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a pobreza, proteger o meio ambiente e o clima, e garantir que todas as pessoas possam desfrutar
de paz e prosperidade. Em alinhamento com essa agenda global, esta tese contribui para o
avanco do Objetivo 3: Satide e Bem-Estar. Esse objetivo busca assegurar uma vida saudavel
e promover o bem-estar para todos, em todas as idades.

O foco desta pesquisa esta direcionado a populagdo pediatrica, com énfase especifica
em adolescentes engajados na pratica esportiva, visando compreender aspectos relacionados a

saude, ao crescimento e ao desenvolvimento desse grupo.
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the environment and climate, and ensure that all people can enjoy peace and prosperity. In
alignment with this global agenda, this thesis contributes valuable insights toward the
advancement of Goal 3: Good Health and Well-Being. This goal seeks to ensure healthy lives
and promote well-being for all, at every stage of life.

The focus of this research is on adolescents, a key target population, who engage in
sports as a means of promoting physical integrity. The study emphasizes the importance of
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development.
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Viver é muito perigoso...porque ainda ndo se sabe. Porque aprender a viver é

que é o viver, mesmo.
O correr da vida embrulha tudo. A vida é assim: esquenta e esfria, aperta e dai

afrouxa, sossega e depois desinquieta. O que ela quer da gente é coragem.

(Guimaraes Rosa, Grande Sertdo: veredas, 1956)
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RESUMO

Impacto do exercicio de intensidade vigorosa sobre parametros metaboélicos e
inflamatorios de adolescentes: ABCD — Growth Study

As doengas cardiovasculares DCV sdo a principal causa de morbidade e mortalidade no mundo.
Obesidade, dislipidemias, resisténcia a insulina e hipertensao arterial sdo alguns dos fatores de
risco associados ao desenvolvimento das DCV ao longo da vida que podem ser identificados ja
durante a infancia e adolescéncia. Entre os fatores de risco modificéveis para as DCV a pratica
regular de atividade fisica ¢ uma das mais importantes. O uso do treinamento de alta
intensidade, recentemente, tem sido explorado como uma importante estratégia para desfechos
de saude. Apesar de ser algo hd muito tempo presente no esporte como ferramenta para
melhorar performance, pouco se sabe do impacto da pratica esportiva realizada em intensidade
vigorosa em parametros metabodlicos e de inflamacdo de adolescentes. Esta tese de doutorado
se propds a: i) analisar a relagdo da pratica esportiva com pardmetros metabolicos e
inflamatorios entre adolescentes, ii) explorar a relagdo do tempo de engajamento em atividades
esportivas vigorosas com modificagdes no perfil lipidico de adolescentes, iii) comparar a
resposta imune sistémica e celular entre adolescentes praticantes e ndo praticantes de esporte e
iv) investigar a relagdo entre as varidveis de treinamento (volume e intensidade) e
biomarcadores inflamatorios. Fizeram parte da amostra adolescentes de ambos os sexos, entre
11 e 18 anos. No grupo esporte, os participantes precisavam ter engajamento na sua respectiva
modalidade esportiva de pelo menos 12 meses e participar de competi¢cdes, no minimo, em nivel
estadual. O grupo controle ndo podia estar engajado em nenhum tipo de atividade fisica regular
héa pelo menos um ano. Foram realizadas coletas de sangue para avaliagdo do perfil lipidico e
parametros inflamatorios, bem como medidas de composicao corporal, no inicio do seguimento
e ao final de um ano. As variaveis de treinamento (volume e intensidade) foram monitoradas
com uso de sensor de frequéncia cardiaca. Entre os meninos, a Atividade Fisica de intensidade
Vigorosa mostrou-se inversamente associada a modificagdes nos lipidios, j& entre as meninas,
a massa muscular foi mais importante nas modificacdes no perfil lipidico. Em andlise
transversal, a producdo da citocina pro-inflamatéria TNF-a nas células mononucleares do
sangue periférico estimulada com LPS foi menor entre o grupo de nadadores e apresentou
correlacdo inversa com o volume de treino e massa muscular. Conclui-se que o engajamento
esportivo além de contribuir com uma composi¢do corporal mais saudavel entre os
adolescentes, variaveis de treinamento esportivo como volume e intensidade também
influenciam o controle lipidico e a inflamagao cronica de baixo grau.

PALAVRAS-CHAVE: Pritica esportiva.  Dislipidemia. = Composi¢cdo  corporal.
Imunometabolismo.
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ABSTRACT

Impact of vigorous sports participation on metabolic and inflammatory parameters of
adolescents: ABCD - Growth Study

Cardiovascular diseases (CVD) are the leading cause of morbidity and mortality worldwide.
Obesity, dyslipidemia, insulin resistance, and arterial hypertension are risk factors associated
with lifespan development of CVD and can be identified early in life. Among the modifiable
risk factors for CVD, regular physical activity is one of the most important. The use of high-
intensity training has been explored nowadays, as an important strategy to enhance health.
Although this protocol of training has long been used in sports as a tool to improve performance,
the information regarding the impact of vigorous-intensity sports practice on metabolic and
inflammatory parameters in adolescents is scarce. This doctoral thesis aimed: i) to analyze the
relationship between sports practice and metabolic and inflammatory intervention among
adolescents; ii) to explore the relationship between the duration of engagement in vigorous
sports activities and changes in the lipid profile of adolescents; iii) to compare the systemic and
cellular immune response between adolescents who participate in sports and those who do not;
and iv) to investigate the relationship between training variables (volume and intensity) and
inflammatory biomarkers. The sample consisted of adolescents of both sexes, aged 11 to 18. In
the sports group, participants were expected to have been engaged in their respective sport for
at least 12 months and to participate in competitions at a minimum state level. The control group
could not have been engaged in any type of activity and had been engaged regularly for at least
one year. Blood samples were collected to assess the lipid profile and inflammatory
interruptions, as well as body composition measurements, at the beginning of the follow-up and
at the end of one year. Training variables (volume and intensity) were monitored using heart
rate sensors. Among boys, vigorous-intensity physical activity was inversely associated with
lipid changes, while among girls, muscle mass was more important for lipid profile changes. In
a cross-sectional analysis, the production of the pro-inflammatory cytokine TNF-a in peripheral
blood mononuclear cells stimulated with LPS was lower among the swimming group and
showed an inverse correlation with training volume and muscle mass. We conclude that, in
addition to contributing to healthier body composition among adolescents, sports training
volume and intensity variables also influence lipid control and low-grade chronic inflammation.

KEYWORDS: Sports practice. Dyslipidemia. Body composition. Immunometabolism.
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1 INTRODUCAO

As doengas cardiovasculares (DCV) sdo a principal causa de morbidade e mortalidade,
o que de acordo com a Organizacdio Mundial de Saude (OMS), correspondeu a
aproximadamente 19,8 milhdes de 6bitos em 2022, ou seja, cerca de QU61. Ademais, estima-
se que 75% das mortes relacionadas as DCV acontecem em paises de baixa e média renda,
como o Brasil (World Health Organization [WHO], 2025). Além de incidir nas taxas de
mortalidade, as DCV também comprometem a capacidade funcional, reduzem qualidade de
vida e elevam os custos com cuidados com saude (Pereira; Pereira, 2020). Segundo estudo feito
por Araujo et al. (2022), em 2015, os custos totais ao sistema de satde brasileiro relacionados
as DCV foram de cerca de R$37,1 bilhdes, dos quais 61% correspondem a mortalidade
prematura, 22% hospitaliza¢des e atendimentos ambulatoriais e 15% a perda de produtividade
(De Araujo et al., 2022).

Obesidade, dislipidemias, resisténcia a insulina e hipertensdo arterial sdo alguns dos
fatores de risco associados ao desenvolvimento das DCV ao longo da vida (Adhikary et al.,
2022; Atish et al., 2002; Krist et al., 2020a). Embora as manifesta¢cdes mais graves das DCV
sejam menos comuns antes da vida adulta (ex.: acidente vascular cerebral, doenca arterial
periférica e infarto agudo do miocardio), sinais iniciais como excesso de gordura corporal e
dislipidemias sdo exemplos de distirbios associados aos desenvolvimentos das DCV que
podem ser identificados ja durante a infancia e adolescéncia (Candelino; Tagi; Chiarelli, 2022;
Kartiosuo et al., 2024; McGill et al., 2000). Da mesma forma, criangas e adolescentes com baixa
aptiddo cardiorrespiratoria (VO.max) apresentam maior risco de desenvolver DCV na idade
adulta (Ortega et al., 2008; Ruiz et al., 2016), uma vez que ha tendéncia de manuten¢dao do
baixo VO-max ao longo da vida (Hayes et al., 2019; Janssen et al., 2016; Mintjens et al., 2018).
A detecgdo precoce dos fatores de risco cardiovascular e a promog¢ao de medidas preventivas
desde as primeiras décadas de vida podem contribuir para a redu¢do da incidéncia de morbidade
e mortalidade por DCV (Krist et al., 2020b; Scott et al., 2025).

Neste contexto, a dislipidemia merece destaque devido sua crescente ocorréncia entre
adolescentes. Entre criancas e adolescentes europeus (6 a 19 anos), a ocorréncia de dislipidemia
¢ aproximadamente 6,5%, podendo alcancar 28% entre aqueles jovens com sobrepeso /
obesidade (Nielsen et al., 2017). Entre adolescentes brasileiros (12 a 19 anos), as alteragdes
parecem marcadamente superiores as observadas no continente europeu, oscilando de 41% a
46,8% para Lipoproteina de alta densidade (HDL-C) baixo, de 20,1% a 29% para
hipercolesterolemia, de 7,8% a 35% para hipertrigliceridemia e de 3,5% a 25% para
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Lipoproteina de alta densidade (LDL-C) (Faria-Neto et al., 2016; Gomes; Zago; De Faria,
2020). Na populagdo pediatrica geral, a prevaléncia de dislipidemia varia entre 8% e 20%.
Contudo, ao se considerar criangas e adolescentes com sobrepeso e obesidade, tal prevaléncia
pode ser ainda maior, variando de 27% a mais de 40% (Brzezinski et al., 2020).

Contudo, ¢ importante ressaltar que entre os fatores de risco modificaveis para as DCV
a pratica regular de atividade fisica ¢ uma das mais importantes(Global Cardiovascular Risk
Consortium et al., 2023; Krist et al., 2020b; Lee et al., 2012). O exercicio fisico exerce
protagonismo tanto na preven¢do quanto no tratamento de condi¢cdes como a obesidade,
dislipidemia e hipertensdo arterial, além de contribuir para a melhora da aptidao
cardiorrespiratéria e composicdo corporal (Abrignani et al., 2019; Juonala et al., 2011;
Kartiosuo et al., 2024; Kazemi et al., 2022; Perry et al., 2023).

Segundo as recomendacdes da OMS, criancas e adolescentes devem praticar a0 menos
60 minutos de atividades fisicas didrias de intensidade moderada (caminhada para a escola e
jogos recreativos) ou vigorosa (corrida e jogos esportivos), somando, no minimo, 300 minutos
semanais (Michel; Bernier; Thompson, 2022). Porém, estudo epidemioldgico envolvendo 1,6
milhdo de adolescentes de diferentes regides do mundo, revelou que 77,6% dos meninos e
84,7% das meninas ndo cumpriram as diretrizes de atividade fisica (Guthold et al., 2020). No
Brasil, os valores sdo semelhantes, indicando que apenas 21,2% dos adolescentes cumprem as
diretrizes de atividade fisica, sendo estes os individuos com menor risco de desenvolver
complicacdes cardiometabodlicas (Guedes; Zuppa, 2022).

Diante de tal cendrio, o declinio nos indicadores de aptiddo fisica entre a populagdo
pediatrica atualmente ¢ também um fato esperado. Estudo conduzido na Inglaterra mostrou
piora significativa em valores de aptiddo cardiorrespiratdria de meninos e meninas entre os anos
de 1998 e 2008 (Sandercock et al., 2010). Corroborando tais achados, estudo de Nevill et al.
(2023) que avaliou mais de 65 mil escolares brasileiros entre 6 € 17 anos de idade entre 2005 e
2022, revelou declinio consistente nos indicadores de aptidao fisica dos participantes ao longo
do tempo (Nevill et al., 2023), evidenciando, portanto, que com o passar dos anos, criangas €
adolescentes estdo se tornando ainda mais vulneraveis ao desenvolvimento de fatores de risco
associado com as DCV.

Assim, torna-se fundamental a compreensdo do racional teérico que justifica a
importancia da atividade fisica entre os fatores de risco modificaveis no contexto das DCV. Os

disturbios metabolicos e o sedentarismo favorecem a elevagao cronica de marcadores
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inflamatorios que induzem um estado de ativagdo e exaustao permanente das células do sistema
imune, ou seja, a capacidade funcional destas células fica prejudicada podendo impactar a
também resposta aguda mediante ativacdo por patdgenos (Silva et al., 2023). Durante a
pandemia do Coronavirus 2019 (Covid-19), por exemplo, pessoas com obesidade, DCV e
diabetes tipo 2, foram consideradas do grupo de risco, pois estavam mais propensas a
desenvolver a forma grave da doenga e apresentavam maior risco de obito (Li et al., 2023) . O
exercicio fisico também ganhou relevancia neste contexto, sendo a aptiddo cardiorrespiratdria
considerada um fator preditivo relevante para a modulacdo das respostas inflamatorias, dado ao
potencial efeito anti-inflamatorio do exercicio fisico quando realizado de maneira cronica
(Figueiredo et al., 2022; Petersen; Pedersen, 2005; Scheffer; Latini, 2020).

Estudo realizado com dois grupos de adultos jovens, um sendo de participantes com
sobrepeso e obesidade e o outro com participantes eutroficos, demonstrou que as células
mononucleares do sangue periférico (PBMCs) do grupo de sobrepeso e obesidade, quando
estimuladas com lipopolissacarideo (LPS) liberaram concentragdes mais elevadas de fator de
necrose tumoral alfa (TNF-a) quando comparadas as células dos individuos com peso normal
(Olean-Oliveira et al., 2023), evidenciando que a obesidade, especialmente a obesidade
abdominal, estimula e mantém o estado de ativagdo das células imunes. Tal estimulo cronico,
consequente do ambiente inflamatorio e disfuncdo metabdlica, contribui para um perfil
inflamatorio mais acentuado, portanto, as células tornam-se menos responsivas a estratégias
anti-inflamatorias (Olean-Oliveira et al., 2023).

Os mecanismos pelos quais a obesidade influencia o desenvolvimento de tais desfechos
tém sido amplamente investigados. Por exemplo, o tecido adiposo localizado na regido
abdominal, quando em excesso e mantido por periodos prolongados, tende a manter um ciclo
vicioso de hipertrofia dos adipdcitos, o qual culmina em maior infiltragdo de células imunes,
favorecendo aumento na secre¢ao de adipocinas de carater pro-inflamatorios, direcionando para
instalacdo e o desenvolvimento da inflamagdo cronica de baixo grau (Kiernan; Maclver, 2021;
Ouchi et al., 2011).

As elevadas concentragdes de marcadores inflamatorios (TNF-a, interleucina-6 [1L-6],
proteina C-reativa [PCR], etc.) associam-se com o quadro de inflamacao sistémica e resisténcia
a acdo da insulina (Hotamisligil, 2017). Além disso, ja foi evidenciado na literatura a capacidade
de media¢dao do TNF-a em casos de apoptose e/ou lipdlise de adipocitos, assim como inibi¢ao

da adipogénese e lipogénese (Cawthorn; Sethi, 2015). E importante salientar que problemas de
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saude como o diabetes mellitus tipo 2, hipertensdo arterial, dislipidemias e DCV também se
caracterizam por alteragdes plasmaticas de mediadores inflamatorios com aumento nas
concentragdes de citocinas pro-inflamatorias, como o TNF-a, inibidor do ativador do
plasminogénio tipo 1 (PAI-1), PCR, IL-6 e a redugd@o de citocinas anti-inflamatorias, como a
interleucina 10 (IL-10) e a adiponectina (Pedersen, 2009, 2017; Pedersen; Brandt, 2010). Tais
alteragdes no perfil inflamatdrio, suscitam a hipotese de que a inflamacao sistémica pode atuar
no processo de regulagdo fisiopatoldgica de tais doengas (Ades et al., 2009; King, 2008;
Pedersen, 2017).

Em contrapartida, a transicdo da infancia para a adolescéncia ¢ um periodo critico do
desenvolvimento humano, cujas mudangas fisiologicas e comportamentais podem influenciar
de forma significativa os desfechos de satde ao longo da vida (Malina et al., 2025; Rogol;
Roemmich; Clark, 2002). Além das transformagdes fisicas promovidas pelos hormonais sexuais
durante a puberdade que afetam a composicao corporal contribuindo com o aumento da gordura
corporal nos anos que antecedem a puberdade e maior propensdo ao desenvolvimento de
resisténcia a insulina (McGill et al., 2000), ¢ também quando acontece o declinio progressivo
nos niveis de atividade fisica (Dumith et al., 2011; Hayes et al., 2019) . A estimativa é que a
cada ano, o nivel de atividade fisica entre os adolescentes seja cerca de 6%-7% menor (Cooper
etal., 2015). Por outro lado, adolescentes ativos tendem a permanecer mais ativos na vida adulta
(Bélanger et al., 2015; Garcia-Hermoso; [zquierdo; Ramirez-Vélez, 2022) .

Por isso, em termos de promogao da atividade fisica entre os adolescentes, a participagdo
esportiva deve ser priorizada, pois trata-se da principal forma de manifestacdo do exercicio
fisico durante a adolescéncia (Hulteen et al., 2017; Oja; Piksoot, 2022; The Lancet, 2020).
Mesmo a participagdo esportiva sendo a forma mais comum de atividade fisica entre os
adolescentes e compreender parte relevante da atividade fisica habitual de mais alta intensidade,
o impacto na saude dos adolescentes ¢ menos investigado na literatura do que em outros
dominios de atividade fisica (Grabitz et al., 2023). A maioria dos estudos que avaliam atividade
fisica habitual ndo considera a quantidade de atividade fisica de intensidade moderada a
vigorosa (MVPA) atribuida a pratica esportiva (Poitras et al., 2016), por outro lado, estudos que
contemplam a pratica esportiva sdo mais focados em investigar aspectos motores e desempenho
(Maneiro et al., 2022).

Porém, alguns estudos que tiveram como objetivo investigar a relagdo da pratica

esportiva com aspectos da saude metabolica, mostraram resultados promissores, entre eles, vale
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destacar: a pratica esportiva durante a infancia e adolescéncia estar associado ao menor
desenvolvimento de doencas cronicas na vida adulta (Fernandes; Zanesco, 2015), a pratica
esportiva contribuir com o perfil anti-inflamatério independentemente da adiposidade(Cayres
et al., 2019); melhorar parametros cardiovasculares e metabolicos de atividades com maior
demanda cardiorrespiratoria (Cayres-Santos et al., 2020); estar associado a um efeito protetor
aos componentes da sindrome metabodlica independente da gordura corporal (Menezes et al.,
2022); e contribuir favoravelmente com o perfil lipidico de adolescentes sem obesidade (Von
Ah Morano et al., 2023).

Apesar de tais achados decorrentes da pratica esportiva e saude metabolica na
adolescéncia, a literatura precisa avangar na questao do papel da intensidade da pratica esportiva
e efeito na saude dos adolescentes (D’ Ascenzi et al., 2019; Grabitz et al., 2023). Pois, enquanto
as diretrizes focam no construto “atividade fisica de intensidade moderada e vigorosa”, as
adaptacdes geradas pelo exercicio fisico tanto em parametros metabdlicos e inflamatdérios como
de desempenho, sdo dependentes de diversos fatores, sendo a intensidade do exercicio um dos
mais importantes para melhora do condicionamento cardiorrespiratorio e promogao da satde
(Antunes et al., 2019; Figueiredo et al., 2022; Gibala; Jones, 2013; Hay et al., 2012).

O exercicio fisico de intensidade moderada caracteriza-se pela predominancia da via
aerobia e utilizacdo de acidos graxos como principal substrato energético. Em contrapartida, o
exercicio fisico de alta intensidade tem predominancia da via anaerdbia e preferéncia pela
glicose como fonte de energia (Achten; Jeukendrup, 2004; Brooks; Mercier, 1994). No entanto,
cronicamente, ambas as intensidades de exercicio fisico sdo capazes de promover o aumento da
capacidade oxidativa do musculo esquelético, principalmente pela ativagdo da proteina quinase
ativada por AMP (AMPK), que induz maior expressao do coativador-1 alfa do receptor gama
ativado por proliferador de peroxissoma (PGC-1a) e, consequentemente favorece a biogénese
mitocondrial, resultando na maior densidade e eficiéncia das mitocondrias (Bishop et al., 2019;
Rius-Pérez et al., 2020). Essa melhor capacidade oxidativa do musculo esquelético decorrente
de sessoes regulares de exercicio contribui com a resposta anti-inflamatdria associada com a
pratica regular de exercicio fisico e com a modulagdo positiva do metabolismo de lipidios,
sendo por isso uma estratégia fundamental na prevengao e tratamento das dislipidemias e DCV

(Gibala; Little, 2020; Macinnis; Gibala, 2017).
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Neste contexto, diferentes estudos salientam em suas discussdes a relevancia da
intensidade do exercicio sobre seus achados, bem como, a importancia de atividades realizadas
no dominio vigoroso (alta intensidade) no intuito de impactar significativamente varidveis
metabolicas (Eddolls et al., 2017; Gibala; Little, 2020; Hay et al., 2012; Solera-Martinez et al.,
2021; Song; Lan, 2024). Assim, hé crescente demanda por informagdes acerca de modelos de
treinamento como o “treinamento intervalado de alta intensidade” (high intensity interval
training [HIIT]), o qual tem se difundido rapidamente em academias ao redor do mundo (e
também no Brasil) por ser “fime-efficient” (Gillen; Gibala, 2014) e por se acreditar que seja
capaz de melhorar composi¢do corporal, condicionamento cardiorrespiratorio, resisténcia a
insulina, dislipidemia e perfil inflamatorio, consumindo menos tempo de seus praticantes
(Garcia-Hermoso et al., 2016; Gibala; Jones, 2013).

Por outro lado, se a intensidade do exercicio fisico utilizada como ferramenta de
promocao de satide ¢ uma estratégia relativamente recente, no meio esportivo, métodos de
prescri¢ao que incluem uso da percepc¢do subjetiva de esforco como parametro de intensidade,
velocidade e poténcia aerdbica maxima, velocidade e poténcia anaerdbicas, fartlek e
treinamento intervalado de sprints realizados com esfor¢o méaximo (all out), sio comumente
utilizadas no meio esportivo com o objetivo de melhorar a performance esportiva (Sandford;
Laursen; Buchheit, 2021; Thron et al., 2025), pouco se sabe sobre o impacto na saude
(especificamente sobre pardmetros metabolicos e de inflamagdo) do tempo gasto durante a
pratica esportiva em dominio vigoroso (Song; Lan, 2024). Importante mencionar que no que
diz respeito aos atletas de elite, em que muitas vezes os adolescentes também estdo inclusos, a
investigacdo do sistema imune estd mais frequentemente relacionada as cargas de treinamento,
especialmente em relagdo ao risco de overtraining e ao possivel estdgio transitorio de
imunossupressao que pode acontecer em momentos de pico do treinamento esportivo (Gleeson,
1998; Morgado et al., 2012; Nieman, 1994, 1997; Pyne et al., 2000; Simpson et al., 2020).
Entretanto, o potencial papel das adapta¢des cronicas geradas pelo exercicio fisico em dominio
vigoroso na pratica esportiva sendo capaz de modular um perfil anti-inflamatério e, assim,
contribuir para a prevencdo do desenvolvimento das DCV, ndo foi ainda explorado na
populacao pediatrica.

Em um estudo de meta-analise, Solera- Martinez et al. (2021) rastrearam a literatura
cientifica disponivel acerca do impacto de exercicios fisicos realizados em intensidade vigorosa

sobre diferentes pardmetros de saude de adolescentes (aptidao cardiorrespiratéria, adiposidade,
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pressdo arterial e perfil lipidico) e identificaram a presenca de apenas onze ensaios clinicos
abordando a tematica entre criangas ¢ adolescentes. Tal estudo de meta-analise traz na
conclusdo de que o HIIT ¢ uma abordagem vidvel e eficiente em termos de tempo para melhorar
os niveis de condicionamento cardiorrespiratdrio, colesterol total, colesterol de lipoproteina de
baixa densidade e triglicerideos em criangas (Solera-Martinez et al., 2021). Ademais, os
protocolos empregados eram curtos (7 a 12 semanas) e restritos a atividades como ciclo-
ergdmetros e corridas de vai-e-vem, formatos que atendem especificamente as demandas para
execucao dos protocolos propostos e nao exploram aspectos da vida real dos adolescentes, como
acontece com o engajamento esportivo.

Portanto, compreender as adaptacdes geradas pela pratica esportiva realizada no mundo
real (pratica realizada em programas esportivos ¢ ndo mimetizadas em laboratorio) em
associacdo com a intensidade vigorosa influenciando desfechos de satide em relacdo a varidveis
metabolicas e de inflamacao ¢ fundamental para a promog¢ado e adocao de estratégias eficientes
que contribuam para a saide dos adolescentes na prevencao do risco do desenvolvimento das

DCV ao longo da vida.
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2 OBJETIVOS

2.1 Objetivo geral

Analisar a relagdo da pratica esportiva com parametros metabodlicos e inflamatdrios

entre adolescentes.

2.2 Objetivos especificos

e Manuscrito 1:
I) Investigar a relagdo do tempo de engajamento em atividades esportivas vigorosas com
modificac¢des no perfil lipidico de adolescentes; II) explorar o papel da participagdo em
esporte vigoroso (e de outros determinantes) nessas mudangas e, por fim III) explorar
potenciais diferencas entre os sexos na interacao entre o engajamento em esportes € as
alteracdes lipidicas em adolescentes.

e Manuscrito 2:
I) Comparar a resposta imune sistémica e celular entre adolescentes praticantes e ndo
praticantes de esporte, pareados por idade, sexo e indice de massa corporal (IMC); II)
investigar as associagdes entre marcadores inflamatorios e composi¢do corporal; I1I)
explorar a relagdo entre as varidveis de treinamento (volume e intensidade) e

biomarcadores inflamatorios de adolescentes.
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3 METODOS
3.1 ABCD - Growth Study

Esta tese faz parte de um projeto de pesquisa denominado “Analysis of Behavior of
Children During Growth” (ABCD - Growth Study). Tal projeto ¢ um ensaio pragmatico que
tem acompanhado adolescentes de 11 a 18 anos desde 2017 (houve seguimento nos anos de
2017/2018; 2022/2023; 2023/2024; em razao da pandemia do COVID-19 as avaliagdes foram
suspensas entre 2020/2021), investigando o impacto da pratica esportiva sobre diferentes
aspectos do crescimento e da saude dos adolescentes, tais como: alteragdes cardiovasculares,
comportamento sedentario, densidade dssea, dieta, dor musculoesquelética, gastos com saude,

inflamacdo, maturacao, perfil lipidico, resisténcia a insulina e sono.

3.2 Amostra, critérios de inclusio e exclusao

Os adolescentes foram recrutados em unidades escolares (n=3) e em clubes esportivos
(n=9) da regido metropolitana de Presidente Prudente (maior cidade em niimero de habitantes
da regido oeste do Estado de Sao Paulo com ~208.000 habitantes). Os participantes do estudo,
sdo alunos tanto na rede publica (unidades escolares mantidas por entidades sem fins lucrativos
também serdo consideradas), como na rede privada de ensino da cidade. Apds apresentacdo do
projeto de pesquisa aos responsaveis pelas unidades escolares e centros esportivos, 0s
adolescentes foram convidados a participar da pesquisa de acordo com os seguintes critérios de
inclusdo: 1) meninos ¢ meninas com idade entre 11 ¢ 18 anos; ii) sem nenhuma doenga
(previamente diagnosticada) que possa influenciar na pratica de atividade fisica habitual; iii)
ndo fazer consumo eventual ou regular de medicamentos que possam interferir no controle da
pressdo arterial, metabolismo lipidico, 6sseo (ex.: corticoides, estrogénio, amiodarona,
antirretrovirais, Diltiazen e Tamoxifeno); iv) para os jovens engajados em atividades
esportivas, foi exigido ao menos 12 meses prévios de envolvimento na atual modalidade; v)
para os jovens ndo engajados em atividades esportivas, foi exigido a0 menos 12 meses prévios
sem envolvimento em qualquer pratica regular de esportes; vi) o responsavel legal assinou o
termo de consentimento livre e esclarecido € o menor, o termo de assentimento. Foram critérios
de exclusdo do ABCD - Growth Study: 1) desisténcia indicada pelo adolescente, ii) desisténcia

indicada pelos responsaveis, iii) ndo comparecimento para as avaliagdes de coleta de sangue
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e/ou densitometria dssea, iv) para o grupo esporte: abandono da pratica esportiva durante o
seguimento v) para o grupo controle: ter iniciado a pratica esportiva regular durante o
seguimento vi) ter sido diagnosticado com alguma comorbidade durante o seguimento, vii) ter
iniciado uso de medicamento de uso continuo durante o seguimento.

Informacdes referentes ao sexo, idade cronoldgica, etnia e caracteristicas

socioecondmicas, foram relatadas pelo adolescente avaliado durante entrevista face-a-face.

3.3 Procedimentos éticos

O projeto ABCD- Growth Study, no qual essa tese de doutorado estd inserida, foi
aprovado pelo Comité de Etica em Pesquisa envolvendo seres humanos da Universidade
Estadual Paulista (UNESP), Campus de Presidente Prudente (parecer n°: 1.677.938/2016;
5.530.631/2022). O referido projeto também estad cadastrado no Registro Brasileiro de Ensaios
Clinicos (n°® RBR-43vbh6b).

3.4 Delineamento

Neste estudo para andlise dos resultados, os adolescentes da amostra foram divididos
em dois grupos: 1) esporte (atletismo, basquete, beisebol, caraté, futebol, ginastica, kung-fu,
natacdo e ténis) e 2) grupo controle (adolescentes pareados por sexo e idade com grupo esporte,
porém, sem pratica esportiva regular). As andlises do manuscrito 1 apresentadas nesta tese
consideraram o seguimento dos adolescentes avaliados no ABCD - Growth Study, com follow-
up de um ano apds a avaliagdo inicial. Por sua vez, o manuscrito 2 ¢ uma investigacao
transversal que contempla as avaliacdes realizadas em 2023, exclusivamente, com os atletas da

equipe de natacdo do grupo esporte, além da avaliacao baseline do grupo controle (Figura 1).

3.5 Calculo do tamanho da amostra

O célculo amostral foi baseado em medidas de relacionamento padronizadas (correlacao
[ r]). Assim, considerando informacgdes sobre a relagdo entre intensidade da pratica esportiva e
desfechos considerados neste trabalho (colesterol total, r=0.301; HDL-C, r=0.189; LDL-C, r=
0.365; TG, r= 0.261) (Cayres-Santos et al., 2020), o relacionamento de menor magnitude foi

adotado como referéncia (r= 0.189) por exigir um maior tamanho amostral.
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Por fim, considerando poder estatistico de 80% e significancia estatistica de 5% (Z=

1,96), o tamanho amostral foi estimado em, no minimo, 264 adolescentes.

2017 2018
NE2BE o oo o o e - - e e e e e e e e e n=189
2022 2023
NE05 o o o o o o o e e e e e e e e e e e e e e e e e e e e e e e e = e e n= 22
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Figura 1. Desenho experimental do projeto ABCD-Growth Study que compoe essa tese. Sendo
o manuscrito 1, uma analise de seguimento dos anos 2017/2018; 2022/2023 e 2023/2024 e 0 manuscrito

2, avaliagdo transversal da linha de base dos nadadores e grupo controle. Fonte: Elaboragdo propria.

3.6 Variaveis do estudo

3.6.1 Treinamento esportivo (volume e intensidade)

O volume (minutos/semana) e a intensidade do treinamento (tempo de treino despendido
nos dominios moderado e vigoroso) foi obtido a partir do monitoramento da frequéncia cardiaca
(FC) durante a pratica esportiva. Foram realizadas duas avaliagdes no seguimento, a avaliagao
inicial (baseline) e final (follow-up). A avaliacdo foi realizada com sensores de FC da marca
Polar, com sincronizagao via software Polar Team (POLAR, Kempele, Finlandia). A frequéncia

cardiaca méxima (FCmaéx) foi estimada pela formula de Karvonen (220 menos a idade

25



muv Universidade Estadual Paulista \W
unesp “Julio de Mesquita Filho”

Campus de Presidente Prudente

cronoldgica do individuo). O referido software classifica cinco zonas de intensidade: (i) muito
leve (50%-60% da FCmax), (ii) leve (60%-70% da FCmax), (iii) moderada (70%-80% da
FCméx), (iv) intensa (80%-90%) e (v) muito intensa (90%-100% da da FCmax) (Fox et al.,
2019; Karvonen; Vuorimaa, 1988). Neste estudo, a Atividade fisica de intensidade vigorosa
(VPA) foi definida como valores de FC > 80% da FCmaéx, enquanto a Atividade fisica de
intensidade moderada a vigorosa (MVPA) foi definida como a soma da intensidade moderada,
intensa e muito intensa.

Durante a coleta de dados realizada no estudo, os atletas utilizaram o sensor de
frequéncia cardiaca Polar H10 posicionado no térax. Porém, na coleta realizada em 2023 com
a equipe de natacao, os atletas utilizaram o sensor O6ptico de FC Polar Verity Sense, posicionado
nos oculos de nata¢do, que mede a FC na regido da témpora por meio de fotopletismografia
(Lopez-Belmonte et al., 2023; Olstad; Zinner, 2020). Ambos os dispositivos foram
sincronizados ao software Polar Team para monitoramento e registro em tempo real (Figura
2). Em todas as coletas de monitoramento do grupo esporte os adolescentes foram monitorados
simultaneamente. Para os participantes do grupo controle foi atribuido valor zero nas variaveis

MVPA e VPA.

7o 1w 61% % 60 s 7 50,

Figura 2. Monitoramento da frequéncia cardiaca (FC) durante a pratica esportiva para avaliacdo do
volume e intensidade de treino. A) sensor dptico usado na témpora pelos nadadores; B) Fita de frequéncia cardiaca
Polar H10; C) Monitoramento da intensidade de treino em tempo real da equipe de natagdo. Fonte: Fotografias da

autora (2023).
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3.6.2 Variaveis metabdlicas e de inflamacao

A coleta de sangue foi realizada no periodo matutino (entre 7:00 e 8:30) para evitar
interferéncias do ritmo circadiano e os adolescentes foram orientados a se abster de exercicios
fisicos nas 24 horas anteriores ao procedimento e estar em jejum total de 12 horas.

Aproximadamente 10 mL de sangue periférico foram coletados por pungao periférica
da veia do antebraco dos adolescentes por uma enfermeira devidamente habilitada (Figura 3).
As amostras de sangue foram alocadas em tubos a vacuo contendo Ethylenediamine Tetraacetic
Acid (EDTA) ou gel com ativador de codgulo para posterior separacdo de plasma e soro.

As analises bioquimicas dos componentes do perfil lipidico: triglicérides (TG [mg/dL]),
colesterol total (CT [mg/dL]), lipoproteina de alta (HDL-C [mg/dL]) e baixa densidade (LDL-
C [mg/dL]) e da variavel de inflamacdo proteina C-reativa ultra-sensivel (PCR-us [mg/L])
foram realizadas em laboratdrio privado certificado, conforme os critérios estabelecidos pelo

Ministério da Saude.

\

Figura 3. Punc¢fo periférica da veia do antebrago para coleta de amostras de sangue dos

participantes para analise das variaveis metabolicas e de inflamag@o. Fonte: Fotografias da autora (2024).

Aliquotas adicionais de sangue foram centrifugadas a 3000 rpm por 15 minutos a 4 °C.
O plasma e o soro obtidos foram armazenados a -80°C para posterior andlise das citocinas
realizadas por Ensaio de imunoabsor¢ao enzimatica (ELISA). As leituras de absorbancia foram
feitas no leitor de microplacas SpectraMax Plus 384 a 450 nm. As concentragdes séricas de

cortisol (ug/dL) foram obtidas com kit ELISA (Monobind Inc., EUA). Para avaliagao de
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adiponectina (png/ml), leptina (ng/ml), Inibidor do ativador do plasminogénio tipo 1 (PAI-1
[ng/ml]) e Fator neurotrofico derivado do cérebro (BDNF [ng/ml]), foi realizada dosagem do
soro com kits ELISA (DuoSet R&D Systems, Minneapolis, EUA), conforme instru¢des do
fabricante. As concentracdes das citocinas Fator de necrose tumoral alfa (TNF-a [pg/ml]) e
Interleucina-6 (IL-6 [pg/ml]), foram avaliadas nos sobrenadantes de culturas de Células
mononucleares do sangue periférico (PBMCs) e de sangue total estimulado com
lipopolissacarideo (LPS), também utilizando os kits ELISA (DuoSet R&D Systems,
Minneapolis, EUA). As técnicas utilizadas para o ensaio ex-vivo com sangue total estimulado
com LPS e de isolamento das PBMCs estao detalhadas na se¢ao de métodos do manuscrito 2
(Figura 4).

Estimulo de LPS
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—
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- ' —— - « Linfocitos
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Figura 4. Isolamento das células mononucleares do sangue periférico (PBMCs) por
centrifugacdo em gradiente de densidade, para estimulo com LPS para avaliacdo da resposta imune inata

dos adolescentes. Fonte: Elaboragao propria (2025).

3.6.3 Antropometria e composi¢io corporal
Para obtencdo de valores da massa corporal (kg) foi utilizada uma balanga digital

calibrada (Filizzola PL 150, modelo Filizzola Ltda, Brasil) e para medidas de estatura (m), um
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estadidmetro fixo de parede, com precisdo de 0,1 cm (Sanny, American Medical of the Brazil
Ltda, Brasil). O Indice de Massa corporal (IMC) foi calculado a partir da formula: IMC = massa
corporal (kg) / estatura? (m). A composigdo corporal que inclui valores de percentual de gordura
corporal (GC), tecido mole magro (kg) e tecido adiposo visceral (TAV, em cm?), foi avaliada a
partir da técnica de absorciometria de dupla emissdo de raios-X (Dual-Energy X-ray
Absorptiometry [DXA]) com o equipamento da General Electric (modelo WH — Prodigy) e
analisada no software Encore (versdo 17 SP2, Lunar DXA, GE Healthcare, Madison, WI,
EUA). Os adolescentes foram posicionados em decubito dorsal no DXA por um avaliador
treinado e receberam a orientacdo para estarem descalgos, vestindo roupas leves e isentos de
objetos metalicos durante o procedimento de varredura do corpo total (Figura 5). As regides
de interesse (ROIs) foram definidas automaticamente pelo soffware e, em seguida, revisadas e
ajustadas pelo avaliador. Todo o procedimento seguiu a padronizacdo recomendada pela
Associa¢do Brasileira de Avaliagdo Ossea e Osteometabolismo (ABRASSO) (Maeda et al.,
2022).

} Tecido Adiposo

mwer:n do {1 1 Visceral
m ") Subcutanea

Codificacdo por cores

Osso Magro Gordo

Figura 5. Avaliagdo por DXA para composi¢do corporal. Fonte: elaborag@o propria a partir de

fotografia da autora (2023) e relatorio de DXA.
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3.6.4 Maturacao

Para avaliacdo do estagio maturacional dos adolescentes participantes do ABCD -
Growth Study, foi utilizado um modelo de formula matematica predita por Moore et al. (2015),
conforme descrito na Tabela 1, baseada em medidas antropométricas para calcular o tempo
restante em anos (valores negativos) ou o tempo em anos ja transcorridos (valores positivos)

em relacdo ao pico de velocidade do crescimento (PVC) (Moore et al., 2015) .

Tabela 1. Férmulas propostas por Moore et al. 2015 para calcular maturagao somaética

Sexo
Meninos -7.999994 + [0.0036124 x (Idade x Estatura)]

R?=0.896; SEE = 0.542
Meninas -7.709133 +[0.0042232 x (Idade x Estatura)]
R?=0.898; SEE = 0.548

Nota: SEE= erro-padrio da estimativa

3.7 Analise estatistica

Os procedimentos estatisticos sdo detalhadamente apresentados nos dois manuscritos

confeccionados, os quais sdo apresentados na Se¢do de “Resultados e Discussdo”.
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4 RESULTADOS E DISCUSSAO

Nesta se¢do, serdo apresentados os manuscritos 1 e 2 que compdem esta tese. Ambos os
trabalhos trazem os objetivos especificos pertinentes a cada manuscrito, metodologia,
resultados e discussdo. Sao trabalhos inéditos que somente serdo submetidos para publicagdo

apOs apreciacao da banca de defesa desta tese.
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4.1 Manuscrito 1

Artigo original

Organized sports participation at vigorous intensity seems determinant in lipid changes

among male, but not among female adolescents: ABCD Growth Study

Aim

The aim of this study is as follows i) to investigate 1-year changes in lipids among
adolescents engaged in organized sports, ii) to explore the role of vigorous sports participation
(and other determinants) on such changes and, finally, iii) to explore potential sex differences

in the interaction between engagement in sports and lipid changes among adolescents.

Methods

This one-year follow-up study is a part of the pragmatic trial entitled “Analysis of
Behaviors of Children During Growth” (ABCD Growth Study), which is carried out since 2017
in the city of Presidente Prudente (~200,000 inhabitants), western State of Sao Paulo, Brazil.
Ethical approval for the study was granted by the Sao Paulo State University’s Research Ethics
Committee (n° 5.530.631/2022) and is registered with the Brazilian Clinical Trials Registry (n°
RBR-43vbho6b). All procedures were conducted in accordance with the Declaration of Helsinki.
Participants were free to withdraw from the study at any point, and no incentives were provided
to encourage participation.

This manuscript is based on data from adolescents (both sexes aged between 11 and 18
years-old) who were followed for 12 months sometime between 2017 to 2024. In 2017, 285
adolescents were assessed and started the follow-up period (189 adolescents were reassessed in
2018). The COVID-19 pandemic forced the ABCD Growth Study to interrupt its activities from
2020 to 2021. In 2022, 95 adolescents were assessed and started the follow-up period (22
adolescents were reassessed in 2023). In 2023, 117 adolescents were assessed and started the
follow-up period (69 adolescents were reassessed in 2024). Of those 280 adolescents, 12 were
excluded due to missing data in any of the four lipid variables at follow-up and, thus, the sample
was composed of 268 adolescents (81 girls and 187 boys).

Adolescents were recruited in 11 schools (n= 3) and sport clubs (n=9) spread out in the

metropolitan area of the city. The evaluations were carried out by researchers from the
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Laboratory of Investigation in Exercise (LIVE) of the Sao Paulo State University -UNESP after
all parents/legal guardians and adolescents signed a written consent form. This study includes
participants engaged in baseball, basketball, soccer, gymnastics, karate, kung-fu, tennis, track
& field and swimming, while adolescents not engaged in any sports over the last year were
considered “controls”. The ABCD Growth Study admitted all adolescents who fulfilled the
following eligibility criteria: (i) aged between 11 and 18 years; (ii) absence of any known
disease previously diagnosed and (iii) signed consent form by parents/legal guardian. To be
included in the organized sport group, participants needed to have been training (in a supervised
way) for at least one year in a sport and currently participating in competitions at either/both
state and national level (Matsudo; Rivet; Pereira, 1987). A control group of adolescents was
recruited as a comparator. For this group, participants were required to have had at least one
year without any regular engagement in organized sports or physical exercise routines (except

for school physical education classes).

Anthropometry and body composition

Trained researchers performed the measurements for body weight using a digital scale
(Filizzola PL 150, model Filizzola Ltda, Brazil) and height using a wall-mounted stadiometer
(Sanny, American Medical of the Brazil Ltda, Brazil). The percentual of body fat (BF) and lean
soft tissue in kilograms (LST) were taken from whole-body dual-energy X-ray absorptiometry
— DXA (General Electrics, model WH - Prodigy Advance) and analyzed by enCORE v17 SP2
Prodigy, Lunar DXA software. For the measure’s procedure, the adolescents were in a supine
position, barefoot, and wearing light clothing (Maeda et al., 2022). There was no metal object
next to their body. Obesity was classified based on BF percentage cutoffs specific to sex: BF >

25% for boys and BF > 30% for girls (Williams et al., 1992).

Biochemical assessment

Prior to blood sample collection, all the adolescents were advised to avoid physical
exercise or sports competition within 24 hours. Blood samples were collected after 12 hours of
fasting and were used to dosages of the following variables: low-density lipoprotein cholesterol
(LDL-c [mg/dL]), high-density lipoprotein cholesterol (HDL-c [mg/dL]), total cholesterol (TC
[mg/dL]), triglycerides (TG [mg/dL]), ultrasensitive C-reactive protein (CRP [mg/L]) used as

a marker of inflammation on this study. The blood collection, storage, and analyses were
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conducted by a private laboratory that meets all the guidelines requested by the Brazilian
Ministry of Health. The main outcomes of the study were absolute changes in lipids (subtracting
follow-up values from baseline), while a “lipid index” has been created by summing all absolute
changes (LDL-c, HDL-c, TC and TG). Before lipid index calculation, HDL-c absolute changes
were multiplied by -1 to assume the same meaning as the other lipids (positive changes denote

unfavorable outcome / negative changes denote favorable outcome).

Sports participation at vigorous intensity

For the adolescents engaged in sports, heart rate (HR) during training sessions was
monitored by the HR sensor (Polar H10 chest strap) and used in conjunction with the Polar
Team software (POLAR, Kempele, Finland). Maximum heart rate (HRmax) was estimated
using the Karvonen formula (220 minus the individual’s chronological age). The software
provides five heart rate zones: (i) very light (50% to 60% of HRmax); (ii) light (60% to 70% of
HRmax); (iii) moderate (70% to 80% of HRmax); (iv) hard (80% to 90% of HRmax); and (v)
very hard (90% to 100% of HRmax) (Fox et al., 2019; Karvonen; Vuorimaa, 1988). In this
study, vigorous physical activity (VPA) was defined as heart rate values > 80% of HRmax. The
entire sports team of each modality was monitors simultaneously using the Polar Team software
and the H10 chest strap sensors. In the control group, adolescents were assigned 0 min/day for

the VPA variable.

Covariates

Ethnicity (Caucasian, African American and others) and chronological age were self-
reported. The somatic maturation was calculated using the sex-specific equations for peak of
height velocity (PHV) (Moore et al., 2015). CRP was used as a marker of inflammation and
adjusting the models. LST and BF were measured using DXA.

Statistical analysis

Descriptive statistics were composed of mean and standard deviation (SD), while
categorical data were expressed as prevalences. The student’s t-test for independent samples
compared boys and girls, while the analysis of covariance (ANCOVA) compared lipids
according to sports participation under the adjustment of covariates (ethnicity, maturation, CRP,

LST and BF). In ANCOVA models, variables were presented as adjusted means (and its 95%
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confidence intervals [95%]). Bonferroni correction was used as a post-hoc test and measures of
effect-size were expressed as eta-squared (<0.010 [trivial]; from 0.010 to 0.059 [small]; from
0.060 to 0.139 [moderate]; > 0.140 [elevated] (Maher; Markey; Ebert-May, 2013). Sex-specific
linear regression models were created considering changes in the lipid index as the outcome.
VPA, BF (baseline and absolute changes), LST (baseline and absolute changes), ethnicity, CRP
(baseline and absolute changes) and maturation were treated as independent variable.
Coefficients were expressed as unstandardized (B [and its 95%CI]) and standardized (r) ways.
Standardized coefficients were treated as measures of effect-size (small [r > 0.10], moderate [r
> 0.30], and large [r > 0.50]) (Maher; Markey; Ebert-May, 2013). The statistical significance

was set at p-value < 5%. The software Stata (version 16) was used in the analysis.

Results

The sample was composed of 268 adolescents of both sexes (81 girls and 187 boys).
Boys were heavier (p-value= 0.001), taller (p-value= 0.001) and less mature (p-value= 0.001)
than girls, while girls had higher body fatness (p-value= 0.001) and lower muscle mass (p-
value= 0.001) than boys. The marker of inflammation was higher among boys (p-value=0.003),
while lipids and the time spent in sports participation in vigorous intensity were similar between
boys and girls (Table 1).

The prevalence of obesity was higher among girls (boys: 25.1% versus girls: 38.3%; p-
value= 0.043). After 12 months of follow-up, boys gained more muscle mass than girls (3.8kg
[95%CI: 2.8 to 4.8] versus 1.2kg [95%CI: 0.2 to 2.2]), while body fatness increased more
markedly among girls (Table 1). Sixteen adolescents developed abnormality in any lipid profile
component from baseline to follow-up moment, being not associated with sports participation
(No sport n=4 [7.3%] versus Sport n=12 [6.3%]; p-value= 0.760). On the other hand, eighteen
adolescents developed obesity from baseline to follow-up, being associated with engagement

in sports (No sport n=8 [12.9%] versus Sport n=10 [4.9%]; p-value= 0.040).
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PROGRAMA DE POS-GRADUAGAO

Table 1. General characteristics of the sample stratified according to sex (ABCD — Growth
Study; n=268)

Girls (n= 81) Boys (n=187)

Mean (SD) Mean (SD) p-value
Baseline
Age (years) 14.4 (1.8) 14.5 (1.8) 0.893
Body mass (kg) 52.4 (10.5) 60.9 (14.3) 0.001
Height (cm) 160.4 (8.1) 170.4 (10.7) 0.001
PHV (years)* 2.3[2.4] 1.1[2.2] 0.001
Body fatness (%) 28.9 (8.9) 19.1 (9.2) 0.001
LST (kg) 35.1(6.2) 45.8 (9.7) 0.001
CRP (mg/L)* 2.0 [2.0] 2.1[2.6] 0.003
TC (mg/dL) 148.4 (28.1) 143.2 (27.1) 0.162
HDL-c (mg/dL) 54.8 (10.6) 53.3(11.9) 0.351
TG (mg/dL) 74.8 (35.6) 71.9 (33.7) 0.528
LDL-c (mg/dL) 81.6 (23.3) 77.9 (22.1) 0.222
Sport VPA (min/day) 14.4 [21.7] 15.1[29.5] 0.145
Categorical (n [%])
Ethnicity (Caucasian) 40 (49.4%) 99 (52.9%) 0.687**
Obesity (yes) 31 (38.3%) 47 (25.1%) 0.043**
Dyslipidemia (yes) 12 (15.1%) 27 (14.8%) 1.000%**
Changes (A) Mean (95%CI) Mean (95%CI)
LST (kg) 1.2 (0.2 t0 2.2) 3.8 (2.8 t04.8) 0.001
Body fatness (%) 1.7 (0.6 to 2.7) -0.8 (-1.6 t0 0.1) 0.001
CRP (mg/L) 0.6 (-0.3to 1.7) 0.7 (-1.1 to 2.6) 0.971
Lipids Index (mg/dL) -8.1(-17.5t01.2) -3.4 (-11.7 t0 4.9) 0.582

SD= standard-deviation; 95%CI: 95% confidence interval; PHV= peak of height velocity; LST= lean soft tissue;
CRP= C-reactive protein (ultrasensitive); CIMT= carotid intima-media thickness; FIMT= femoral intima-media
thickness; SBP= systolic blood pressure; DBP= diastolic blood pressure; VPA= vigorous physical activity; *= due
to non-parametric distribution, variable expressed as median [interquartile range] and compared using Mann-
Whitney’s test; **= chi-square test.
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Changes in lipids were not related to sports participation among girls (Figure 1, Panel
A), even with relevant reduction for TG (-7.6 mg/dL [95%CI: -13.6 to -1.5]) and lipids index
(-12.7mg/dL [95%CI: -23.4 to -2.1]) among girls who were engaged in sports. Among boys,
there were significant reductions of small magnitude in favor of the group of adolescents
engaged in sports for TC (p-valor= 0.032), TG (p-valor= 0.020) and LDL-c (p-valor= 0.009).
Those reductions combined, resulted in a moderate reduction in the lipids index in favor of the
group of adolescents engaged in sports (-12 mg/dL [95%CI: -21.3 to -3.3]) (Figure 1, Panel
B).
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Figure 1. Analysis of covariance (ANCOVA) comparing lipids according to sports participation. A)
Lipids changes (A) in girls. B) Lipids changes (A) in Boys.
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Multivariate models were run to identify the main determinants of the changes in lipid
profile (lipids index) according to sex. Among girls (Figure 2, Panel A), the main determinant
of changes in lipids was the amount of muscle mass at baseline (f=-0.002 [95%CI: -0.004 to -
0.001]), affecting the outcome in a moderate magnitude (r= -0.369; p-value= 0.015). Among
boys (Figure 2, Panel B), the main determinants of changes in lipids were changes in body
fatness (B= 3.1 [95%CI: 1.4 to 4.8]; r= 0.311 [moderate effect-size]; p-value= 0.001) and the
time spent in sports at vigorous intensity (=-0.5 [95%CI: -1.1 to -0.1]; r=-0.184 [small effect-
size]; p-value= 0.018).
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Figure 2. Multivariate models used to identify the main determinants of the changes in lipids

according to sex. A) Girls. B) Boys.
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Discussion
This longitudinal study investigated the relationship between l-year participation in

organized sports and changes on blood lipids among adolescents. The findings identified that
sports participation seems beneficial to the control of blood lipids in both sexes, but especially
among boys. Moreover, VPA seems relevant in the reduction of blood lipids among boys.

The first finding of our study to be highlighted is the inverse relationship between
sportive VPA and lipids (every minute increased in VPA reduced 0.596 mg/dL in lipids), only
among boys and independent of body fatness. First, the magnitude of the relationship was of
small magnitude, identifying the participation of other variables in such a phenomenon.
Particularly in our models, it could be mentioned the participation of BF changes, which
simultaneously impacted lipid changes in a moderate magnitude (every 1% increase in BF
increased 3.1 mg/dL in lipids). The relationship between time spent in VPA and adiposity in
adolescents has been previously reported for daily physical activity (Barbosa et al., 2023) and
sports participation, especially sports with higher cardiorespiratory demand (Cayres-Santos et
al., 2020).

The relationship between lipids and BF is widely explored in the literature and much of
this relationship is based on the harmful impact of physical inactivity (Agbaje, 2024; Michel;
Bernier; Thompson, 2022), while the pathways linking lipids to VPA independently of
adiposity might be attributed to the well-established capacity of VPA lower the lipid outcome,
once engagement is sports at higher intensities promotes increased energy expenditure and
enhances lipid metabolism promoting the upregulation of lipoprotein lipase activity, improving
the catabolism of circulating triglycerides, increasing the HDL, whereas intracellular lipolysis
in adipose tissue promotes the mobilization of stored fat (Kelley; Kelley, 2007; Thompson et
al., 2003). These metabolic responses are enhanced by adaptations in skeletal muscle function
and increased oxidative capacity associated with training. During high-intensity activities, there
is an increase in oxygen consumption and substrate oxidation rate, with training adaptations
enhancing the mobilization and utilization of free fatty acids (Egan; Zierath, 2013; Ekelund et
al., 2012; Romijn et al., 1993; Smith et al., 2023).

In contrast, no significant association was found between VPA and lipid changes among
girls. These findings indicate that the physiological response to physical activity during
adolescence may differ between sexes, likely due to variations in hormonal level, because

testosterone in boys promotes lean mass development and facilitates lipid oxidation, whereas
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estrogen in girls promotes greater fat accumulation, which may contribute to modulate their
metabolic response to physical activity (Malina et al., 2015, 2025; Rogol; Roemmich; Clark,
2002). Moreover, it is important to highlight that differences in body composition (amount and
distribution) and timing for biological maturation may impact these sex-differences (Mauvais-
Jarvis, 2024; Torres et al., 2020; Ubago-Guisado et al., 2017; Varlamov; Bethea; Roberts,
2014).

Another relevant finding was the role of baseline LST (a proxy of muscle mass) in our
models, in which higher LST at baseline was related to lower increase in lipids during the
follow-up. This finding suggests that having greater muscle mass at baseline offered a
protective effect on lipids over time, independent of changes in fatness or activity levels,
agreeing with previous studies ratifying this inverse relationship (Fu et al., 2025; Gao et al.,
2022). The relevant connection between muscle mass and lipids is not a surprise given that
skeletal muscle functions as a metabolic organ which secrets myokines with anti-inflammatory
and lipid protective effects with anti-atherogenic potential (Pedersen; Febbraio, 2012;
Srikanthan; Karlamangla, 2014). However, the relationship was of moderate magnitude
(denoting the participation of other variables in this phenomenon (Martakis et al., 2021)) and
only observed among girls. In our sample, girls had 30% less LST than boys and, during the
follow-up period, girls experienced an increase in LST of ~3.4% against ~8% among boys.
Such background ratifies the health relevance of maintenance and improvements of muscle
mass during adolescence, especially among girls.

This study has strengths. The longitudinal design combined with the pragmatic approach
seems relevant to make viable the investigation of the impacts of sports participation on
adolescents’ health. In the real world, training routine and periodization, as well as the calendar
of competitions make sports settings hard to control (when compared to laboratory
interventions) and poorly reproduced in laboratory settings. Limitations should be recognized
too. The limited number of girls reflects a lower engagement of female adolescents in sports
when compared to boys but also impacts our statistical power to detect differences. For
example, in girls the sports participation group presented significant reductions in lipids (like
boys), but the small number of girls in the control group undermined the comparisons.
Additionally, the absence of dietary intake and some hormones might be identified as

limitations of the study.
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Conclusion

In summary, sports participation seems relevant to the control of lipids in both boys and
girls, but more consistently among boys, in which VPA seems to assume a relevant role.
Moreover, adipose tissue and muscle mass seems to participate in lipid changes, but differently

in boys and girls.

Acknowledgements

We are thankful to all participants of the ABCD-Growth Study, including sports coaches,
parents, and adolescents. We also extend our gratitude to all the members of the Laboratory of
Investigation in Exercise (LIVE) at the Sao Paulo State University (UNESP) for their assistance

in carrying out the assessments.

Availability of data and materials

The data used to support the findings of this study are available upon request.

Financial support

The authors would like to thank Coordenacgdo de Aperfeicoamento de Pessoal de Nivel Superior
- CAPES - 001; Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico- CNPq and
Fundacdo de Amparo a Pesquisa do Estado de Sao Paulo (FAPESP - 2022/09796-1), for the
funding support.

Ethics approval and consent to participate

Adolescents must provide informed consent forms signed by a parent or guardian to participate
in the study. The Ethical Board of the Sao Paulo State University (UNESP) approved the
investigation (Process number: 57585416.4.0000.5402) and all procedures performed in this
study were conducted in accordance with the 1964 Declaration of Helsinki for Human Studies

by the World Medical Association.

Conflict of interest

The authors declare no conflicts of interest

41



Aﬁfg Universidade Estadual Paulista (\W
Unesp “Jalio de Mesquita Filho” N

Campus de Presidente Prudente

References

AGBAIJE, Andrew O. Associations of Sedentary Time and Physical Activity From Childhood
With Lipids: A 13-Year Mediation and Temporal Study. Journal of Clinical Endocrinology and
Metabolism, v. 109, n. 7, p. €1494—e1505, 1 jul. 2024.

BARBOSA, Arthur Oliveira ef al. Longitudinal association between moderate to vigorous
physical activity and lipid profile indicators in adolescents. European Journal of Sport Science,

v.23,n. 7, p. 1405-1414, 2023.

CAYRES-SANTOS, Suziane Ungari et al. Sports participation improves metabolic profile in
adolescents: ABCD growth study. American Journal of Human Biology, v. 32, n. 5, p. 1-10,
2020.

EGAN, Brendan; ZIERATH, Juleen R. Exercise metabolism and the molecular regulation of
skeletal muscle adaptation. Cell Metabolism, 5 fev. 2013.

EKELUND, Ulf et al. Moderate to vigorous physical activity and sedentary time and
cardiometabolic risk factors in children and adolescents. JAMA, v. 307, n. 7, p. 704-712, 15
fev. 2012.

FOX, Jordan L. ef al. Validity of the Polar Team Pro Sensor for measuring speed and distance

indoors. Journal of Science and Medicine in Sport, v. 22, n. 11, p. 1260-1265, 1 nov. 2019.

FU, Liwan et al. Effect of life course body composition on lipids and coronary atherosclerosis
mediated by inflammatory biomarkers. Free Radical Biology and Medicine, v. 227, p. 157-165,
1 fev. 2025.

GAO, Liwang et al. The associations of muscle mass with glucose and lipid metabolism are
influenced by body fat accumulation in children and adolescents. Frontiers in Endocrinology,

v. 13, 15 set. 2022.

42



Aﬁfg Universidade Estadual Paulista (\W
Unesp “Jalio de Mesquita Filho” N

Campus de Presidente Prudente

KARVONEN, J.; VUORIMAA, T. Heart rate and exercise intensity during sports activities.
Practical application. Sports medicine (Auckland, N.Z.), v. 5, n. 5, p. 303—11, maio 1988.

KELLEY, George A.; KELLEY, Kristi S. Aerobic exercise and lipids and lipoproteins in
children and adolescents: a meta-analysis of randomized controlled trials. Atherosclerosis, v.

191, n. 2, p. 447-53, abr. 2007.

MAEDA, Sergio Setsuo et al. Official position of the Brazilian Association of Bone
Assessment and Metabolism (ABRASSO) on the evaluation of body composition by
densitometry: part I (technical aspects)—general concepts, indications, acquisition, and

analysis. Advances in Rheumatology, v. 62, n. 1, 1 dez. 2022.

MAHER, Jessica Middlemis; MARKEY, Jonathan C.; EBERT-MAY, Diane. The other half of
the story: Effect size analysis in quantitative research. CBE Life Sciences Education, v. 12, n.

3, p. 345-351, 4 set. 2013.

MALINA, Robert M. et al. Biological maturation of youth athletes: Assessment and
implications. British Journal of Sports Medicine, v. 49, n. 13, p. 852-859, 1 jul. 2015.

MALINA, Robert M. et al. Participants and Non-Participants in Organized Sports 11-14 Years:
Growth, Maturity Status, Physical Activity, Motor Coordination and Physical Fitness.

American Journal of Human Biology, v. 37, n. 5, 1 maio 2025.

MARTAKIS, Kyriakos et al. Association of muscle mass and fat mass on low-density-
lipoprotein cholesterol and triglyceride plasma concentration in children and adolescents.

Journal of Pediatric Endocrinology and Metabolism, v. 34, n. 10, p. 1273-1282, 1 out. 2021.
MATSUDO, Victor K. R.; RIVET, Ricardo E.; PEREIRA, Moénica H. N. Standard score

assessment on physique and performance of brazilian athletes in a six tiered competitive sports

model. Journal of Sports Sciences, v. 5, n. 1, p. 49-53, 1987.

43



Aﬁfg Universidade Estadual Paulista (\W
Unesp “Jalio de Mesquita Filho” N

Campus de Presidente Prudente

MAUVAIS-JARVIS, Franck. Sex differences in energy metabolism: natural selection,

mechanisms and consequences. Nature Reviews NephrologyNature Research, , 1 jan. 2024.

MICHEL, Jacqueline; BERNIER, Angelina; THOMPSON, Lindsay A. Physical Activity in
Children. JAMA Pediatrics, v. 176, n. 6, p. 622, 2022.

MOORE, Sarah A. ef al. Enhancing a somatic maturity prediction model. Medicine and Science

in Sports and Exercise, v. 47, n. 8, p. 1755-1764, 2015.

PEDERSEN, Bente K.; FEBBRAIO, Mark A. Muscles, exercise and obesity: Skeletal muscle

as a secretory organ. Nature Reviews Endocrinology, ago. 2012.

ROGOL, Alan D.; ROEMMICH, James N.; CLARK, Pamela A. Growth at puberty. The
Journal of adolescent health : official publication of the Society for Adolescent Medicine, v. 31,

n. 6 Suppl, p. 192-200, dez. 2002.

ROMIIN, J. A. et al. Regulation of endogenous fat and carbohydrate metabolism in relation to

exercise intensity and duration. /S.l.: S.n.].

SMITH, Jonathon A. B. et al. Exercise metabolism and adaptation in skeletal muscle. Nature

Reviews Molecular Cell BiologyNature Research, , 1 set. 2023.

SRIKANTHAN, Preethi; KARLAMANGLA, Arun S. Muscle mass index as a predictor of
longevity in older adults. American Journal of Medicine, v. 127, n. 6, p. 547-553, 2014.

THOMPSON, Paul D. et al. Exercise and Physical Activity in the Prevention and Treatment of
Atherosclerotic Cardiovascular Disease. Arteriosclerosis, Thrombosis, and Vascular Biology,

v. 23, n. 8, ago. 2003.

TORRES, Wésley et al. Participation in Non-professional Sports and Cardiovascular Outcomes
Among Adolescents: ABCD Growth Study. Maternal and Child Health Journal, v. 24, n. 6, p.
787-795, 1 jun. 2020.

44



Aﬁfg Universidade Estadual Paulista (\W
Unesp “Jalio de Mesquita Filho” N

Campus de Presidente Prudente
UBAGO-GUISADO, Esther et al. Influence of different sports on fat mass and lean mass in

growing girls. Journal of Sport and Health Science, v. 6, n. 2, p. 213-218, 1 jun. 2017.

VARLAMOV, Oleg; BETHEA, Cynthia L.; ROBERTS, Charles T. Sex-specific differences in
lipid and glucose metabolism. Frontiers in Endocrinology, v. 5, n. DEC, 2014.

WILLIAMS, D. P. et al. Body fatness and risk for elevated blood pressure, total cholesterol,

and serum lipoprotein ratios in children and adolescents. American journal of public health, v.

82, n. 3, p. 358-63, mar. 1992.

45



Aﬁfg Universidade Estadual Paulista (\W
Unesp “Jalio de Mesquita Filho” N

Campus de Presidente Prudente

4.2 Manuscrito 2
Artigo original

Association of Sports Participation with Systemic and Cellular immune response in

Adolescents: ABCD - Growth Study

Aim

The primary aim of this study is to compare systemic and cellular immune response
between adolescents engaged and not engaged in sports (swimming) matched by age, sex and
BMI. The secondary aim was to investigate the associations between inflammatory markers and
body composition, as well as to explore the relationship between training variables (volume and

intensity) and the inflammatory biochemicals in adolescents.

Methods
Study design and ethical approval

This cross-sectional investigation, part of the broader pragmatic trial: “Analysis of
Behaviours of Children During Growth” (ABCD Growth Study), has received ethical approval
from Research Ethics Committee of Sao Paulo State University (5.530.631/2022) and is
registered in the Brazilian Clinical Trials Registry (RBR-43vbho6b). All procedures followed
the principles outlined in the Declaration of Helsinki. Participation was voluntary, and
individuals were free to withdraw at any time. No incentives were offered to encourage

adolescents to participate.

Participants

The sample in this study consists of a convenience selection. It includes male and female
competitive swimmers, aged 11 to 18 years, previously assessed as part of the ABCD Growth
Study. However, for the present analysis, only those with more than two years of experience
(competitive level) in the sport and who had competed at least at the state level were included.
The control group (adolescents not engaged in regular organized sports for at least one year)

was matched for age, sex, maturation status and BMI.
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The rationale for selecting swimmers for this study lies in the fact that the swimming team
follows the most regular and consistent training routine among all the other teams assessed in
the ABCD Growth Study. Although, swimming is a worldwide popular youth sports widely
recognized for health benefits mainly related to metabolic, musculoskeletal, and
cardiorespiratory fitness (Nagle; Sanders; Franklin, 2017). In addition to the inclusion criteria,
none of the adolescents presented a previous diagnosis of cardiometabolic diseases, physical
limitations restricting daily activities or sports participation, or were under regular use of
prescribed medication. Participants who did not attend the blood sampling or body composition
assessments were excluded from the study (n=2 for the swimmers and n=1 for the control
group). Written informed consent was obtained from all adolescents and their respective parents

or legal guardians.

Anthropometric and body composition assessment

Body weight was measured using a calibrated digital scale (Filizzola PL 150, model
Filizzola Ltda, Brazil), and height was assessed using a fixed wall-mounted stadiometer with
an accuracy of 0.1 cm (Sanny, American Medical of the Brazil Ltda, Brazil). Body mass index
(BMI) was calculated according to the standard formula: BMI= weight (kg)/ height® (meters).
Dual-energy X-ray absorptiometry (DXA) assessments were performed using a General
Electric Scanner (model WH — Prodigy) and analyzed with the encore software (version 17
SP2, Lunar DXA, GE Healthcare, Madison, WI, USA). Participants were positioned supine,
barefoot, wearing light clothing, and free of metallic objects. The whole-body scan provided
estimates of body composition, in this study is included: body fat percentage (BF), lean soft
tissue (LST, in kilograms), and visceral adipose tissue (VAT, in cm?®). Regions of interest
(ROIs) were automatically defined by the software and subsequently reviewed and adjusted by
a trained researcher. The analysis followed standardized procedures recommended by the
Brazilian Association of Bone Assessment and Metabolism (ABRASSO)(Maeda et al., 2022).
VAT was estimated using the manufacturer’s algorithm (CoreScan™ application), which
calculates adipose tissue volume within a 5-cm section of the android region, beginning at the
iliac crest and extending upward, based on tissue-specific X-ray attenuation properties
distinguishing visceral from subcutaneous fat (Kaul et al., 2012).
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Blood sample and analysis

To assess the systemic and cellular immune markers, approximately 10 ml of peripheral
blood was collected from the adolescents via venipuncture of a forearm vein, performed by a
trained nurse. Prior to sample collection, all participants were instructed to abstain from
physical exercise or sports competition within the previous 24 hours. Additionally,
participants were asked about flu-like symptoms and the use of medications such as
antibiotics, corticosteroids, or anti-inflammatory drugs. Adolescents reporting any of these
conditions were instructed to postpone participation and return for blood collection on another
day. Blood samples were collected following 12 hours of fasting. Blood aliquots were
centrifuged at 3000 rpm for 15 min at 4°C. Plasma and serum were stored at -80 °C until
further analysis by enzyme-linked immunosorbent assay (ELISA). Absorbance readings for
the ELISA were performed using a SpectraMax Plus 384 microplate reader. Serum cortisol
(pnd/dL) concentrations were measured with commercial ELISA kit (Monobind Inc., USA).
Adiponectin (pg/ml), leptin (ng/ml), Plasminogen Activator Inhibitor-1 (PAI-1 [ng/ml]) and
Brain-derived Neurotrophic Factor (BDNF [ng/ml]) concentrations were determined in the
serum samples using ELISA commercial kits (DuoSet R&D Systems, Minnneapolis, USA),
according to the manufacturer’s instructions. Tumor Necrosis factor-alpha (TNF- o [pg/ml])
and Interleukin-6 (IL-6 [pg/ml]) concentrations were assessed in supernatants from peripheral
blood mononuclear cell (PBMC) culture and Lipopolysaccharide (LPS) stimulated whole
blood (WBS), also using ELISA commercial kits (DuoSet R&D Systems, Minnneapolis,
USA). All cytokine concentrations were determined based on absorbance values obtained at

450 nm.

Whole blood stimulated with LPS

For the whole blood LPS-stimulated ex vivo assay the protocol used in this study
followed the procedure previously reported by Barry et al, 2018 (Barry et al., 2018). Around 3
ml blood was drawn into tubes containing K3-EDTA and diluted 1:10 in serum-free RPMI
medium (Sigma) containing 5 mM glucose with 1x penicillin/streptomycin. Aliquots of diluted
whole blood were placed into the 24-well culture plates (540 pL) and incubated with or without
LPS (Escherichia coli, type: 0111: B4; Sigma, St. Louis, MO) at the final concentration of 10
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ng/mL for 6-hour at 37°C in 5% COa. The supernatant was then collected and frozen at -80°C

for further analysis.

PBMC culture

The samples were dispensed into Histopaque ®-1077 (Sigma-Aldrich Co. LLC) (1:1)
for PBMC isolation and centrifuged at 400 X g for 30-minutes at room temperature. Then, the
PBMC was washed with phosphate-buffered saline (PBS) and resuspended in 1 mL of enriched-
medium RPMI. For 24-hour at 37°C in 5% CO; a total of 1 x 10° PBMCs/mL were incubated
in cell culture medium (RPMI-1640 Sigma-Aldrich Co., LLC) enriched with glutamine [2 mM],
HEPES [20 mM], 10% fetal bovine serum, penicillin [100 U/mL] and streptomycin [0.1
mg/mL] in 24-well plates (Kasvi, PR, Brazil). PBMCs were maintained under LPS-stimulated
[10 ng/mL] culture conditions (Escherichia coli, type: O111: B4; Sigma, St. Louis, MO) or
unstimulated (control) culture conditions to determine the innate immune response.
Supernatants were collected after 24-hour incubation and preserved at -80°C for later cytokine

assessment.

Training Monitoring Procedures

Athletes self-reported their competitive swimming practice time in months. One week
of training was monitored by the researchers. The athletes were wearing an optical heart rate
(HR) sensor (Verity Sense, Polar Electro Oy, Finland) attached to the swimmers’ goggles. The
device measures HR through the temple using photoplethysmography and was synchronized
with the Polar Team software (POLAR, Kempele, Finland), for real-time monitoring and
recording of HR during the swimming practice (Lopez-Belmonte et al., 2023; Olstad; Zinner,
2020). The training volume (minutes/week) was collected from the total time of each swimming
session recorded into the device. Maximum heart rate (HRmax) was estimated using the
Karvonen formula (220 minus the individual’s chronological age).
The software provides five heart rate zones: (i) very light (50% to 60% of HRmax); (ii) light
(60% to 70% of HRmax); (iii) moderate (70% to 80% of HRmax); (iv) hard (80% to 90% of
HRmax); and (v) very hard (90% to 100% of HRmax) (Fox et al., 2019; Karvonen; Vuorimaa,
1988; Papadopoulou et al., 2019).
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In this study, Moderate-to-Vigorous Physical Activity (MVPA) was defined as the sum
of moderate, hard and very hard intensities, while Vigorous Physical Activity (VPA) was
defined as heart rate values >80% of HRmax. All swimmers were monitored simultaneously.
For the control group, adolescents were assigned O for training volume, MVPA and VPA

variables.

Covariates
Sex and age were reported by the participants, and somatic maturation was calculated
via a sex-specific model for estimating peak height velocity (PHV) (Moore et al., 2015).

Additionally, LST and BF were also considered covariates in the models created.

Statistical analysis

Descriptive statistics were composed of mean, standard-deviation, standard-error of
mean and 95% confidence interval (95%CI). Student t test has been used to compare numerical
variables according to engagement in swimming (swimmers versus controls) (Table 1).
Analysis of covariance (ANCOVA) has been used to compare numerical variables according
to the engagement in swimming, while adjusting by covariates (sex, somatic maturation, LST
and BF) (Table 2). In such models, measures of effect-size were expressed as partial eta squared
(m?p). The linear relationship between numerical variables (sports parameters with body
composition, metabolic and inflammatory markers) was expressed as standardized coefficients
(r), using Pearson correlation (Table 3). Finally, the correlations with statistical relevance were
rerun in the linear regression, adjusting by the same covariates (sex, somatic maturation, LST
and BF) (Table 4). Linear regression models were expressed as both standardized and
unstandardized coefficients, as well as measures of effect size were expressed as » values.
Group comparisons of the % relative change in IL-6 and TNF-a in both whole blood and
PBMCs were performed using the Mann-Whitney U test and the results are presented as median
and interquartile range (Figure 1). The statistical software used was the Stata (version 16.0)

and the significance level (p-value) was previously set at <5%.
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As expected, adolescents engaged in sport (swimmers) and not engaged in any sports

(controls) presented similar values of age, maturation and BMI due to the match process to

select the participants (Table 1). On the other hand, swimmers presented lower whole-body (-

32%) and visceral fatness (-400%), as well as higher muscle mass (+14%) than control

adolescents (Table 1). Swimmers spent more than 10h per week training.

Table 1. General characteristics of the samples (ABCD — Growth Study, n= 30).

Swimmers (n=18)

Controls (n=12)

Variables (t/5) 72) p-value
Age (years) 14.7+£2.2 144+1.6 0.647
PHYV (years) 1.5+19 09+1.6 0.367
Body mass (kg) 60.4 £10.7 61.7+194 0.819
Height (m) 1.68 £0.1 1.64 +0.1 0.186
BMI (kg/m?) 21.1+2.1 222+44 0.433
Body Fat (%) 206+7.1 30.1+11.3 0.010
LST (kg) 46.1 £10.1 40.4+10.6 <0.001
VAT (cm?®) 68.9 £82.2 305 +£332.2 0.033
Sports parameters

Previous time (months) 81.8£31.8 - -
Weekly volume (min) 697.7£191.2 - -
MVPA (min) 565 + 221 - -
VPA (min) 202+12.4 - -

Note. PHV= peak of height velocity; BMI= body mass index; LST= lean soft tissue; VAT= visceral adipose tissue;
MVPA= moderate to vigorous physical activity; VPA= vigorous physical activity.
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Comparisons between swimmers and controls identified that blood concentration of

cortisol values were ~19% lower among swimmers, while TNF-a concentration in PBMCs was

also substantially lower among adolescents engaged in sports (Table 2).

Table 2. Metabolic and inflammatory outcomes in swimmers (n=18) and controls (n=12)

Swimmers Controls
Variables /5) (172) p-value n’p
Mean £ SD Mean + SD
Cortisol (pg/dL) 152+6.2 18.8+7.4 0.033 0.175
Adiponectin (pug/ml) 7.9+48 10£5.9 0.767 0.004
Leptin (ng/ml) 59+6.6 12+16.3 0.516 0.019
Adipo/Lep ratio 1.9+ 1.1 3£34 0.269 0.055
Lep/VAT ratio 0.5+0.7 0.04 +£0.27 0.616 0.012
Adipo/VAT ratio 1+1.5 0.08 £ 0.08 0.402 0.034
PAI-1 (ng/ml) 214+11.2 29.5+32.9 0.609 0.013
BDNF (ng/ml) 48.7+13.8 44.6 + 18.6 0.181 0.080
Whole Blood (unstimulated)
IL-6 (pg/ml) 33.1+979 298+3.4 0.526 0.017
TNF-a (pg/ml) 29.7+37.5 6.12+2.7 0.502 0.020
Whole Blood (LPS)
IL-6 (pg/ml) 179.5+79.9 202.58 +126.9 0.802 0.003
TNF-a (pg/ml) 77.4 +£55.1 63.2+35.2 0.488 0.021
PBMC (unstimulated)
IL-6 (pg/ml) 23034 + 8877 20573 £ 9324 0.782 0.004
TNF-a (pg/ml) 1091 + 870 1930 £ 1642 0.533 0.017
PBMC (LPS)
11-6 (pg/ml) 28275+ 6674 32917 £ 1151 0.381 0.034
TNF-a (pg/ml) 1990 + 1246 3366 + 2089 0.029 0.865

Note. Group comparisons were performed using ANCOVA, adjusted for sex, PHV(peak of height velocity),
body fat (BF) and lean soft tissue (LST). Data are present as mean =+ standard deviation. Effect sizes are reported
as partial eta squared (1?p). Bold for p-value < 0.05. PAI-1=Plasminogen Activator Inhibitor-1; BDNF= Brain-
Derived Neurotrophic Factor; VAT= visceral adipose tissue; PBMCs= Peripheral Blood Mononuclear Cells;
IL-6= Interleukine-6; TNF-o= Tumor Necrosis Factor alpha. Adjusted by somatic maturation, body fatness,

lean soft tissue and sex.
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Group comparisons using the Mann-Whitney U test showed significant differences in %
relative change (A for LPS-stimulated — unstimulated) in WBS to IL-6 (p-value= 0.019) and
TNF-a (p-value= 0.002). In PBMCs any significant difference was found between groups for
the A in IL-6 and TNF-a (p-value > 5%), (Figure 1). Although, when the analyses were
performed using Analysis of Covariance (ANCOVA) and adjusted for sex and PHV the
differences between groups remains statically significant for IL-6 (p-value = 0.036 and n?p=
0.164) and TNF-a (p-value = 0.004 and n*p= 0.285), but when adjusted for sex, PHV, BF and
LST the model became non-significant for IL-6 (p-value = 0.751 and n?p= 0.004) and for TNF-
a (p-value = 0.590 and n?p=0.013).
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Figure 1. The graphs show (%) changes and represent cytokine production in whole blood (WBS) or in
PBMCs relative to non-stimulated baseline, calculated as the response to LPS stimulation (A). Panel A:
relative change of IL-6 in whole blood (WBS); Panel B: relative change of TNF-o in WBS; Panel C: relative
change of IL-6 in PBMCs; Panel D: relative change of TNF-o in PBMCs. Data are presented as median and
interquartile range. Groups were compared using the Mann—Whitney U test. Bold p-value represents

significance <5%.
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Training volume was inversely related to TNF-a concentrations (r= -0.389; p-value=
0.034), BF (r=-0.467; p-value= 0.009), and VAT (r= -0.479; p-value= 0.007), while training
volume was positively related to LST (r= 0.938; p-value= 0.001) (Table 3). Additionally, LST
was inversely related to TNF-a in PBMCs (1= -0.403; p-value= 0.027), and Leptin positively
correlated to BF (r= 0.824; p-value= <0.001), and VAT (r= 0.740; p-value= 0.009).

Table 3. Relationship of sports participation parameter with body composition, metabolic

and inflammatory markers in adolescents (N= 30).

Training volume MVPA VPA

Variables r p-value r p-value r p-value

Cortisol (ng/dL) -0.205 0.278 -0.253 0.177 -0.183 0.467

Adiponectin (pg/ml) -0.163 0.408 -0.275 0.157 -0.358 0.144

Leptin (ng/ml) -0.290 0.134 -0.320 0.097 -0.314 0.205

PAI-1 (ng/ml) -0.155 0.440 -0.062 0.759 0.431 0.084

BDNF (ng/ml) 0.067 0.735 0.088 0.657 0.064 0.800
Whole Blood (LPS)

IL-6 (pg/ml) -0.133 0.490 -0.075 0.697 0.009 0.971

TNF-a (pg/ml) -0.141 0.465 0.328 0.082 0.426 0.088
PBMC (LPS)

IL-6 (pg/ml) -0.246 0.198 -0.222 0.246 -0.173 0.493

TNF-a (pg/ml) -0.389 0.034 -0.344 0.063 -0.121 0.631
Body composition

BF (%) -0.467 0.009 -0.498 0.005 -0.322 0.192

LST (kg) 0.938 <0.001 0.818 <0.001 0.013 0.958

VAT (cm?) -0.479 0.007 -0.451 0.012 -0.227 0.365

Note. PAI-1= Plasminogen Activator Inhibitor-1; BDNF= Brain-Derived Neurotrophic Factor; LPS=
Lipopolysaccharide; PBMCs= Peripheral Blood Mononuclear Cells; IL-6= Interleukine-6; TNF-a= Tumor
Necrosis Factor alpha; BF = Body Fat; LST= Lean Soft Tissue;VAT= visceral adipose tissue. Bold p-value
represents significance <5%.

The relationship between TNF-a in PBMCs and training volume became non-
significant after the adjustments made. In such a model, even non-significant, the main variable

was LST, affecting TNF-a concentrations in a moderate magnitude (Table 4).
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Table 4. Adjusted relationship between training volume (sports participation) and immune

response among adolescents (N= 30).

Linear regression (Outcome: PBMC-TNF-a [pg/ml])

Variables Unstandardized coefficient Standardized coefficient
(B) ( 7 ) Effect-size p-Value
Independent Variable
Training volume (min) -0.565 -0.024 Trivial 0.970
Covariates
PHV (years) 167.035 0.176 Small 0.456
BF (%) 6.715 0.039 Trivial 0.878
LST (g) -0.030 -0.41] Moderate 0.534
Sex (1boy/2girl) 4.969 0.001 Trivial 0.996

Note. PHV= peak of height velocity; LST= lean soft tissue; SEM= standard-error of mean; TNF-o= Tumor
Necrosis Factor alpha; PBMCs= Peripheral Blood Mononuclear Cells.

Discussion

The main result of this cross-sectional study is that adolescents engaged in regular sports
practice (swimmers) exhibited lower % relative change (A) in whole-blood for IL-6 (p-value =
0.019) and TNF- a (p-value= 0.002) production following LPS stimulation than the adolescents
non-engaged in regular sports (control). Additionally, TNF-a concentration in PBMCs
stimulated with LPS was lower in swimmers’ group as well (p-value= 0.029). To the best of
our knowledge, this is the first study to investigate the role of sports participation during
adolescence in systemic and cellular immune response.

These findings corroborate previous literature, which shows that the chronic adaptations
promoted by regular physical exercise can enhance regulatory mechanisms of immune
responsiveness by affecting both systemic and cellular cytokine production (Minuzzi et al.,
2019; Morgado et al., 2012; Perkins et al., 2020; Rosa-Neto et al., 2022; Theall et al., 2021).
However, the most previous findings rely on studies with adults (Duggal et al., 2019; Minuzzi
et al., 2025) and adolescence is an important time during growth when the hormonal changes
that occur during puberty lead to changes that may affect immune system as well and influence
responsiveness to exercise (Du; Song; Tang, 2024; Haapala et al., 2023; Ucciferri; Dunn, 2022).
A study investigating the plasma inflammatory cytokine acute response to high intensity

exercise in adolescent versus adult male swimmers showed increased plasma concentration of
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IL-6 and TNF- a in adults, but non-significant changes in adolescents exposed to the same
exercise stimulus(Sanderson et al., 2020). Although previous investigation in elite swimmers
have demonstrated that long-term intensive training impairs cytokine production and immune
cell function (Morgado et al., 2012), those findings emphasized immune suppression that may
increase susceptibility to upper respiratory symptoms, rather than a more regulated immune
system as hypothesized in the present study. It is also important to note that Morgado et al.
(2012), did not control for maturation status, and their control group was older than in our study,
which should be considered a limitation given the implications of developmental stage for
immune adaptations. Thus, these findings highlight the importance of exploring the immune
responses related to exercise during adolescence to better elucidate their implications (Khalafi
et al., 2024).

On the other hand, the role of body composition and physical inactivity are well known
as main contributors for low-grade inflammation, which underlies the development of
cardiometabolic diseases and may affect the immune responsiveness (Duggal et al., 2019;
Haapala et al., 2022; Hotamisligil, 2017; Pedersen; Febbraio, 2012; Rosa-Neto et al., 2022). In
accordance with that, our findings suggest that during adolescence body composition may affect
the immune outcomes as well and the sports participation may play a key role in this relation.
Despite any differences between swimmers and the control group for BMI, adolescents not
engaged in regular sports exhibited statically higher BF and VAT and significantly lower LST
(Table 1). Such results align with literature which already demonstrated the importance of
sports participation to maintain physical fitness during adolescence (Cayres-Santos et al., 2020;
Ubago-Guisado et al., 2017; Van Sluijs et al., 2021).

Moreover, whereas the adipokine leptin was not statically different between swimmers
and controls in this study, its serum concentration in adolescents was positively correlated with
both BF (r= 0.824; p-value= <0.001), and VAT (r= 0.740; p-value= 0.009). It is important to
note that leptin secretion is proportional to adipose tissue mass and exerts pro-inflammatory
effect, enhancing monocyte activation and increasing cytokine production (Kiernan; Maclver,
2021; Zhang et al., 1994). This adipokine has already been linked to chronic low-grade
inflammation and elevated risk for diseases (Ahima; Flier, 2000; Pérez-Pérez et al., 2020).
Thus, our findings suggest that leptin may play an influential role in the immune responsiveness

of the control group, since they exhibited higher BF and VAT compared with swimmers. This
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is important because highlighting the importance of maintaining lower adiposity during
adolescence may help to prevent early immune dysregulation (Calcaterra et al., 2022; Haapala
etal., 2022; Juonala et al., 2011) .

Serum cortisol was significantly lower in swimmers compared with controls, as
expected, since regular physical exercise exerts a regulatory effect on the hypothalamic-
pituitary-adrenal (HPA) axis (De Nys et al., 2022; Stranahan; Lee; Mattson, 2008). This is
physiologically relevant because elevated cortisol is associated with chronic low-grade
inflammation and increased adiposity, particularly visceral fat (Liu et al., 2015; Rosmond,
2005). Furthermore, cortisol has catabolic effects on skeletal muscle, impairing lean mass
accretion (Ferrando et al., 1999). However, the literature remains unclear about basal
concentration of cortisol related to sports training. A systematic review investigating cortisol
level in athletes and non-athletes highlighted that, although cortisol concentration in athletes
may vary according to sex, training load, or competitive level, no consistent difference was
observed overall between athletes and non-athletes (Cevada et al., 2014). Despite the role of
basal cortisol related to sports participation remains inconclusive in the literature, the difference
of hormonal cortisol observed in the swimmers when compared to controls are consistent with
the physiological rationale that explains the findings of this study, whereas adolescents not
engaged in regular sports exhibited greater adiposity (whole-body and visceral), lower LST,
and an exacerbated systemic and cellular cytokine production.

In addition, body composition parameters were statistically correlated with sports
training variables (volume and intensity) and shed light in one of the strengths of this study,
which is objective assessment of sports training through swimming practice monitoring using
a HR sensor. Training volume and intensity was more accurate than in studies relying on self-
reported training variables from athletes, coaches or questionnaires, which are prone to
overestimating training load (Olds et al., 2019; Prince et al., 2008). Nevertheless, BF and VAT
were negatively associated with Weekly volume (min) and MVPA (min/day), and LST was
positively associated. These correlations were expected in this study and align with established
exercise physiological mechanisms (Romijn et al., 1993; Smith et al., 2023). Regular physical
exercise stimulates lipolysis and fatty acid oxidation, leading to preferential mobilization of
visceral fat depots and reductions in adiposity (Laurens et al., 2020). Moreover, the role of

physical exercise during adolescence, which is in accordance with our findings, demonstrated
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reduced values for VAT (Lee; Lee, 2021; Lee et al., 2013; Meng et al., 2022). Although the
positive association of LST with training volume and MVPA rely on the capacity of physical
exercise to enhance anabolic pathways such as mTOR, which contributes to protein synthesis
(Bodine et al., 2001; Jones et al., 2021).

Conversely, TNF-a concentration in PBMCs stimulated with LPS was negatively
associated to LST (r= -0.403; p-value= 0.027) and training volume (r = - 0.389; p=value=
0.034). Thus, we explored the relationship between training volume and TNF-o in PBMCs
stimulated with LPS. After adjusting the model for PHV, sex, BF and LST, the association
became non-significant; but the effect size for LST (r= - 0.411) remained moderate. This result
highlights the role of skeletal muscle as endocrine organ and its capacity in modulate the anti-
inflammatory response and counteract the pro-inflammatory effects associated to the adipose
tissue, which is affected by nowadays lifestyle, as unbalanced diet and physical inactivity (Fan;
Evans, 2017; Hawley et al., 2014; Li et al., 2017; Pedersen, 2009; Pedersen; Brandt, 2010).

Although our study provides new evidence regarding the role of sports participation and
the systemic and cellular immune response during adolescence, some limitations should be
acknowledged. First, the cross-sectional design, whereas a longitudinal approach would be
important to capture changes during the growth period. Dietary intake was not assessed, and
anti-inflammatory cytokines such as Interleukin-10 (IL-10) were not explored. In addition, sex
differences were not analysed due to the small number of female participants in both groups,
and accelerometer was not used to objectively assess habitual physical activity and sedentary
behaviour of the adolescents. Nevertheless, the strengths should be addressed as well. Despite
the already mentioned objective assessment of training load, athlete data were collected mid-
season to minimize significant fluctuations in body composition typically observed across the
competitive cycle and the control for flu-like symptoms and the use of medications prior to
blood collection. Finally, groups were homogenous for maturation and BMI, reducing potential

confounding.

Conclusion

In conclusion, the main result of this cross-sectional study is based on the finding that
even in the early years of life, adolescents engaged in regular sports training (swimmers) exhibit
enhanced regulatory mechanisms of immune responsiveness compared with non-athletes

matched for age, maturation, and BMI.
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This suggests that sports training during adolescence, despite the contribution to a
healthier body composition and enhanced muscle mass accrual during adolescence, may play a
protective role against the development of chronic low-grade inflammation and metabolic
dysfunction, which are strongly linked to the development of cardiovascular disease, type 2

diabetes, and cancer later in life.
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5 CONCLUSAO DA TESE

Confirmando nossa hipdtese inicial, o engajamento em atividades esportivas de maior

intensidade parece benéfico para o controle do perfil lipidico de adolescentes, porém alguns

aspectos merecem destaque:

As melhorias observadas parecem ocorrer de maneira mais consistente entre meninos
do que meninas, embora os resultados apresentados nos levem a crer que as diferengas
entre sexos parecem mais influenciadas pelo nimero reduzidos de meninas do que por

uma eventual menor sensibilidade as adaptagdes decorrentes da pratica de exercicios;

Os determinantes das mudangas no perfil lipidico parecem influenciados pelo sexo.
Aumentos no tecido muscular parecem assumir um papel mais decisivo no sexo
feminino, as passo que reduc¢des no tecido adiposo e maior participagdo em atividades
esportivas vigorosas foram os determinantes de maior importincia fendémeno

observado.

Da mesma forma, a pratica esportiva (natacdo) parece capaz de modular positivamente

a resposta imune sistémica e celular de adolescentes:

A producido de citocinas pro-inflamatérias foi menor entre o grupo de nadadores, um
fendmeno que pareceu influenciado pelo maior volume de treino e massa muscular dos

nadadores, embora a massa muscular pareca ser mais relevante nesse processo.

Por fim, em resumo, a participag@o esportiva parece importante para prevenir desfechos

relacionados ao surgimento de doengas cardiovasculares e metabodlicas ao longo da vida. Apesar

de diferencas entre meninos e meninas, O engajamento esportivo parece contribuir

positivamente em componentes da composicdo corporal, perfil lipidico e inflamatério de

adolescentes de ambos 0s sexos.
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7 APENDICE

7.1 Aprovagao ética ABCD — Growth Study

UNESP - FACULDADE DE
CIENCIAS E TECNOLOGIA DO Ww
CAMPUS DE PRESIDENTE
PRUDENTE

PARECER CONSUBSTANCIADO DO CEP
DADOS DA EMENDA

Titulo da Pesquisa: ANALISE DE COMPORTAMENTOS DE ADOLESCENTES DURANTE O
Pesquisador: ROMULO ARAUJO FERNANDES

Area Tematica:

Versao: 4

CAAE: 57585416.4.0000.5402

Instituicao Proponente: UNIVERSIDADE ESTADUAL PAULISTA JULIO DE MESQUITA FILHO
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 5.530.631

Apresentacao do Projeto:

Estudo com adolescentes de 11 a 20 anos, continuagdo de estudo ja submetido e aprovado pelo CEP em
2016. Novas coletas serdo realizadas em 2022, 2023 e 2024. Projeto bem redigido, com introdugao que
permite entender o estado da arte sobre as variaveis comportamentais e variaveis metabdlicas,
cardiovasculares, inflamatéria e de crescimento em adolescentes. Metodologia apresentada de forma que
permite o leitor e o CEP compreender e identificar os riscos e beneficios do estudo, assim como seus
principais objetivos. Projeto bem referenciado.

Objetivo da Pesquisa:

Identificar o efeito de variaveis comportamentais sobre o comportamento de variaveis metabdlicas,
cardiovasculares, inflamatérias e de crescimento fisico entre adolescentes.

Avaliacao dos Riscos e Beneficios:

Riscos identificado, porém, minimos.

Beneficios: realizagdo dos exames com resultados apresentados e orientagdes sobre estilo de vida
saudavel.

Comentarios e Consideracoes sobre a Pesquisa:
A pesquisa é uma continuagdo de pesquisa ja aprovada pelo CEP em 17/05/2016. Foram incluidos novo
projeto, termos de autorizagé@o de uso de espaco e justificativa da prorrogagao.

Endereco: Rua Roberto Simonsen, 305 ¢, Faculdade de Ciéncia e Tecnologia da Unesp ¢, Prédio da Administragéo ¢, Sl 04

Bairro: Centro Educacional CEP: 19.060-900
UF: SP Municipio: PRESIDENTE PRUDENTE
Telefone: (18)3229-5315 Fax: (18)3229-5300 E-mail: cep.fct@unesp.br
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Recomendagdes:
o foi
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Aprovado.
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Em reunido realizada no dia 15.07.2022, o Comité de Etica em Pesquisa da Faculdade de Ciéncias e
Tecnologia - Unesp - Presidente Prudente, em concordancia com o parecerista, considerou o projeto
APROVADO.

Obs: Lt que isas que se er na a0 466/12 devem apresentar relatorio parcial
efinal, e isas que se enqt na a0 510/16 devem apresentar relatoério final.
Este parecer foi nos abaixo
Tipo Documento Arquivo Postagem Autor Situagdo
Informagdes Basicas| PB_INFORMAGCOES_BASICAS_192447| 06/07/2022 Aceito
do Projeto 9 E1.pdf 11:17:31
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Justificativa de
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7.2 Registro Brasileiro de Ensaios Clinicos

Link para acessar: https://ensaiosclinicos.gov.br/rg/RBR-43vbh6b

RBR-43vbhéb Analysis of the effect of behavioral variables on the pattern of metabolic, cardiovascular and inflammation

of physical ...
Date of registration: 02/14/2023 (mm/dd/yyyy)
Last approval date : 02/14/2023 (mm/dd/yyyy)

Study type:
Observational

Scientific title:

Trial identification

e UTNcode: U1111-1288-4727
¢ Publictitle:

Sponsors

¢ Primary sponsor: Universidade Estadual Paulista Julio de Mesquita Filho

Secondary sponsor:
o Institution: Faculdade de Ciéncias e Tecnologia - UNESP / Campus de Presidente Prudente

e | Supporting source:

o Institution: Fundagdo de Amparo a Pesquisa do Estado de Sao Paulo - FAPESP
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Health conditions

e Health conditions:

¢ General descriptors for health conditions:

¢ Specific descriptors:
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¢ Interventions:

e Descriptors:
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Recruitment

e Study status: Recruiting

[oN

CIENCIAS DO MOVIMENTO
PROGRAMA DE POS-GRADUAGAO

e | Countries

o Brazil

o Date first enrollment: 08/10/2022 (mm/dd/yyyy)

Target sample size: Gender: Minimum age: Maximum age:

236 - 11Y 20Y

¢ Inclusion criteria:

e Exclusion criteria:
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Outcomes

¢ Primary outcomes:

e Secondary outcomes:

Contacts

¢ | Publiccontact
o Full name: R6mulo Aratjo Fernandes
o = Address: Rua Roberto Simonsen, 305
= City: Presidente Prudente / Brazil
= Zip code: 19060-900
o Phone: +55(18)3229-5388
o Email: romulo.a.fernandes@unesp.br
o Affiliation: Universidade Estadual Paulista Julio de Mesquita Filho

¢ | Scientific contact
o Full name: Rémulo Aradjo Fernandes
o = Address: Rua Roberto Simonsen, 305
= City: Presidente Prudente / Brazil
= Zip code: 19060-900
o Phone: +55(18)3229-5388
o Email: romulo.a.fernandes@unesp.br
o Affiliation: Universidade Estadual Paulista Julio de Mesquita Filho

* | Site contact

o Full name: Rémulo Aratjo Fernandes

o = Address: Rua Roberto Simonsen, 305
= City: Presidente Prudente / Brazil
= Zip code: 19060-900

o Phone: +55(18)3229-5388

o Email: romulo.a.fernandes@unesp.br

o Affiliation: Universidade Estadual Paulista Julio de Mesquita Filho
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8.1 Carta convite para participa¢io no ABCD-Growth Study

\/
AAvav  UNIVERSIDADE ESTADUAL PAULISTA

u nesp " 90ULIO DE MESQUITA FILHO”

Campus de Presidente Prudente

CARTA CONVITE
Caro Pai, Mae ou Responsével legal,

Meu nome ¢ Romulo Fernandes, professor de Educagao Fisica da Universidade Estadual Paulista
— UNESP, em Presidente Prudente. O motivo do senhor(a) receber esta carta convite é porque o
adolescente sob sua responsabilidade foi convidado a participar de nossa pesquisa: “Analise do
comportamento de criangas ao longo do crescimento”.

Nesta pesquisa, nossas avaliagdes serdo realizadas apenas uma vez no ano (a proxima avaliagdo
sera dentro de doze meses), envolvem medidas de ganho de peso corporal e altura, crescimento do
esqueleto e do sistema cardiovascular, bem como coleta de sangue feita por enfermeira. Estas medidas
sdo realizadas dentro da UNESP por pessoal treinado, tomando total cuidado para ndo causar qualquer
tipo de desconforto ao adolescente. Apods as analises nos comprometemos a preparar um relatorio
individual do jovem, que sera entregue ao senhor(a). Este relatorio ¢ muito interessante para acompanhar
o crescimento e desenvolvimento do jovem, bem como, se ele pratica atividade fisica suficiente. Destaco
que ndo cobraremos nada por tais avaliagdes, pois somos uma universidade publica, mantida com
impostos estaduais.

Maiores informagdes sobre como nos contatar sobre qualquer divida podem ser encontradas nos

documentos que foram entregues aos jovens. Por favor, nos contate sobre qualquer davida.

Obrigado,
Romulo Aratjo Fernandes

Professor de Crescimento e

besenvolvimento da UNESP

Faculdade de Ciéncias e Tecnologia

Departamento de Educagéo Fisica

Rua Roberto Simonsen, 305 CEP 19060-900
Presidente Prudente SP

Tel 18 3229-5710 fax 18 3221-5681 depedfisica@fct.unesp.br
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8.2 Termo de consentimento

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Titulo da Pesquisa: “Analise de Comportamentos de Adolescentes Durante o Crescimento”
Nome do Pesquisador: Prof. Dr. Romulo Aratjo Fernandes

O seu filho(a) estd sendo convidado (a) a participar desta pesquisa que tem como finalidade
identificar a relacdo da atividade fisica com a saiide e o crescimento de jovens. Participardo
da pesquisa, adolescentes de ambos os sexos e idade entre 11 e 20 anos. Ao participar deste estudo,
o sr(a) permitira que o seu filho (a): seja entrevistado (preencha questionarios), tenha a pressao
arterial aferida, peso / estatura medidos, participe de uma coleta sanguinea, exame de ultrassom e
uma espécie de radiografia de todos os ossos do corpo realizado na UNESP. Além disso, o jovem
utilizard um relégio por um periodo de sete dias, o qual contara o numero de passos dados ao
longo do dia. Todas estas avaliagdes e entrevistas serdo realizadas em, no maximo, trés dias
(méaximo 30 minutos por dia) e serdo feitas apenas uma vez por ano. Pretende-se acompanha-lo
anualmente. O jovem sob sua responsabilidade tem total liberdade de se recusar a participar do
estudo, sem sofrer qualquer tipo de prejuizo. Além disso, sempre que quiser, poderd pedir mais
informagdes sobre a pesquisa através do telefone do pesquisador do projeto e, se necessario
através do telefone do Comité de Etica em Pesquisa.

O (a) sr(a) ndo tera nenhum tipo de despesa para participar desta pesquisa, bem como, nada sera
pago pela participagido do jovem. Os Unicos riscos envolvidos na participagao deste estudo estdo
relacionados a possibilidade de desconforto durante a coleta de sangue. Os procedimentos
adotados nesta pesquisa obedecem aos Critérios da Etica em Pesquisa com Seres Humanos
conforme Resolucdo no. 196/96 do Conselho Nacional de Saude. Nenhum dos procedimentos
usados oferece riscos a sua dignidade.

Todas as informagdes coletadas neste estudo sdo estritamente confidenciais. Somente o
pesquisador e seu orientador terdo conhecimento da identidade do jovem e nos comprometemos
a manté-la em sigilo ao publicar os resultados dessa pesquisa. O sr(a) recebera posteriormente os
resultados de todos os exames feitos pelo jovem. O pesquisador se compromete a divulgar os
resultados obtidos, respeitando-se o sigilo das informagdes coletadas, conforme previsto no item
anterior.

Apobs estes esclarecimentos, solicitamos o seu consentimento de forma livre permitindo a
participagdo do jovem sob sua responsabilidade na pesquisa. Portanto preencha, por favor, os
itens que se seguem: Confirmo que recebi copia deste termo de consentimento, e autorizo a
execugdo do trabalho de pesquisa e a divulgagao dos dados obtidos neste estudo. Por favor, nao
assine esse termo se ainda tiver divida a respeito.

Consentimento Livre e Esclarecido
Tendo em vista os itens acima apresentados, eu, de forma livre e esclarecida, manifesto meu
consentimento em participar da pesquisa:

Adolescente: DATA: /]
TELEFONE RESIDENCIAL: CELULAR: E-MAIL:
Assinaturas:

Responsavel pelo Participante Pesquisador Orientador

Pesquisador: Prof. Dr. Romulo Arajo Fernandes Telefone: 3229-5712
Coordenadora do Comité de Etica em Pesquisa: Profa. Dra. Edna Maria do Carmo
Vice-Coordenadora: Profa. Dra. Andréia Cristiane Silva Wiezzel

Telefone do Comité: 3229-5315 ou 3229-5526

E-mail cep@fct.unesp.br
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8.3 Termo de assentimento
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u nesp " 40LI0 DE MESQUITA FILHO”
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TERMO DE ASSENTIMENTO
(No caso do menor entre 11 a 17 anos)

Vocé esta sendo convidado (a) como voluntério (a) a participar da pesquisa “ANALISE
DE COMPORTAMENTOS DE ADOLESCENTES DURANTE O
CRESCIMENTO”. Nesta pesquisa pretendemos identificar a relacdo da atividade
fisica com a saide e o crescimento de jovens. O motivo que nos leva a estudar esse
assunto sdo decorrentes aos beneficios que a pratica esportiva entre criangas e
adolescentes pode proporcionar a saiude, e evitar também a adocido de
comportamentos de risco durante a juventude. Para esta pesquisa adotaremos o(s)
seguinte(s) procedimento(s): entrevista (preenchimento de questiondrios), medida a
pressdo arterial, peso / estatura, coleta sanguinea, exame de ultrassom e uma espécie de
radiografia de todos os ossos do corpo realizado na UNESP. Além disso, o jovem utilizara
um relégio por um periodo de sete dias, o qual contara o nimero de passos dados ao longo
do dia. Todas estas avaliagGes e entrevistas serdo realizadas em, no maximo, trés dias
(maximo 30 minutos por dia) e serdo feitas apenas uma vez por ano. Pretende-se
acompanha-lo anualmente.

Para participar desta pesquisa, o responsavel por vocé devera autorizar e assinar o termo
de consentimento livre e esclarecido. Vocé nao tera nenhum custo, nem recebera qualquer
vantagem financeira. Vocé seré esclarecido (a) em qualquer aspecto que desejar e estara
livre para participar ou recusar-se. O responsavel por vocé podera retirar o consentimento
ou interromper a sua participa¢do a qualquer momento. A sua participac¢do € voluntaria e
a recusa em participar ndo acarretara qualquer penalidade ou modificagdo na forma em
que ¢ atendido (a) pelo pesquisador que ira tratar a sua identidade com padrdes
profissionais de sigilo. Esta pesquisa ndo apresenta risco ao voluntario. Os resultados
estardo a sua disposicdo quando finalizada. Os dados e instrumentos utilizados na
pesquisa ficardo arquivados com o pesquisador responsavel por um periodo de 5 anos, e
apos esse tempo serdo destruidos. Este termo de consentimento encontra-se impresso em
duas vias: uma via sera arquivada pelo pesquisador responsavel, e a outra sera fornecida
a vocé. Os pesquisadores tratardo a sua identidade com padrdes profissionais de sigilo,
atendendo a legislagao brasileira (Resolugao N° 466/12 do Conselho Nacional de Saude),
utilizando as informagdes somente para os fins académicos e cientificos.

Eu, , portador (a) do
documento de Identidade (se ja tiver documento), fui
informado (a) dos objetivos da presente pesquisa, de maneira clara e detalhada e esclareci
minhas duvidas. Sei que a qualquer momento o meu responsavel podera modificar a
decisdo de participar se assim o desejar. Tendo o consentimento do meu responsavel ja
assinado, declaro que concordo em participar dessa pesquisa. Recebi uma copia deste
termo de assentimento e me foi dada a oportunidade de ler e esclarecer as minhas duvidas.

Presidente Prudente, de de20 .

Assinatura do (a) menor
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Assinatura do (a) pesquisador (a)

Em caso de duvidas com respeito aos aspectos éticos desta pesquisa, vocé podera
consultar:

Pesquisador Responsavel: Prof. Dr. Romulo Aratijo Fernandes
Fone: 3229-5712
E-mail: romulo@fct.unesp.br

Coordenadora do Comité de Etica em Pesquisa: Profa. Dra. Edna Maria do Carmo
Vice-Coordenadora: Profa. Dra. Andréia Cristiane Silva Wiezzel

Telefone do Comité: 3229-5315 ou 3229-5526

E-mail cep@fct.unesp.br
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