para esclarecer suas duvidas.
Se houver perguntas antes ou mesmo depois de assina-lo, vocé podera esclarecé-las
com o pesquisador. Se preferir, pode levar este Termo para casa e consultar seus
familiares ou outras pessoas antes de decidir participar. Se vocé nao quiser participar
ou retirar sua autorizacdo, a qualquer momento, ndo havera nenhum tipo de penalizacao
ou prejuizo.

Consentimento Formal da Participacéo no Estudo Intitulado:

“Associagao entre as fungoées pulmonar e metabédlica durante o

desenvolvimento puberal em individuos obesos”
Responsaveis: Mariana Simdes Ferreira
Prof. Dr. Roberto Teixeira Mendes
Prof. Dr. José Dirceu Ribeiro

Objetivo do Estudo: O objetivo desse trabalho é analisar e comparar a funcdo pulmonar de
individuos obesos e saudaveis de 05-20 anos, englobando assim sujeitos em todos os estagios
de desenvolvimento puberal, e associa-la com a composicéo corporal e com a concentracéo de
leptina, adiponectina, interleucinas 6 e 8, fator de necrose tumoral, com o hemograma e com a
imunoglobulina E total.

Justificativa: A obesidade corresponde ao problema nutricional mais comum em crian¢cas nos
paises desenvolvidos, sendo que estimativas mostram que a prevaléncia de obesidade infantil
triplicou desde 1970. Isso gera grande preocupacado, pois, a obesidade tende a persistir pela
adolescéncia e vida adulta, acarretando problemas de saulde fisica e mental cada vez mais cedo.
(NADER et al, 2006)

Explicacdo do Procedimento: Apds seu consentimento, o projeto prevé a resposta de um breve
guestionario sobre a pratica de atividades fisicas e o histérico de doenga respiratéria. Sera
realizada avaliacao da fungcé@o pulmonar por meio da espirometria, da capnografia volumétrica
(exames ndo-invasivos que irdo medir o volume e o fluxo do ar que entram e saem do pulmé&o)
e a utlizagdo do 6xido nitrico exalado para verificar a presenga de inflamagdo das vias
respiratérias. Esses procedimentos deverdo ser realizados antes e apés o uso de broncodilatador
(medicacdo que dilata os brbénquios, utilizada em doencas pulmonares obstrutivas) nos
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individuos obesos e sem uso de medicacdo nos individuos saudaveis. Apds a avaliacdo
respiratéria dos individuos, sera coletado 15 mL de sangue para a analise das dosagens séricas
citadas anteriormente. Sera avaliado o desenvolvimento puberal do participante por meio dos
critérios de Tanner, analisando, nas meninas, as mamas e nos meninos as genitalias além de
pelos pubianos em ambos os sexos. Os dados antropométricos (como peso e altura) e sinais
vitais (pressao arterial, frequéncia cardiaca e respiratéria e saturacao periférica de oxigénio) dos
individuos também seréo coletados, assim como, a composi¢ao corporal, que sera avaliada por
meio da absorciometria de feixe duplo (DXA) — 2 analises. Serdo excluidos do estudo individuos
com doencas respiratérias, como asma. A presenca de asma sera baseada no histérico clinico
e também serdo considerados asmaticos os individuos que apresentarem espirometria com
resposta superior a 7% do valor predito para o individuo ou 200 mililitros (mL) do valor absoluto
para o VEF1. Individuos tabagistas também serdo excluidos do estudo. O participante que faltar
a consulta de rotina do ambulatério sera automaticamente excluido do estudo.

Possiveis Beneficios: Este estudo possibilitara o levantamento de indicadores das condicdes
respiratérias e possiveis alteracdes inflamatdrias dos participantes. A partir da analise dos dados
encontrados nas avaliagfes pretende-se nortear o tratamento da obesidade infantil. Além disso,
0 participante (seja obeso ou grupo controle) tera acesso a todos os exames realizados e
recebera atendimento direcionado gratuitamente em caso de alteracdes nos exames. Os
individuos saudaveis sem alteracbes nos exames néo terdo beneficios diretos ao participar da
pesquisa.

Desconforto e Risco: Para este experimento sera necesséria a pun¢édo venosa do menor. Com
este procedimento pode haver o risco de hematoma local e inflamacéo local, denominada flebite.
Este procedimento pode causar desconforto. Além disso, pode haver constrangimento do
participante na avaliagdo do desenvolvimento puberal, ao se auto avaliar em rela¢éo aos pelos
pubianos, mamas e genitalia, ou ser avaliado por seus responséaveis. A avaliagdo da composicao
corporal por meio do DXA é um método indolor, semelhante ao raio-x, que utiliza baixas doses
de radiacdo. Ja a avaliacao da fungdo pulmonar ndo acarreta nenhum risco a salde. Apenas
entre os obesos os quais utilizardo uma medicagédo, chamada broncodilatador, antes de repetir
a avaliacdo da funcdo pulmonar pode haver taquicardia no voluntario, consequente ao uso do
medicamento. Vale ressaltar que os procedimentos seréo realizados por profissionais habilitados
para a func@o e respeitando 0s aspectos éticos da profissdo. Sua serd mantida em sigilo
absoluto.

Todavia vale ressaltar que os procedimentos seréo realizados por profissionais habilitados para
a funcgéo e respeitando 0s aspectos éticos da profissdo. A identidade do menor sera mantida em
sigilo absoluto.

Seguro de Saude ou Vida: Nao existe nenhum tipo de seguro salde ou de vida que possa vir
beneficiar o participante em fung&o da participacdo nesse estudo.

Ressarcimento: Nao existe nenhum tipo ressarcimento financeiro que possa beneficiar o
participante em funcéo de sua participacdo nesse estudo, ja que as avaliagdes serdo realizadas
durante consultas ambulatoriais de rotina.

Liberdade de Participacéo: A participacdo nesse estudo é voluntaria. E seu direito interromper
a participacdo do menor sob sua responsabilidade a qualquer momento sem que isso incorra em
gualquer penalidade ou prejuizo. O pesquisador tem o direito de excluir o participante deste
experimento no caso de conduta inadequada durante o periodo de avaliagdo e intervencao.

Sigilo de Identidade: As informac8es obtidas nesta pesquisa ndo serdo, de maneira alguma,
associadas a identidade do menor e ndo poderéo ser consultadas por pessoas leigas sem minha
autorizagéo oficial. Estas informacdes poderao ser utilizadas para fins estatisticos ou cientificos,
desde figuem resguardados com total privacidade e anonimato.

Acompanhamento e assisténcia: Nao havera alteragdes no modelo de assisténcia ao individuo
apos a realizacao desta pesquisa. Apenas serdo feitos encaminhamentos para especialistas em
caso de alteragBes nas avaliagcdes. Em caso de dano decorrente da pesquisa, esta garantida a
assisténcia integral e imediata, de forma gratuita, pelo tempo que for necessario. Vocé também
tem direito a indenizacéo em caso de danos.
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Armazenamento de material: Ao final da pesquisa o material biolégico coletado sera
descartado, NAO HAVENDO ARMAZENAMENTO DA AMOSTRA.

Responsabilidade do Pesquisador: Asseguro ter cumprido as exigéncias da resolucao
466/2012 CNS/MS e complementares na elaborac&o do protocolo e na obtencéo deste Termo
de Consentimento Livre e Esclarecido. Asseguro, também, ter explicado e fornecido uma copia
deste documento ao participante. Informo que o estudo foi aprovado pelo CEP perante o qual o
projeto foi apresentado. Comprometo-me a utilizar o material e os dados obtidos nesta pesquisa
exclusivamente para as finalidades previstas neste documento ou conforme o consentimento
dado pelo participante.

Os responsaveis pelo estudo me explicaram todos os riscos envolvidos, a necessidade da
pesquisa e se prontificaram a esclarecer todas as minhas questfes sobre o experimento. Eu
aceitei participar deste estudo de livre e espontanea vontade.

Eu, , portadora do
RG n° , residente a
n° , bairro na cidade de

- , responsavel pelo

menor

declaro que concordo em participar, voluntariamente, na pesquisa

conduzida pela aluna responsavel e pelos respectivos orientadores.

, de de201__

Nome por Extenso Assinatura do (a) Responsavel

Certos de poder contar com a sua autoriza¢do, colocamo-nos a disposi¢cédo para
esclarecimento através da aluna Mariana Simdes Ferreira pelos telefones: (19)
35218983 e (19)992616035, email: mariana-simoes@uol.com.br. Endereco

Institucional: R. Tessalia Vieira de Camargo, 126. Cidade Universitaria "Zeferino
Vaz". CEP: 13083-887. Campinas, SP, Brasil.

Em caso de denuncias ou reclamacdes sobre sua participacdo e sobre questdes
éticas do estudo, vocé pode entrar em contato com a secretaria do Comité de
Etica em Pesquisa (CEP) da UNICAMP das 08:30hs as 13:30hs e das 13:00hs as
17:00hs na Rua: Tessalia Vieira de Camargo, 126; CEP 13083-887 Campinas —
SP; telefone (19) 3521-8936; fax (19) 3521-7187; e-mail: cep@fcm.unicamp.br
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Apéndice 2: Termo de consentimento livre e esclarecido (TCLE) para os
participantes maiores de 18 anos.

S,
oY
LNICAMP Universidade Estadual de Campinas

Vocé estd sendo convidado a participar como voluntario de uma pesquisa. Este
documento, chamado Termo de Consentimento Livre e Esclarecido (elaborado de
acordo com a resolugdo CNS 466/12), visa assegurar seus direitos como participante
da pequisa e é elaborado em duas vias, uma que devera ficar com vocé e outra com o
pesquisador.

Por favor, leia com atencéo e calma, aproveitando para esclarecer suas duvidas.
Se houver perguntas antes ou mesmo depois de assina-lo, vocé podera esclarecé-las
com o pesquisador. Se preferir, pode levar este Termo para casa e consultar seus
familiares ou outras pessoas antes de decidir participar. Se vocé ndo quiser participar
ou retirar sua autorizacdo, a qualquer momento, ndo havera nenhum tipo de penalizacao
ou prejuizo.

Consentimento Formal da Participacédo no Estudo Intitulado:

“Associagao entre as fungoées pulmonar e metabédlica durante o

desenvolvimento puberal em individuos obesos”

Responsaveis: Mariana Simdes Ferreira
Prof. Dr. Roberto Teixeira Mendes
Prof. Dr. José Dirceu Ribeiro

Objetivo do Estudo: O objetivo desse trabalho é analisar e comparar a funcdo pulmonar de
individuos obesos e saudaveis de 05-20 anos, englobando assim sujeitos em todos 0s estagios
de desenvolvimento puberal, e associd-la com a composi¢éo corporal e com a concentracédo de
leptina, adiponectina, interleucinas 6 e 8, fator de necrose tumoral, com o hemograma e com a
imunoglobulina E total.

Justificativa: A obesidade corresponde ao problema nutricional mais comum em criangas nos
paises desenvolvidos, sendo que estimativas mostram que a prevaléncia de obesidade infantil
triplicou desde 1970. Isso gera grande preocupacdo, pois, a obesidade tende a persistir pela
adolescéncia e vida adulta, acarretando problemas de saude fisica e mental cada vez mais cedo.
(NADER et al, 2006)

Explicagdo do Procedimento: Apds seu consentimento, o projeto prevé a resposta de um breve
guestionario sobre a pratica de atividades fisicas e o histérico de doenca respiratoria. Sera
realizada avaliagdo da funcédo pulmonar por meio da espirometria, da capnografia volumétrica
(exames ndo-invasivos que irdo medir o volume e o fluxo do ar que entram e saem do pulmé&o)
e a utlizagdo do o6xido nitrico exalado para verificar a presenca de inflamacdo das vias
respiratérias. Esses procedimentos deverdo ser realizados antes e apds o uso de broncodilatador
(medicacdo que dilata os brbnquios, utilizada em doencas pulmonares obstrutivas) nos
individuos obesos e sem uso de medicacdo nos individuos saudaveis. Apdés a avaliacdo
respiratéria dos individuos, sera coletado 15 mL de sangue para a analise das dosagens séricas
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citadas anteriormente. Sera avaliado o desenvolvimento puberal do participante por meio dos
critérios de Tanner, analisando, nas meninas, as mamas e nos meninos as genitalias além de
pelos pubianos em ambos os sexos. Os dados antropométricos (como peso e altura) e sinais
vitais (pressao arterial, frequéncia cardiaca e respiratéria e saturacao periférica de oxigénio) do
individuo também serdo coletados, assim como, a composi¢édo corporal sera avaliada por meio
da absorciometria de feixe duplo (DEXA) — 2 analises. Serdo excluidos do estudo individuos com
doencgas respiratérias, como asma. A presenca de asma sera baseada no histérico clinico e
também serdo considerados asmaticos os individuos que apresentarem espirometria com
resposta superior a 7% do valor predito para o individuo ou 200 mililitros (mL) do valor absoluto
para o VEF1. Individuos tabagistas também serdo excluidos do estudo. O participante que faltar
a consulta de rotina do ambulatério sera automaticamente excluido do estudo.

Possiveis Beneficios: Este estudo possibilitara o levantamento de indicadores das condicdes
respiratérias e possiveis alteracdes inflamatdrias dos participantes. A partir da analise dos dados
encontrados nas avaliacdes pretende-se nortear o tratamento da obesidade infantil. Além disso,
0 participante (seja obeso ou grupo controle) ter4 acesso a todos os exames realizados e
recebera atendimento direcionado gratuitamente em caso de alteracdes nos exames. Os
individuos saudaveis sem alteracdes nos exames ndo terdo beneficios diretos ao participar da
pesquisa.

Desconforto e Risco: Para este experimento sera necesséria a pung¢do venosa. Com este
procedimento pode haver o risco de hematoma local e inflamagéo local, denominada flebite. Este
procedimento pode causar desconforto. Além disso, pode haver constrangimento do participante
na avaliacdo do desenvolvimento puberal, ao se auto avaliar em relacdo aos pelos pubianos,
mamas e genitalia. A avaliacdo da composic¢éo corporal por meio do DEXA é um método indolor,
semelhante ao raio-X, que utiliza baixas doses de radia¢édo. Ja a avaliacdo da funcéo pulmonar
ndo acarreta nenhum risco a saude. Apenas entre 0s obesos 0s quais utilizardo uma medicacao,
chamada broncodilatador, antes de repetir a avaliagdo da fungdo pulmonar pode haver
taquicardia no voluntario, consequente ao uso do medicamento. Vale ressaltar que os
procedimentos serdo realizados por profissionais habilitados para a fungéo e respeitando os
aspectos éticos da profissdo. Sua sera mantida em sigilo absoluto.

Seguro de Saude ou Vida: Nao existe nenhum tipo de seguro salde ou de vida que possa vir
beneficiar o participante em fung&o da participacdo nesse estudo.

Ressarcimento: Nao existe nenhum tipo ressarcimento financeiro que possa beneficiar o
participante em funcdo da participacdo nesse estudo, j4 que as avaliacGes serdo realizadas
durante consultas ambulatoriais de rotina.

Liberdade de Participacéo: A participacdo nesse estudo é voluntaria. E seu direito interromper
a participacdo a qualquer momento sem que isso incorra em qualquer penalidade ou prejuizo. O
pesquisador tem o direito de me excluir deste experimento no caso de conduta inadequada
durante o periodo de avaliacdo e intervencgdao.

Sigilo de Identidade: As informac8es obtidas nesta pesquisa ndo serdo, de maneira alguma,
associadas a sua identidade e ndo poderdo ser consultadas por pessoas leigas sem minha
autorizacéo oficial. Estas informacdes poderdo ser utilizadas para fins estatisticos ou cientificos,
desde figuem resguardados com total privacidade e anonimato.

Acompanhamento e assisténcia: Nao havera alteragdes no modelo de assisténcia ao individuo
apos a realizacdo desta pesquisa. Apenas serao feitos encaminhamentos para especialistas em
caso de alteracdes nas avaliacdes. Em caso de dano decorrente da pesquisa, esta garantida a
assisténcia integral e imediata, de forma gratuita, pelo tempo que for necessario. Vocé também
tem direito a indenizacéo em caso de danos.

Armazenamento de material: Ao final da pesquisa o material biologico coletado sera
descartado, NAO HAVENDO ARMAZENAMENTO DA AMOSTRA.

Responsabilidade do Pesquisador: Asseguro ter cumprido as exigéncias da resolucao
466/2012 CNS/MS e complementares na elaboracdo do protocolo e na obtencdo deste Termo
de Consentimento Livre e Esclarecido. Asseguro, também, ter explicado e fornecido uma cépia
deste documento ao participante. Informo que o estudo foi aprovado pelo CEP perante o qual o
projeto foi apresentado. Comprometo-me a utilizar o material e os dados obtidos nesta pesquisa
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exclusivamente para as finalidades previstas neste documento ou conforme o consentimento
dado pelo participante.

Os responsaveis pelo estudo me explicaram todos os riscos envolvidos, a necessidade da
pesquisa e se prontificaram a esclarecer todas as minhas questdes sobre o experimento. Eu
aceitei participar deste estudo de livre e espontédnea vontade.

Eu, , portadora do
RG n° , residente a
ne , bairro na cidade de

- , declaro que concordo em

participar, voluntariamente, na pesquisa conduzida pela aluna

responsavel e pelos respectivos orientadores.

\ de de 201

Nome por Extenso Assinatura do participante

Certos de poder contar com a sua autorizagdo, colocamo-nos a disposi¢gao para
esclarecimento através da aluna Mariana Simdes Ferreira pelos telefones: (19)
35218983 e (19)992616035, email: mariana-simoes@uol.com.br. Endereco
Institucional: R. Tessalia Vieira de Camargo, 126. Cidade Universitaria "Zeferino
Vaz". CEP: 13083-887. Campinas, SP, Brasil.

Em caso de denuncias ou reclamacdes sobre sua participacao e sobre questdes
éticas do estudo, vocé pode entrar em contato com a secretaria do Comité de
Etica em Pesquisa (CEP) da UNICAMP das 08:30hs as 13:30hs e das 13:00hs as
17:00hs na Rua: Tessélia Vieira de Camargo, 126; CEP 13083-887 Campinas —
SP; telefone (19) 3521-8936; fax (19) 3521-7187; e-mail: cep@fcm.unicamp.br
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Apéndice 3: Termo de assentimento livre e esclarecido (TALE).

S,
oY
uNICAMP Universidade Estadual de Campinas

Vocé esta sendo convidado para participar da pesquisa “Associagao entre as fungoes
pulmonar e metabdlica durante o desenvolvimento puberal em individuos
obesos”. Seus pais autorizaram que vocé participasse.

Com esta pesquisa, gostariamos de analisar e comparar a funcao pulmonar, ou seja, o
ar que entra e sai dos pulmdes, de individuos obesos e saudaveis, englobando assim
sujeitos antes, durante e apos a puberdade. Depois iremos associar a fungédo pulmonar
com algumas substancias contidas em seu sangue cujo 0 aumento pode estar
associado a uma inflamagéo. S&o elas: a leptina, a adiponectina, as interleucinas 6 e 8,
o fator de necrose tumoral, 0 hemograma e a imunoglobulina E total. Sera avaliada a
composicao corporal por meio de um exame chamado absorcimetria de feixe duplo (DEXA), que
€ semelhante a um raio-x com baixas doses de radiac&o.

Participardo desta pesquisa individuos com idade entre 05 e 20 anos.

Neste estudo, vocé e seu responsavel irdo responder um breve questionario sobre a pratica de
atividades fisicas e o histérico de doenca respiratoria. Depois, serd realizada avaliagao da funcéo
pulmonar por meio de exames chamados espirometria e capnografia volumétrica, ambos para
verificar os volumes e os fluxos de ar que entram e saem dos pulmdes. Também iremos utilizar
um medidor de éxido nitrico exalado, que é um aparelho no qual vocé deve assoprar para verificar
a presenca de inflamac@o em suas vias respiratorias. Esses procedimentos deverdo ser
realizados antes e ap6s 0 uso de um medicamento broncodilatador nos individuos obesos e sem
uso de medicacao nos individuos saudaveis. As avaliagdes da funcdo pulmonar ndo trazem
nenhum risco a saude, apenas o broncodilatador pode aumentar seu batimento cardiaco, mas
isso sera controlado durante a avaliagdo. Apds a avaliagcao respiratoria dos individuos, sera
coletado 15 mL de seu sangue para a andlise das substancias citadas anteriormente. Também
sera avaliado qual estagio da puberdade vocé esta por meio dos critérios de Tanner, avaliando
nas meninas as mamas e nos meninos as genitalias além de pelos pubianos em ambos os sexos.
Os dados antropométricos, como peso e altura, e sinais vitais (frequéncia cardiaca e respiratéria,
pressédo arterial e saturacao periférica de oxigénio) do individuo também serao coletados. Por
fim, serd feita a avaliacdo da composi¢éo corporal, como citamos anteriormente.

Ao coletar seu sangue existe a possibilidade de hematoma e inflamacé&o local, mas todos os
cuidados serdo tomados para que isso ndo ocorra. Vocé também pode ficar constrangido pois
terd que ficar desnudo para 0 médico avaliar o estagio puberal, mas ele realizara o procedimento

dentro dos critérios éticos. Caso vocé tenha qualquer duvida ou dificuldade podera nos contatar
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pelos telefones (19) 992616035 ou (19) 35218983 e falar com a pesquisadora Mariana Simdes
Ferreira.

Com os resultados desse estudo vamos conhecer melhor as condi¢cdes pulmonares e
metabolicas dos obesos para poder promover um atendimento com qualidade cada vez melhor.
Seu responsavel receberd uma copia dos exames e, caso haja qualquer alteragéo nos exames,
faremos o encaminhamento de forma gratuita para um especialista

Ninguém sabera que vocé esta participando da pesquisa, ndo falaremos a outras pessoas, nem
daremos a estranhos as informacdes que vocé nos der. Os resultados serdo publicados, mas
sem identificar quem participou da pesquisa.

Se vocé tiver qualquer questionamento, ndo hesite em fazé-lo.

Eu aceito  participar da

pesquisa “Associagcdao entre as fung¢ées pulmonar e metabdlica durante o
desenvolvimento puberal em individuos obesos”. Entendi as coisas ruins e boas
que podem acontecer. Entendi também que posso dizer “sim” e participar, € que posso
dizer “ndo” a qualquer momento desistindo de participar e que ninguém ficara aborrecido
com isso. Os pesquisadores conversaram comigo € Com meus responsaveis e tiraram
nossas duvidas. Recebi uma cépia desse termo de assentimento e li e concordo em

participar da pesquisa.

, de de201__

Assinatura do (a) Voluntario (a)

Assinatura da Pesquisadora

Certos de poder contar com a sua autorizagdo, colocamo-nos a disposi¢gao para
esclarecimento através da aluna Mariana Simfes Ferreira pelos telefones: (19)
35218983 e (19)992616035, email: mariana-simoes@uol.com.br. Endereco
Institucional: R. Tessalia Vieira de Camargo, 126. Cidade Universitaria "Zeferino
Vaz". CEP: 13083-887. Campinas, SP, Brasil.

Em caso de denuncias ou reclamacdes sobre sua participacdo e sobre questdes
éticas do estudo, vocé pode entrar em contato com a secretaria do Comité de
Etica em Pesquisa (CEP) da UNICAMP das 08:30hs as 13:30hs e das 13:00hs as
17:00hs na Rua: Tessalia Vieira de Camargo, 126; CEP 13083-887 Campinas —
SP; telefone (19) 3521-8936; fax (19) 3521-7187; e-mail: cep@fcm.unicamp.br
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Ficha de Avaliagao do Projeto “Associagao entre as fungdes pulmonar e metabdlica

durante o desenvolvimento puberal em individuos obesos”

Dados pessoais

Nome:

Endereco:

Telefone: Idade: HC:

Escolaridade:

() Analfabeto

() Ensino Fundamental Incompleto () Ensino Fundamental Completo
() Ensino Médio Incompleto () Ensino Médio Completo

Data de Nascimento: / / Data da Avaliacéo:

Etnia: () Branca () Negra () Parda () Oriental

Medicacbes em uso:

Anamnese

- Pratica de Atividades Fisicas

1. Realiza exercicios fisicos?

() Sim — Que tipo de exercicios, quanto tempo por dia e quantas vezes por semana.

() N&o — Qual Motivo.

2. Doencas Associadas
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Observacoes:

- Doenca Respiratoria

1. Tem ou teve episédios recorrentes de falta de ar?

2. Teve alguma crise ou episddios recorrentes de sibilancia?

3. Tem tosse persistente, particularmente a noite ou ao acordar?

4. Acorda por tosse ou falta de ar?

5. Tem tosse, sibilancia, aperto no peito apds atividade fisica?

6. Apresentatosse, sibilancia ou desenvolve aperto no peito apos a alergénicos como mofo,
poeira de casa e animais ou irritantes como fumaca de cigarros, perfumes, ou apés

resfriados ou altera¢cdes emocionais como risada ou choro?

7. Usa alguma medica¢do quando os sintomas ocorrem? Com que frequéncia?

8. Os sintomas séao aliviados quando a medicagéo € usada?

Exame fisico
FC (repouso) bpm FR rpm
SpO2

Presséo Arterial: mmHg




Avaliacdo do IMC (peso/altura?)

Peso (Kg)

Altura (m) IMC

156

Classificacao:

Avaliacao das circunferéncias peitoral, abdominal e do quadro

Circunferéncia toréacica: cm Circunferéncia abdominal:

do quadril:

cm

ESPIROMETRIA

Pré BD % Pré BD Pés BD
FvC
FEV1
FEV1/FFV
FEF25%
FEF50%
FEF75%
FEF25-75%
PEF
ERV

CAPNOGRAFIA VOLUMETRICA

VM

TI

VMalv VC VCalv VD VD/IVT

TE Slp2 Slp3 Slp2/Ve Slp3/Ve

OXIDO NITRICO EXALADO

FeNO:

ppb

Dosagens Séricas

Leptina:

Interleucina 6:

Interleucina 8:

Fator de Necrose Tumoral:

Fisioterapeuta responsavel pela avaliagao

cm  Circunferéncia

% P6s BD
VCO2 EtCO2
SpO: FR
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9. Anexos

Anexo 1: Parecer do comité de ética em pesquisa

COMITE DE ETICA EM
PESQUISA DA UNICAMP - {Wm
CAMPUS CAMPINAS

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Associacdo entre as funcdes pulmonar e metabdlica durante o desenvolvimento
puberal em individuos obesos

Pesquisador: Mariana Simdes Ferreira

Area Tematica:

Versdo: 4

CAAE: 42633515.0.0000.5404

Instituigdo Proponente: Hospital de Clinicas - UNICAMP
Patrocinador Principal: Financiamento Propric

DADOS DO PARECER

Numero do Parecer: 1.068.533
Data da Relatoria: 18/05/2015

Apresentagdo do Projeto:

A obesidade é considerada na atualidade uma disfungdo que abrange proporgdes epidémicas e cujas
repercussdes englobam aspectos orgdnicos e psicossociais. O sistema respiratdrio € um dos mais
comprometidos pela obesidade, a qual leva a limitagdo da mecdnica respiratdria, prejuizos na fungdo
pulmonar e, mais recentemente foi estudada a patogénese de doencas respiratérias, em individuos obesos,
associada a um estado de inflamacdo sistémica, causada por um desequilibrio entre mediadores
inflamatdrios produzidos no tecido adiposo. Em criancas e adolescentes a literatura sobre o assunto & muito
escassa e ndo esta estabelecida relagc&o entre obesidade, funcdc pulmonar e desenvolvimento puberal. Em
estudo prévio, observamos durante o periodo da puberdade um aumento significativo dos volumes
pulmonares e da CVF nos obesos, podendo se tratar de um mecanismo adaptativo as mudancas corporais
durante esse periodo e que, provavelmente, volte ao padrdo normal na vida adulta. Assim, a descricdo da
funcdo pulmonar e das alteragdes bioguimicas antes, durante e apos o desenvolvimento puberal favoreceria
a compreensdo dos mecanismos adaptativos durante a adolescéncia e suas repercussies na vida adulta.
Objetive: Comparar e analisar a fun¢do pulmonar de individuos obesos e eutréficos em cortes transversais
incluindo todos os estagios do desenvolvimento puberal e correlaciona-la com a composigdo corporal e com
o nivel serico de leptina, adiponectina, interleucina 6 (IL-6) e fator de
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necrose tumoral (TNF-). Método: Estudo transversal e analitico com um grupo controle, que incluira
individuos de 05-25 anos. Para definicdo de obesidade sera utilizado os critérios da Organizagdo Munidal da
Saude (OMS) para individuos de 05 a 19 anos (IMCp97) e IMC maior que 25 para os individuos acima de 19
anos. Serdo excluidos do estudo sujeitos com gualquer limitag&o fisica e neurologica que possa dificultar a
compreensao efou execucdo das avaliagGes. Também serdo excluidos individuos com doencgas
respiratérias, como asma, a qual sera identificada por meio da espirometria e do questionario ISAAC
(International Study of Asthma and Allergies in Childhood) e tabagistas. Sera critério de inclusdo a
assinatura do Termo de Consentimento Livre e Esclarecido pelos sujeitos do estudo, ou seus responsaveis
no caso dos menores de 18 anos. A funcdo pulmonar serd avaliada por meio da espirometria, da
capnografia volumeétrica e do dxido nitrico exalado, a composigcdo corporal sera avaliada por meio da
absorciometria de feixe duplo (DEXA) e serdo dosadas a leptina, interleucina 6 (IL-6) e fator de necrose
tumoral (TNF-) dos sujeitos do estudo.

Objetivo da Pesquisa:

Objetivo Primario. Comparar e analisar a fun¢do pulmonar de individuos obesos e eutroficos, com idade
entre 05 e 20 anos, englobando, desta forma, individuos prépuberes, pliberes e pos-pliberes. Sendo assim,
associar a fungdo pulmonar com o estadiamento puberal, com a composi¢do corporal e com a dosagem de
marcadores inflamatorios, para que se possa verificar se as alteracdes na fun¢do pulmonar de jovens
obesos sdo decorrentes apenas de uma alteracdo na mecadnica respiratdria, ou se um mecanismo
inflamatorio pode estar envolvido.

Objetivo Secundario: - Avaliar a func&o pulmonar de individuos obesos por meio da espirometria e da
capnografia volumétrica e compara-la com a de individuos saudaveis - Mensurar a fragdo expirada de oxido
nitrico (FeNO} dos obesos, a fim de verificar inflamacdo das vias respiratérias e comparar o resuliado com
os valores de normalidade e com as medidas do grupo controle. - Verificar o comportamento da funcéo
pulmonar de individuos obesos durante todos os estagios de desenvolvimento puberal, comparando 0s
achados com os de individuos saudaveis. - Avaliar a composi¢do corporal dos individuos obesos por meio
da absorcimetria de feixe duplo (DEXA), correlacionando a distribuicdo de gordura corporal com possiveis
alteragdes na funcdo pulmonar. - Analisar e comparar as dosagens séricas de Imunoglobulina E (IgE) em
obesos e saudaveis, verificando possiveis associacdes entre os niveis de IgE e a fung&o pulmonar. -
Analisar o hemograma e as dosagens séricas de leptina, adiponectina, IL-6, TNF- e PCR, comparando 0s
resultados dos individuos obesos e saudaveis e detectando possiveis alteracdes de acordo com o
estadiamento puberal dos individuos. - Verificar se as alteracdes das dosagens séricas dos
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marcadores inflamatorios se associam com alteragdes na FeNO em individuos obesos, fortalecendo a
utilizacdo do FeNO come instrumento indicador de inflamag&o. - Associar as alteragfes na fungao pulmonar
dos obesos com as dosagens séricas dos marcadores inflamatérios e com a FeNO para detectar um
componente inflamatdrio nos possiveis disturbios ventilatérios decorrentes da obesidade.

Avaliagdo dos Riscos e Beneficios:

Riscos: Para este experimento sera necessaria a pun¢ao venosa. Este procedimento acarreta o risco de
hematoma local e inflamacdo local, denominada flebite. Este procedimento pode causar desconforto, com
dor local. Além disso, pode haver constrangimento do participante na avaliagdo do desenvolvimento puberal,
pois o participante devera ficar desnudo para a avaliagdo do médico habilitado. Todavia vale ressaltar que
0s procedimentos serdo realizados por profissionais habilitados para a fun¢o e respeitando os aspectos
éticos da profissdo. A identidade do participante sera mantida em sigilo absoluto.

Beneficios: Este estudo possibilitara o levantamento de indicadores das condigfes respiratorias e possiveis
alteracdes inflamatorias dos participantes. A partir da analise dos dados encontrades nas avaliagdes
pretende-se nortear o tratamento da obesidade infantil.

Comentarios e Consideragoes sobre a Pesquisa:

Este protocolo se refere ac Projeto de Pesquisa intitulado "Associagdo entre as funcdes pulmonar e
metabdlica durante o desenvolvimento puberal em individuos obesos”, cuja Pesquisadora responsavel
Mariana Simdes Ferreira sob orientacdo do Prof. Dr. Roberto Teixeira Mendes e co-orientacde do Prof. Dr.
José Dirceu Ribeiro e a equipe de pesquisa contempla os seguintes pesquisadores:lima Aparecida
Paschoal, Jose Dirceu Ribeiro,Marcos Tadeu Molasco da Silva e Roberto Teixeira Mendes. A pesquisa
embasara a Tese de Doutorado da pesquisadora. A Instituicdo Proponente € a Faculdade de Ciéncias
Medicas da UNICAMP. Segundo as Informacdes Basicas do Projeto, a pesquisa tem orgamento estimado
em R%181,56 e o cronograma apresentado contempla inicio do estudo para 04/05/2015 com término em
11/07/2016. Serdo abordados ao todo 156 pessoas, sendo 26 Obesos Pré-plberes,26 Saudaveis
Préplberes, 26 Obesos Plberes, 26 Saudaveis Plberes, 26 Obesos Pds-plaberes e 26 Avaliagdo
Saudaveis Pos-puberes .

Consideragdes sobre os Termos de apresentagdo obrigatoria:
A pesquisadora anexou os seguintes termos de apresentacdo obrigatorio:
1-A folha de rosto (Folha de rosto pdf 05/03/2015 16:38:29) confere com o titulo do projeto de
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pesquisa e apresenta a assinatura do pesquisador responsavel e do responsavel pela instituigdo.

2 - Protocolo de pesquisa gerado pela plataforma Brasil:
"PB_INFORMACOES_BASICAS_DO_PROJETO_266612 pdf 07/05/2015 18:30:32" com todos os itens
preenchidos, incluindo cronograma de execucdo da pesquisa e orgamento, indicando financiamento pelo
préprio pesquisador com custo estimado em R$ 181,56 e inicio da coleta de dados em 04/05/2015.
3-Projeto de Pesquisa, com finalidade de doutorado, anexado a Plataforma Brasil (Projeto detalhado
CEP .pdf 07/05/2015 18:28:01).

4-Termo de Consentimento Livre e Esclarecido (TCLE), a ser aplicado para os participantes maiores de
idade e para os responsavel legal do menor, anexado & Plataforma Brasil(TCLE maiores de 18 pdf
07/05/2015 18:28:54, TCLE pdf 07/05/2015 18:28:27 e Termo de assentimento_pdf 07/05/2015 18:29:23).
5-Documento "Carta ao CEP.pdf07/05/2015 18:29:58".

Recomendagdes:

Mos TCLEs no item responsabilidade do pesquisador contempla a seguinte informacéo: "Asseguro, também,
ter explicado e fornecido uma COPIA deste documento ao participante.” (destaque nosso). Conforme a
Resolugdo CNS 466/2012, o participante deve receber uma via do documente firmado pelos envolvidos no
processo de consentimento. Solicita-se adequacdo.

Conclusdes ou Pendéncias e Lista de Inadequagodes:
Lista de pendéncias e inadequacdes ndo resolvidas emitidas no parecer CEP N°1.044.523:

1-Esclarecer se o critério de exclusdo "doenca respiratéria” sera baseado em histdrico clinico ou dependera
do screening (por exemplo, da espirometria). Esclarecer a sequéncia de procedimentos, pois o screening sa
pode ser iniciado apos a aplicacdo e a assinatura do TCLE. Resposta (1)."Serdo excluidos do estudo os
sujeitos que apresentarem histarico de doencgas respiratdrias que possam comprometer o desempenho nas
avaliagbes da funcdo pulmonar, como asma. A presenca de asma sera baseada no histérico clinico e
também serdo considerados asmaticos os individuos que apresentarem espirometria com resposta superior
a 7% do valor predito para o individuo ou 200 mililitros (mL) do valor absoluto para o VEF 1.Individuos
tabagistas também serdo excluidos do estudo.”

Analise (1):Como descrito acima na pendéncia "o screening so pode ser iniciado apds a aplicacdo e a
assinatura do TCLE". O TCLE ndo contempla a informacgdo de que serdo excluidos do estudo os sujeitos
que apresentarem espirometria com resposta superior a 7% do valor predito para o
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individuo ou 200 mililitros (mL) do valor absoluto para o VEF1. Solicitamos adequacdes.O TCLE deve ser
aplicado na fase de recrutamento, antes de qualquer procedimento da pesquisa, antes do inicio do
screening. Procedimentos de screening, como espirometria, ja fazem parte da pesquisa, mesmo que
excluam o parlicipante.PENDENClA PARCIALMENTE ATEMNDIDA.

Resposta (2):"Serdo excluidos do estudo individuos com doencas respiratdrias, como asma. A presenca de
asma sera baseada no histarico clinico e também serdo considerados asmaticos os individuos que
apresentarem espirometria com resposta superior a 7% do valor predito para o individuo ou 200 mililitros
(mL) do valor absoluto para o VEF1. Individuos tabagistas também serdo excluidos do estudo. O
participante que faltar a consulta de rofina do ambulatdrio sera automaticamente excluido do estudo.”
Analise (2):0s critérios de exclusdo que consta nas informagdes basicas do projeto sdo diferentes das que
estdo no projeto detalhado. Solicitamos que as informagdes sejam uniformizadas e que em ambos
documentes contemplem no item critérios de inclusdo a faixa etaria dos participantes da pesquisa.
PENDENCIA PARCIALMENTE ATENDIDA

Resposta (3).Foram realizadas as adequacdes solicitadas.

Analise {S)ZPENDENCIA ATENDIDA.

2- Fazer a avaliacdo de riscos para todos os participante, inclusive os controles.

Resposta (1):VIDE PENDENCIA 7

Analise (1 )ZPENDENCIA PARCIALMENTE ATENDIDA.

Resposta (2)"Para este experimento serd necessaria a pungdo venosa do menor. Com este procedimento
pode haver o risco de hematoma local e inflamacdo local, denominada flebite. Este procedimento pode
causar desconforto. Além disso, pode haver constrangimento do participante na avaliagdo do
desenvolvimento puberal, pois o participante devera ficar desnudo para a avaliacdo do médico habilitado. A
avaliacdo da composicdo corporal por meio do DEXA & um método indoler, semelhante ao raio-x, que utiliza
baixas doses de radiagdo. Ja a avaliagdo da funcdo pulmonar ndo acarreia nenhum risco a saude, apenas o
uso do broncodilatador pode gerar taquicardia no voluntario. Vale ressaltar que os procedimentos serdao
realizados por profissionais habilitados para a fungdo e respeitando os aspectos éticos da profissdo. Sua
sera mantida em sigilo absoluto. Todavia vale ressaltar que os procedimentos serdo realizados por
profissionais habilitados para a funcdo e respeitando os aspectos éticos da profissdo. A identidade do menor
sera mantida em sigilo absoluto."

Andlise (2):Deixar claro que para o grupo controle ndo havera o risco de taquicardia, uma vez gue
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este grupo ndo fara uso de broncodilatodores. Como a avaliacdo da funcdo pulmonar ndo acarreta risco a
salide se o uso de broncodilatadores pode gerar taquicardia? Adequar esta informacio. PENDENCIA NAO
ATENDIDA

Resposta (3):"Riscos:Para este experimento sera necessaria a pungae venosa do menor. Com este
procedimento pode haver o risco de hematoma local e inflamacdo local, denominada flebite. Este
procedimento pode causar desconforto. Além disso,pode haver constrangimento do participante na
avaliagdo do desenvolvimento puberal, pois o participante devera ficar desnudo para a avaliagdo do médico
habilitado. A avaliagdo da composigdo corporal por meio do DEXA é um método indolor, semelhante ao raio-
¥, que utiliza baixas doses de radia¢do. Ja a avaliacdo da funcdo pulmonar ndo acarreta nenhum risco a
salude. Apenas entre 0s obesos 0s guais utilizardo uma medicacdo, chamada broncodilatador, antes de
repetir a avaliagdo da funcdo pulmonar pode haver taquicardia no voluntario, consequente ao uso do
medicamento. Vale ressaltar que os procedimentos serdo realizados por profissionais habilitados para a
fun¢do e respeitando os aspectos élicos da profissdo. Sua sera mantida em sigilo absoluto”.

Andlise {SJZPENDENCIA ATENDIDA.

5-Elaborar critérios de inclusdo e exclusdo para o grupo confrole também.

Resposta (1): "No grupo controle serdo incluidos sujeitos que se enquadrem no percentil maior que 10 e
menor do que 85, segundo os critérios da OMS."

Analise (1):Nao foi localizada a informac&o dos critérios de exclusdo especifica para o grupo controle. A
informacg o sobre critérios de exclusdo sdo para todos os grupos "Serao excluidos do estudo os sujeitos que
apresentarem histdrico de doencas respiratorias que possam comprometer o desempenho nas avaliagdes
da fun¢gdo pulmonar, como asma. A presenca de asma sera baseada no histdrico clinico e também serdo
considerados asmaticos os individuos que apresentarem espirometria com resposta superior a 7% do valor
predito para o individuo ou 200 mililitros (mL) do valor absoluto para o VEF1. Individuos tabagistas tambem
sero excluidos do estudo” ? Esta informaco néo ficou clara PENDENCIA PARCIALMENTE ATENDIDA
Resposta (2):0 projeto detalhado contemplam as seguintes informagdes:"Em ambos 05 grupos, serao
excluidos do estudo os sujeitos que apresentarem histérico de doencas respiratdrias que possam
comprometer o desempenho nas avaliagdes da fungdo pulmonar, como asma. A presenca de asma sera
baseada no historico clinico e também serdo considerados asmaticos os individuos que apresentarem
espirometria com resposta superior a 7% do valor predito para o individuo ou 200 mililitros (mL) do valor
absoluto para o VEF1. Individuos tabagistas também serdo excluidos
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do estudo.”

Andlise (2):0s critérios de exclusdo que consta nas informagtes basicas do projeto sado diferentes das que
estdo no projeto detalhado. Solicitamos que as informagdes sejam uniformizadas e que em ambos
documentos contemplem no item critérios de inclusdo a faixa etaria dos participantes da pesquisa.
PENDENCIA PARCIALMENTE ATENDIDA

Resposta (3):Foram realizadas as adequaces solicitadas.

Andlise (3): PENDENCIA ATENDIDA.

Pendéncias no TCLEs:

6- Descrever na avaliacdo de riscos, todos os procedimentos aos quais os participantes serdo submetidos e
todos possiveis riscos, desconforios e constrangimentos possivelmente associados.

Resposta (1)"Fui informado (a) que para este experimento sera necessaria a pun¢do venosa e que com
este procedimento pode haver o risco de hematoma local e inflamacao local, denominada flebite. Este
procedimento pode causar desconforto. Além disso, pode haver constrangimento do participante na
avaliacdo do desenvolvimento puberal, pois o participante devera ficar desnudo para a avaliacdo do médico
habilitado. Todavia vale ressaltar que os procedimentos serdo realizados por profissionais habilitados para a
funcdo e respeitando os aspectos éticos da profissdo. Sua identidade sera mantida em sigilo absoluto "
Analise (1):Devem ser considerados na avaliacdo de riscos e beneficios a todos os pariicipantes da
pesquisa, inclusive os controles e independente da idade. Além dos riscos, 05 possiveis desconfortos e
constrangimentos devem ser descritos no TCLE, de modo que o voluntario 56 assine o termo estando
completamente esclarecido sobre todos os procedimentos aos quais sera submetido. A necessidade de
cooperacao e comprometimento de tempo com procedimentos como a espirometria devem ser claramente
descritos. Todos os procedimentos aos quais 0s participantes serdo submetidos durante a pesquisa devem
estar descritos e claros no TCLE. VIDE PENDENCIA 7 - PENDENCIA PARCIALMENTE ATENDIDA.
Resposta (2):"Para este experimento sera necessaria a pun¢do venosa. Com este procedimento pode haver
o risco de hematoma local e inflamacgdo local, denominada flebite. Este procedimento pode causar
desconforto. Além disso, pode haver constrangimento do participante na avaliacdo do desenvolvimento
puberal, pois o participante devera ficar desnudo para a avaliacdo do médico habilitado. A avaliacdo da
composi¢do corporal por meio do DEXA é um método indolor, semelhante ao raio-x, que utiliza baixas doses
de radiacdo. Ja a avaliacdo da fungdo pulmonar ndo acarreta nenhum risco a sadde, apenas o uso do
broncodilatador pode gerar taquicardia no
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voluntario. Vale ressaltar que os procedimentos serdo realizados por profissionais habilitados para a funcéo
e respeitando os aspectos éticos da profissdo. Sua sera mantida em sigilo absoluto”.

Analise (2):Deixar claro no TCLE que para o grupo confrole ndo havera o risco de taquicardia, uma vez gue
este grupo ndo fara use de broncodilatodores. Como a avaliagdo da fungdo pulmonar ndo acarreta risco a
salde se o uso de broncodilatadores pode gerar taquicardia? Adequar esta informacdo Em relacdo aos
beneficios, deixar claro no TCLE que o grupo controle ndo tera beneficios diretos ao participar da pesquisa.
PENDENCIA NAO ATENDIDA.

Resposta (3):0s TCLEs contemplam as seguintes informacdes:"Ja a avaliacdo da funcdo pulmonar ndo
acarreta nenhum risco a saldde. Apenas entre os obesos 0s quais utilizardo uma medicagdo, chamada
broncodilatador, antes de repetir a avaliacdo da funcdo pulmonar pode haver taquicardia ne voluntario,
consequente ao uso do medicamento. Vale ressaltar que os procedimentos serdo realizados por
profissionais habilitados para a func&o e respeitando os aspectos éticos da profissdo. Sua sera mantida em
sigilo absoluto.

Todavia vale ressaltar que os procedimentos serao realizados por profissionais habilitados para a fungdo e
respeitando os aspectos éticos da profissdo. A identidade do menor sera mantida em sigilo absoluto.”
Andlise (3)PENDENCIA ATENDIDA.

7.8-Esclarecer, no TCLE, que o participante da pesquisa tera acesso aos resultados dos exames realizados
durante o estudo e esclarecer se o participante que faltar & consulta agendada durante o transcorrer da
pesquisa sera ou ndo eliminado da pesquisa. Resposta (1)"Além disso, o participante tera acesso a todos
05 exames realizados". Os TCLES ndo esclarecem se o participante que faltar & consulta agendada durante
o transcorrer da pesquisa sera ou ndo eliminado da pesquisa." Analise (1):PENDENCIA PARCIALMENTE
ATENDIDA.

Resposta (2):Foi adicionada a seguinte informacgdo:"O participante que faltar a consulta de rotina do
ambulatdrio serd automaticamente excluido do estudo.”

Andlise (2):PENDENCIA ATENDIDA.

7.10-Lembramos que, se o TCLE tiver mais de uma pagina, o sujeito de pesquisa ou seu representante,
quando for o caso, e o pesquisador responsavel deverdo rubricar todas as folhas desse documento, apondo
suas assinaturas na dltima pagina do referido termo (Carta Circular n®. 003/2011/CONEP/CNS; resolugdo
466/2012 CNS/MS, artigo IV 5 letra d). Resposta (1):Ndo foi localizados os locais para rubrica conforme a
estrutura basica apresentada na pagina do comité de
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Etica da UNICAMP httpz//www_prp.unicamp.brffiles/3_estrutura_basica_tcle- _versao_marco_2014 docx
Andlise (1):PENDENCIA NAO ATENDIDA.

Resposta (2).Foi colocado local para a rubrica do participante e do pesquisador.

Andlise (2):PENDENCIA ATENDIDA.

7.11-O TCLE dever contemplar o item "Responsabilidade do Pesquisador". Consultar a estrutura basica
apresentada na pagina do comité de ética da Unicamp
hitp:/fwww.prp.unicamp.brifiles/3_estrutura_basica_tcle-_versao_marco_2014.docx PENDENCIAS
MANTIDAS.

Resposta (1):A informac&o foi inserida , mas a pesquisadora devera retirar a frase "e pela CONEP, quando
pertinente”.

Andlise (1):PENDENCIA PARCIALMENTE ATENDIDA.

Resposta (2):As adequacdes foram realizadas.

Andlise (2):PENDENCIA ATENDIDA COM RECOENDACOES.

1 2 - 0Orgcamento apresentado nas informacgdes basicas do projeto
(PB_INFORMACOES_BASICAS DO _PROJETQ_ 266612 pdf 06/04/2015 14:34:58) contempla recurso
proprios no valor de R$ 64.123,00. Devido ao alto valor, solicitamos esclarecimentos em relacéo a
informacao sobre o apoio financeiro contemplar "financiamento proprio”, uma vez que este protocolo se
refere a tese de doutorado da pesquisadora responsavel e demanda um alto valor que sera financiada pela
propria pesquisadora. Resposta (1).0 orgcamento foi alterado para R$ 181,56. Analise (1):A pesquisadora
ndo esclareceu a alteracdo do orcamento. Solicitamos, conforme descrito no final do parecer anterior, que
as adequacdes e recomendacdes citadas devem ser respondidas em carta ao CEP e anexada a plataforma
Brasil. Vide final deste parecer. PENDENCIA NAO ATENDIDA.

Resposta (2):Segundo o documento anexado "Carta ao CEP.pdf07/05/2015 18:29:58" "Informamos que as
alteragdes realizadas no orcamento do projeto se deram devido ao fato de optarmos pela utilizagdo dos
equipamentos j& encontrados nos laboratorios de Fisiologia Pulmonar e no Laboratdrio de Pesquisa
Translacional em Saude da Crianga e do Adolescente, ambos pertencentes ao Centro de Investigacdo em
Pediatria da Universidade Estadual de Campinas”.

Analise (2):PENDENCIA ATENDIDA.

13-Elaborar um TCLE para o grupo controle deixando claro os beneficios e riscos em participar da
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pesquisa. Deve descrever os beneficios esperados para este grupo. Seja claro, simples e direto. Evite
exagerar beneficios e vantagens potenciais. N3o tente “convencer” o potencial sujeito da pesquisa. O que
se espera € o esclarecimento, ndo o “convencimento”. Ndo cite como beneficios os possiveis resultados da
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pesquisa (que pedem ndo vir a ocorrer) nem tratamentos que independem da participaco na pesquisa.

Lembramos que a Unica maneira de amenizar o fato do participante ndo ter beneficios diretos com o estudo
& informar diretamente e adequadamente isto a ele e relatando os beneficios indiretos, para que possa
decidir liviemente se participara ou ndo. Resposta (1):Foi anexado um unico TCLE contemplando os dois
grupos. Andlise (1):Foram descritos os procedimentos do grupo controle, mas néo ficou claro no item

beneficios, que os participantes do grupo controle ndo terdo beneficios diretos em participar da pesquisa.

PENDENCIA PARCIALMENTE ATENDIDA.

Resposta (2):Foram descritos esclarecimentos em relacdo aos itens riscos e beneficios direcionados ao
grupo controle.

Andlise {2):PENDENCIA ATENDIDA.

14.Anexar o regulamento do biorrepositorio. Caso ndo seja necessario, justifique, pois ndo ficou claro se
amostra sera armazenada pela pesquisadora ou serd analisada na rotina do hospital. Resposta (1):N3o foi
anexado o regulamento do biorrepositorio para armazenamento do material biologico durante o periodo da
pesquisa. Andlise (1):Solicitar junto ao CEP um modelo do regulamento do birrepositorio. PENDENCIA NAO
ATENDIDA.

Resposta (2):"Serdo coletados 10 mL de soro de cada participante. A amostra sera enviada para analise na
Divisdo de Patologia Clinica do Haospital de Clinicas da Unicamp”. Consta no TCLE a informacdo de que a
amostra ndo sera armazenada.

Analise (2):PENDENCIA ATENDIDA.

CONCLUSAQ: Projeto aprovado com a recomendaco de substituir nos TCLEs a palavra "copia” por "via".

Situagdo do Parecer:
Aprovado

Necessita Apreciagdo da CONEFP:
Nao
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Consideragdes Finais a critério do CEP:
- O sujeito de pesquisa deve receber uma via do Termo de Consentimento Livre e Esclarecido, na integra,
por ele assinado.

- O sujeito da pesquisa tem a liberdade de recusar-se a participar ou de refirar seu consentimento em
qualguer fase da pesquisa, sem penalizacdo alguma e sem prejuizo ao seu cuidado.

- O pesquisador deve desenvolver a pesquisa conforme delineada no protocolo aprovado. Se o pesquisador
considerar a descontinuacdo do estudo, esta deve ser justificada e somente ser realizada apos analise das
raztes da descontinuidade pelo CEP que o aprovou. O pesquisador deve aguardar o parecer do CEP
quanto & descontinuacdo, exceto quando perceber risco ou dano ndo previsto ao sujeito participante ou
guando constatar a superioridade de uma estratégia diagnostica ou terapéutica oferecida a um dos grupos
da pesquisa, isto &, somente em caso de necessidade de acdo imediata com intuito de proteger os
participantes.

- O CEP deve ser informado de todos os efeitos adversos ou fatos relevantes que alterem o curso normal do
estudo. E papel do pesquisador assegurar medidas imediatas adequadas frente a evento adverso grave
ocorrido (mesmo que tenha sido em outro centro) e enviar notificac&o ao CEP e a Agéncia Nacional de
Vigilancia Sanitaria — ANVISA — junto com seu posicionamento.

- Eventuais modificagfes ou emendas ao protocolo devem ser apresentadas ao CEP de forma clara e
sucinta, identificando a parte do protocolo a ser modificada e suas justificativas. Em caso de projetos do
Grupo | ou Il apresentados anteriormente a ANVISA, o pesquisador ou patrocinador deve envia-las tambem
a mesma, junto com o parecer aprovatdrio do CEP, para serem juntadas ao protocolo inicial.

- Relatorios parciais e final devem ser apresentados ao CEP, inicialmente seis meses apos a data deste
parecer de aprovacdo e ao término do estudo.
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CAMPINAS, 19 de Maio de 2015

Assinado por:
Renata Maria dos Santos Celeghini

(Coordenador)
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Anexo 2: Critério de Tanner para avaliacdo do desenvolvimento puberal.
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Anexo 3: Versdo em portugués do questionario ISAAC para individuos de 06 a 07

anos.
Questionario ISAAC — 06 a 07 anos
Data da avaliagéo: / / Data de nascimento: / /
Nome:
Sexo: () Masculino ( ) Feminino

Questionario 1

1-) Alguma vez na vida seu filho(a) teve sibilos (chiado no peito)?

() Sim (2) () Nao (0)

Se vocé respondeu ndo, passe para a questao numero 06.

2-) Nos ultimos 12 meses, seu filho(a) teve sibilo (chiado no peito)?

() Sim (2) () Nao (0)

3-) Nos ultimos 12 meses, quantas crises de sibilos (chiado no peito) seu filho(a) teve?
() Nenhuma crise (0)

( )1a3crises (1)

( )4 al2crises (2)

() Mais de 12 crises (2)

4-) Nos ultimos 12 meses, com que frequéncia seu filho(a) teve seu sono perturbado por
chiado no peito?

(' ) Nunca acordou por chiado (0)
() Menos de 1 noite por semana (1)
() Uma ou mais noites por semana (2)

5-) Nos ultimos 12 meses, o chiado do seu filho(a) foi tdo forte a ponto de impedir que vocé /
ele(a) conseguisse dizer mais de 2 palavras entre cada respiracao?

( ) Sim (2) () Néo (0)

6-) Alguma vez na vida seu filho(a) teve asma?

( ) Sim (2) () Néo (0)

7-) Nos ultimos 12 meses, seu filho(a) teve chiado no peito apds exercicios fisicos?
( ) Sim (2) () Néo (0)

8-) Nos ultimos 12 meses, seu filho(a) teve tosse seca a noite, sem estar gripado ou com
infeccdo respiratéria?
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() Sim(2) () Néo (0)

Questionario 2

Todas as perguntas sao sobre problemas que ocorreram quando seu filho(a) néo estava
gripado ou resfriado.

1-) Alguma vez na vida seu filho(a) teve problema com espirros ou coriza (corrimento nasal),
guando néo estava gripado ou resfriado?

( )Sim ( ) Nao
Se a resposta foi ndo, passe para a questao numero 06

2-) Nos dultimos 12 meses, seu filho(a) teve algum problema com espirros ou coriza
(corrimento nasal) ou obstrucéo nasal, quando ndo estava gripado ou resfriado?

() Sim ( ) Néo

3-) Nos ultimos 12 meses esse problema nasal foi acompanhado de lacrimejamento ou
coceira nos olhos?

( )Sim ( ) Nao

4-) Em qual dos ultimos 12 meses esse problema nasal ocorreu? (Por favor, marque em qual
OuU quais meses isso ocorreu)

() Janeiro () Fevereiro () Marco () Abril () Maio () Junho ()
Julho

() Agosto () Setembro () Outubro () Novembro () Dezembro

5-) Nos ultimos 12 meses, quantas vezes as atividades diarias do seu filho(a) foram
atrapalhadas por esse problema nasal?

( ) Nada () Um pouco () Moderado () Muito
6-) Alguma vez na vida seu filho(a) teve rinite?

( ) Sim () Néo
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Anexo 4: Versdo em portugués do questionario ISAAC para individuos de 13 a 14

anos.
Questionario ISAAC — 13 a 14 anos
Data da avaliagéo: / / Data de nascimento: / /
Nome:
Sexo: () Masculino ( ) Feminino

Questionario 1

1-) Alguma vez na vida vocé teve sibilos (chiado no peito)?

() Sim (2) () Nao (0)

Se vocé respondeu ndo, passe para a questao numero 06.

2-) Nos ultimos 12 meses, vocé teve sibilo (chiado no peito)?

() Sim (2) () Nao (0)

3-) Nos ultimos 12 meses, quantas crises de sibilos (chiado no peito) vocé teve?
() Nenhuma crise (0)

( )1a3crises (1)

( )4 al2crises (2)

() Mais de 12 crises (2)

4-) Nos ultimos 12 meses, com gue frequéncia vocé teve seu sono perturbado por chiado no
peito?

(' ) Nunca acordou por chiado (0)
() Menos de 1 noite por semana (1)
() Uma ou mais noites por semana (2)

5-) Nos ultimos 12 meses, seu chiado foi tdo forte a ponto de impedir que vocé conseguisse
dizer mais de 2 palavras entre cada respiracdo?

( ) Sim (2) () Néo (0)

6-) Alguma vez na vida vocé teve asma?

( ) Sim (2) () Néo (0)

7-) Nos ultimos 12 meses, vocé teve chiado no peito apds exercicios fisicos?
( ) Sim (2) () Néo (0)

8-) Nos ultimos 12 meses, vocé teve tosse seca a noite, sem estar gripado ou com infeccao
respiratoria?
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() Sim(2) () Néo (0)

Questionario 2

Todas as perguntas sdo sobre problemas que ocorreram quando vocé néo estava gripado ou
resfriado.

1-) Alguma vez na vida vocé teve problema com espirros ou coriza (corrimento nasal), guando
nao estava gripado ou resfriado?

( )Sim ( ) Nao
Se a resposta foi ndo, passe para a questao niamero 06

2-) Nos ultimos 12 meses, vocé teve algum problema com espirros ou coriza (corrimento
nasal) ou obstrucédo nasal, quando néo estava gripado ou resfriado?

() Sim ( ) Néo

3-) Nos ultimos 12 meses esse problema nasal foi acompanhado de lacrimejamento ou
coceira nos olhos?

( )Sim ( ) Nao

4-) Em qual dos ultimos 12 meses esse problema nasal ocorreu? (Por favor, marque em qual
OuU quais meses isso ocorreu)

() Janeiro () Fevereiro () Marco () Abril () Maio () Junho ()
Julho

() Agosto () Setembro () Outubro () Novembro ( ) Dezembro

5-) Nos ultimos 12 meses, quantas vezes suas atividades diarias foram atrapalhadas por esse
problema nasal?

( ) Nada () Um pouco () Moderado () Muito
6-) Alguma vez na vida vocé teve rinite?

() Sim ( ) Néo
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Anexo 5: Versdo em portugués do questionario internacional de atividade fisica

(IPAQ).

[
QUESTIONARIO INTERNACIONAL DE ATIVIDADE FisSICA -
VERSAO CURTA -
Nome:
Data: / / Idade : Sexo:F( )M ()

MNés estamos interessados em saber gue tipos de atividade fisica as pessoas
fazem como parte do seu dia a dia. Este projeto faz parte de um grande estudo
que esta sendo feito em diferentes paises ao redor do mundo. Suas respostas nos
ajudaréo a entender que tdo ativos nos somos em relacio a pessoas de outros
paises. As perguntas estdo relacionadas ao tempo que vocé gasta fazendo
atividade fisica na ULTIMA semana. As perguntas incluem as atividades que vocé
faz no trabalho, para ir de um lugar a outro, por lazer, por esporte, por exercicio ou
como parte das suas atividades em casa ou no jardim. Suas respostas sdo MUITO
importantes. Por favor responda cada questdo mesmo que considere que néo seja
ativo. Obrigado pela sua participacéo |

Para responder as questées lembre que:

» atividades fisicas VIGOROSAS sdo aguelas que precisam de um grande
esforco fisico e que fazem respirar MUITO mais forte que o normal

» atividades fisicas MODERADAS s&o aquelas que precisam de algum esforco
fisico e que fazem respirar UM POUCO mais forte que o normal

Para responder as perguntas pense somente nas atividades que vocé realiza por
pelo menos 10 minutos continuos de cada vez.

1a Em quantos dias da dlima semana vocé CAMINHOU por pelo menos 10
minutos continuos em casa ou no trabalho, como forma de transporie para ir de um
lugar para outro, por lazer, por prazer ou como forma de exercicio?

dias por SEMANA { } Nenhum

1b Nos dias em que vocé caminhou por pelo menos 10 minutos continuos quanto
tempo no total vocé gastou caminhando por dia?

horas: Minutos:

2a. Em quantos dias da ultima semana, vocé realizou atividades MODERADAS por
pelo menos 10 minutos continuos, como por exemplo pedalar leve na bicicleta,
nadar, dancar, fazer ginastica aerébica leve, jogar volei recreativo, carregar pesos
leves, fazer servicos domeésficos na casa, no quintal ou no jardim como varrer,
aspirar, cuidar do jardim, ou qualquer atividade que fez aumentar

_ CENTRO COORDEMADOR DO IPAQ NO BRASIL- CELAFISCS -
INFORMACOES AMALISE, CLASSIFICACAD E COMPARACAO DE RESULTADOS NO BRASIL
Tel-Fax: — 011-42298980 ou 42299643, E-mail: celafiscs@celafiscs.com.br
Home Page: www.celafiscs.com.br IPAQ Internacional: www.ipaq.ki.se




moderadamente sua respiracdo ou batimentos do coracdo (POR FAVOR NAO
INCLUA CAMINHADA)

dias por SEMANA { ) Nenhum
2b. Nos dias em que vocé fez essas atividades moderadas por pelo menos 10

minutos continuos, quanto tempo no total vocé gastou fazendo essas atividades
por dia?

horas: Minutos:

Ja Em quantos dias da ultima semana, vocé realizou atividades VIGOROSAS por
pelo menos 10 minutos continuos, como por exemplo correr, fazer ginastica
aerdbica, jogar futebol, pedalar rapido na bicicleta, jogar basquete, fazer servicos
domésticos pesados em casa, no quintal ou cavoucar no jardim, carregar pesos
elevados ou qualquer atividade que fez aumentar MUITO sua respiracdo ou
batimentos do coracéo.

dias por SEMANA { )} Nenhum

3b Nos dias em que vocé fez essas atividades vigorosas por pelo menos 10
minutos continuos quanto tempo no total vocé gastou fazendo essas atividades

por dia?

horas: Minutos:

Estas dltimas questées séo sobre o tempo que vocé permanece sentado todo dia,
no trabalho, na escola ou faculdade, em casa e durante seu tempo livre. Isto inclui
o tempo sentado estudando, sentado enquanto descansa, fazendo licdo de casa
visitando um amigo, lendo, sentado ou deitado assistindo TV. Né&o inclua o tempo
gasto sentando durante o transporte em dnibus, trem, metrd ou carro.

4a. CQuanto tempo no total vocé gasta sentado durante um dia de semana?
horas __ minutos
4b. Cluanto tempo no total vocé gasta sentado durante em um dia de final de
semana?
horas __ minutos

PERGUNTA SOMENTE PARA O ESTADO DE SAO PAULO

5. Vocé ja ouviu falar do Programa Agita S&o Paulo?

( )Sim{ }Né&o
6.. Vocé sabe o objetivo do Programa? { ) Sim () Néo

. CENTRO COORDENADOR DO IPAQ NO BRASIL- CELAFISCS -
INFORMAGOES ANALISE, CLASSIFICACAOQ E COMPARACAD DE RESULTADOS NO BRASIL
Tel-Fax: — 011-42298980 ou 42299643. E-mail: celafiscs@celafiscs.com.br
Home Page: www.celafiscs.com.br IPAQ Internacional: www.ipaq.ki.se
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