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RESUMO
Introducao: Os efeitos do exercicio fisico sobre a saude cardiometabdlica de criangas e
adolescentes tém sido investigados a fim de identificar e melhorar parametros de satde que
estao relacionados a diversos fatores de risco. O objetivo do estudo foi realizar uma revisao
sistematica com metanalise no intuito de avaliar os efeitos do exercicio fisico supervisionado
e estruturado sobre saude cardiometabolica de criancas e adolescentes. Materiais e
métodos: A revisao foi conduzida de acordo com as recomendagdes Cochrane e registrada
na plataforma PROSPERO. Para a selecao dos artigos foram utilizadas as plataformas de
busca Embase, Cochrane, Pubmed e Scopus, em junho de 2022. Trés pesquisadores
independentes selecionaram os artigos que comparassem uma intervencao de exercicio fisico
supervisionado e estruturado com um grupo controle de criangas e adolescentes de 6 a 17
anos, € que avaliassem as seguintes variaveis: dilacdo mediada por fluxo (FMD), velocidade
de onda de pulso tornozelo-braquial (baPWV), pressdo arterial sistolica e diastolica (SBP e
DBP), colesterol total (TC), lipoproteinas de alta- e baixa-densidade (HDL e LDL) e a razao
cintura-estatura (WtHR). A métrica escolhida para apresentacdo dos resultados foi a
diferenga média padronizada (Standardized Mean Difference - SMD) e os cédlculos foram
realizados utilizando efeitos randdmicos. Forest plots foram gerados para apresentar os
efeitos agrupados das intervengdes (SMD) para cada varidvel, bem como os limites
inferiores e superiores do intervalo de confianca 95% (IC 95%). A heterogeneidade
estatistica dos efeitos das intervengdes entre os estudos foi avaliada usando os testes Q de
Cochran e I? para inconsisténcias, sendo considerados valores elevados de heterogeneidade
quando I? > 50%. Adicionalmente, andlises de sensibilidade para verificar a influéncia do
sexo (andlise incluindo ambos os sexos, meninas € meninos) e Tipo de exercicio (Aerdbico,
HIIT [Treinamento Intervalado de Alta-Intensidade], Combinado, Forca e Esporte).
Também foram conduzidas metarregressdes para avaliar possiveis moderadores dos efeitos
do exercicio fisico sobre a satide cardiometabélica incluindo as varidveis Indice de massa
corporal (IMC), Idade cronolégica, frequéncia semanal de treinamento, duragdo da sessdo e
duracdo da intervengdo. Valores de P<0.05 foram considerados significativos. Resultados:
As intervencdes de exercicio fisico supervisionado e estruturado melhoram
significativamente a baPWV, SBP, HDL, LDL e WtHR. Na anélise geral, ndo foram
encontradas melhoras significativas no TC e DBP. Quando analisamos os sexos de forma
isolada, a SBP apresentou reducdo significativa somente nos subgrupos ambos os sexos e
meninas. Em contrapartida, para o HDL foram encontrados aumentos significativos quando

foram analisados os subgrupos ambos 0s sexos € meninos, € para as concentra¢des de LDL



foi encontrada uma redugdo significativa no subgrupo meninos. Quando os tipos de exercicio
foram analisados separadamente, reducdes significativas foram estabelecidas para o
subgrupo Aerdbico na SBP e subgrupos Aerdbico e HIIT para LDL. Idade cronolégica e
IMC foram consideradas variaveis moderadoras do efeito do exercicio sobre a SBP,
enquanto o IMC moderou os efeitos sobre HDL. Além disso, IMC e duracao da intervengao
moderaram os efeitos do exercicio sobre WthR. Conclusao. Intervengdes de exercicio fisico
supervisionado e estruturado apresentaram efeitos positivos sobre indicadores de saude
cardiometabolica de criancas e adolescentes, especialmente os tipos de exercicio aerdbico e
HIIT, e IMC, idade cronoldgica e a duracdo da intervengao sao varidveis moderadoras do
efeito positivo do exercicio.

Palavras-chave: Saide cardiometabdlica; rigidez arterial; funcdo endotelial; criancas.



ABSTRACT

Introduction: The effects of physical exercise on the cardiometabolic health of children and
adolescents have been investigated to identify and improve health parameters that are related
to several risk factors. This systematic review and meta-analysis aimed to analyze the effects
of supervised and structured physical exercise on the cardiometabolic health of children and
adolescents. Methods: The review was conducted in accordance with Cochrane
recommendations and recorded on the PROSPERO platform. For the selection of articles,
the search platforms Embase, Cochrane, Pubmed and Scopus were used in June 2022. Three
independent researchers selected articles that compared a supervised and structured physical
exercise intervention with a control group of children and adolescents aged 6 to 17 years,
and that evaluated the following variables: flow-mediated dilation (FMD), Brachial-ankle
pulse wave velocity (baPWV), systolic and diastolic blood pressure (SBP and DBP), total
cholesterol (TC), high- and low-density lipoproteins (HDL and LDL) and the waist-to-height
ratio (WtHR). The results are presented as standardized mean differences and calculations
were performed using random effects models. Statistical heterogeneity of treatment effects
among studies was evaluated by Cochran Q test and the I?> inconsistency test; it was
considered that values >50% indicated high heterogeneity. In addition, sensitivity analyses
were conducted to investigate the possible influence of randomization process in the
included studies, the progression in training variables. In addition, sensitivity analyses were
conducted to investigate the possible effect of sex (only boys, only girls or both sexes) and
types of the exercise intervention (aerobic, combined, high-intensity interval training [HIIT],
sport and strength) in the observed adaptations. Also, meta-regressions were performed to
investigate possible moderators of the training effect on the target outcomes: chronological
age, BMI, weekly training frequency, follow-up duration and session duration. Values of P
< .05 were considered statistically significant. Results: Supervised and structured physical
exercise interventions significantly improve baPWV, SBP, HDL, LDL and WtHR. In the
general analysis, no significant improvements were found for TC and DBP. When we
analyzed the sexes separately, the SBP showed a significant reduction only in both sexes
and only girls’ categories. In contrast, for HDL, significant increases were found when both
sexes and only boys’ categories were analyzed, and for LDL concentrations, a significant

reduction was found in the for only boys.



When the types of exercises were analyzed separately, significant reductions were found for
the aerobic category on SBP and aerobic and HIIT categories for LDL. Chronological age
and BMI were considered moderating variables of the effect of exercise on SBP, while BMI
moderated the effects on HDL. Furthermore, BMI and follow-up duration moderated the
effects of exercise on WthR. Conclusion: Supervised and structured physical exercise
interventions promoted improvements on the cardiometabolic health of children and
adolescents, especially the aerobic and HIIT types of exercise. BMI, chronological age and
duration of intervention are variables that moderate the positive effect of exercise.

Keywords: Cardiometabolic health; arterial stiffness; endothelial function; children.
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1. APRESENTACAO DA TESE

1.1. INTRODUCAO

A saide cardiometabdlica refere-se a satde cardiovascular (coragdo e vasos
sanguineos) e saude metabdlica (auséncia de resisténcia a insulina, dislipidemia e pressao
arterial alta)(STEFAN; SCHICK; HARING, 2017), e o seu estudo na populagdo
pedidtrica vem recebendo aten¢do devido as alteragdes em fatores de risco
cardiometabdlicos (CMRF) que geralmente deveriam ocorrer na idade adulta, mas
atualmente tem ocorrido precocemente na infancia e adolescéncia (CANAS; SWEETEN;
BALAGOPAL, 2013; JUONALA; VIIKARI; RAITAKARI, 2013). Esta populagdo estd
sendo acometida por CMRF cada vez mais cedo, e isto deve-se a fatores ambientais,
genéticos e comportamentais, que consequentemente podem desencadear aumentos nos
niveis de sobrepeso e obesidade, aumento do sedentarismo, desencadear hdbitos
alimentares inapropriados e o desenvolvimento de doencas cronicas (JI; NING; DUAN;
KAPRIO et al.,2014). Segundo a Organizacdo Mundial de Sadde, estimou que em 2016,
mais de 340 milhdes de criangas e adolescentes com idades entre 5 e 19 anos
apresentavam sobrepeso ou obesidade (BULL; AL-ANSARI; BIDDLE; BORODULIN
et al., 2020) e tendéncia de diminuicdo da aptidao cardiorrespiratéria (TOMKINSON;
LANG; TREMBLAY, 2019).

Entre os parametros mais utilizados para a identificacdo de riscos a saude
cardiometabdlica e que sistematicamente vem apresentado valores anormais na
populacdo pediétrica, podemos citar a pressao arterial sistélica (SBP) e diastélica DBP),
colesterol total (TC) e lipoproteinas de alta e baixa-densidade (LDL), glicemia, aptidao
cardiorrespiratoria, indice de massa corporal (IMC), bem como a razao cintura-estatura
(WtHR) (CANAS; SWEETEN; BALAGOPAL, 2013; CANDELINO; TAGI;
CHIARELLI, 2022; DE FERRANTI; STEINBERGER; AMEDURI; BAKER et al.,
2019; RODGERS; JONES; BOLLEDDU; VANTHENAPALLI et al., 2019; TRAN;
URBINA, 2020). Adicionalmente, preditores de eventos cardiovasculares como a fun¢ao
endotelial e rigidez arterial, que podem ser avaliados através da dilatacdo mediada por
fluxo (FMD) e a velocidade de onda de pulso (PWV) tém sido considerados importantes
indicadores da funcdo vascular (BONETTI; LERMAN; LERMAN, 2003;
CELERMAIJER, 1992; CORREIA; HAYNES, 2007; HANSSEN, 2022) e
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consequentemente preditores de saide cardiometabdlica (DA SILVA; DA SILVA;
WACLAWOVSKY; SCHAUN, 2022; TOMIYAMA; YAMASHINA, 2018). Estes
indicadores sdo essenciais para a detec¢do de disfuncdo endotelial, que além de estar
relacionada ao inicio do aparecimento de doencas cardiovasculares € considerado o
primeiro passo para o desenvolvimento de aterosclerose, que pode ser definida como um
processo inflamatorio cronico e degenerativo que acomete os vasos (acimulo de lipidios,
célular inflamatorias e elementos fibrosos) e pode ter seu inicio durante a infincia e
adolescéncia (STRONG; MCGILL, 1969). Ou seja, tendo em vista que as alteragdes nos
indicadores de saide tém se manifestado precocemente, torna-se necessario identificar se
criancas e adolescentes ja estdo expostos a esses CMRF e promover estratégias para
melhorar a saide desta populacdo, a fim de prevenir o desenvolvimento de doengas
cronicas e eventos cardiovasculares futuramente (LITWIN, 2018).

O exercicio fisico é uma estratégia ndo-farmacoldgica para melhorar os CMRF,
pois além de ser essencial para um crescimento e desenvolvimento saudédvel de criangas
e adolescentes, melhora os niveis de aptidao e atividade fisica, bem como a sadde
cardiometabdlica. Entretanto, os efeitos do exercicio fisico sobre a funcdo endotelial e
rigidez arterial ainda sdo pouco explorados, principalmente na populacdo pedidtrica
(CHENG:; SUN; YA; ZHOU et al.,2022; DIAS; GREEN; INGUL; PAVEY et al.,2015).
A recomendacgdo de atividade fisica mais recente, publicado pela Organizagao Mundial
da Sadde, recomenda que criancas/adolescentes de 6 a 17 anos realizem uma média de 60
minutos didrios de atividade fisica moderada a vigorosa para manter ou melhorar a saide
cardiometabdlica, incluindo exercicios aerdbicos, de for¢ca muscular e exercicios de
impacto (BULL; AL-ANSARI; BIDDLE; BORODULIN et al., 2020). Além disso, é
recomendado que o exercicio fisico prescrito para criancas e adolescentes seja estruturado
e supervisionado, principalmente quando for realizado treinamento de forca (DIAS;
GREEN; INGUL; PAVEY et al.,2015). Intervengdes de exercicio fisico com abordagens
multidisciplinares, ou seja, incluindo intervencdes nutricionais e de mudancgas de estilo
de vida sao consideradas eficazes na reducdo dos CMRF (GRACE; BIGGS; NAICKER;
MOSS, 2021; HO; GARNETT; BAUR; BURROWS et al., 2012; POZUELO-
CARRASCOSA; CAVERO-REDONDO; HERRAIZ-ADILLO; DIEZ-FERNANDEZ et
al., 2018). Entretanto, é importante compreender o papel do exercicio fisico
isoladamente, pois nesses estudos multidisciplinares, a dieta e as mudancas no estilo de

vida podem ser fatores de confusdo na interpretacao os resultados.
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Diversos efeitos positivos do exercicio fisico sobre os pardmetros de saide tém
sido reportados, mas ainda ndo estd claro quais os tipos de exercicio sdo mais efetivos
para melhorar a saide cardiometabdlica de criancas e adolescentes. Além disso, faltam
informacdes sobre os fatores moderadores dos efeitos do exercicio (sexo, idade
cronoldgica, indice de massa corporal e dos principios fundamentais do treinamento
como a frequéncia semanal, dura¢do da sessdo e duracdo da intervencdo) sobre a satide
cardiometabdlica. Adicionalmente, torna-se importante investigar os efeitos do exercicio
fisico sobre os parametros de saide cardiovascular (func@o endotelial e rigidez arterial)
devido a escassez de estudos que tenham analisado esses indicadores de sadde
cardiovascular nesta populacio.

Sendo assim, a presente revisdo sistemdtica e metandlise tem como objetivo
analisar os efeitos do exercicio fisico estruturado e supervisionado na sadde
cardiometabdlica de criangas e adolescentes. Adicionalmente, investigar o papel
moderador dos diferentes tipos de exercicio, sexo, IMC, idade cronoldgica, frequéncia
semanal, duracdo das sessdes e duracdo da intervengdo na saude cardiometabdlica desta

populacio.

1.2.  OBJETIVOS

Objetivo geral
e Verificar os efeitos do exercicio fisico supervisionado e estruturado na sauide

cardiometabdlica de criancas e adolescentes.

Objetivos especificos

e Verificar os efeitos do exercicio fisico supervisionado e estruturado na Dilatacao
Mediada por Fluxo e Velocidade de onda de Pulso de criancas e adolescentes;

e Verificar os efeitos do exercicio fisico supervisionado e estruturado na Pressao
Arterial Sist6lica e Diastélica de criangas e adolescentes;

e Verificar os efeitos do exercicio fisico supervisionado e estruturado no TC, LDL
e HDL de criangas e adolescentes;

e Verificar os efeitos do exercicio fisico supervisionado e estruturado na Razdo

Cintura-Estatura de criangas e adolescentes.
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e Verificar o efeito de varidveis potencialmente moderadoras (diferentes tipos de
exercicio, sexo, IMC, idade cronolégica, frequéncia semanal, duracdo das sessoes
e duracdo da intervengdo) dos efeitos do exercicio fisico sobre a sadde

cardiometabdlica.

1.3.  REVISAO DE LITERATURA

1.3.1. Saude cardiometabdlica de criancas e adolescentes

A satde cardiometabdlica de criangas e adolescentes pode ser afetada por diversos
CMREF, que estio relacionados ao desenvolvimento de doengas cardiometabdlicas na vida
adulta. Nesta revisdo de literatura, iremos abordar alguns dos principais componentes da
saude cardiometabdlica e suas alteragdes, bem como os efeitos do exercicio fisico sobre
a saude cardiometabdlica na populagdo pedidtrica. Salienta-se que neste estudo os termos
exercicio fisico supervisionado e estruturado, treinamento fisico, treinamento fisico-

esportivo serdo considerados intercambidveis.

1.3.2. Funcao endotelial

O endotélio é um epitélio de camada dnica que reveste o interior dos vasos
sanguineos e as cavidades do coragdo, essencial para a manuten¢do da homeostase do
corpo. Este tecido, além de servir como uma barreira entre o sangue e o tecido sélido, é
considerado um dos érgaos endrécrinos e metabdlicos mais importantes do corpo humano
(GODO; SHIMOKAWA, 2017; MICHIELS, 2003). Sendo ativo e dindmico, o endotélio
tem a¢des importantes como a manutencao da circulagdo sanguinea, regulacdo do tdénus
vascular, permeabilidade microvascular, sinalizacdo e angiogénese vascular e resposta
inflamatéria (KISELEVA; GLASSMAN; GREINEDER; HOOD et al., 2018; PAGAN;
GOMES; OKOSHI, 2018; STANEK; FAZELI; BARTUS; SUTKOWSKA, 2018). Este
tecido, como regulador do tdnus vascular, produz e libera mediadores da
contragdo/relaxamento dos casos, e o principal deles é o 6xido nitrico (do inglés: Nitric
Oxide, ON) (PAGAN; GOMES; OKOSHI, 2018; SOUZA JUNIOR; ASANO;
PRESTES; SALES et al., 2012). Sendo assim, o funcionamento normal e saudavel do
endotélio € um pré-requisito fundamental para o funcionamento do sistema
cardiovascular, e a perda da sua integridade (disfunc@o endotelial) estd relacionada a

diversas alteracdes vasculares que resultardao em doenca cardiovascular. A causa da lesao
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do endotélio pode ser uma consequéncia hemodinamica, como por exemplo o estresse de
cisalhamento na parede do vaso (sheer stress), quimica, como alteracdes no LDL ou
glicose, ou por fatores bioldgicos, como alteracdes imunes (STANEK; FAZELI,
BARTUS; SUTKOWSKA, 2018).

Uma das formas mais comuns e ndo-invasiva de avaliar a fun¢do endotelial é
através de um método denominado Dilatacio Mediada por Fluxo (FMD) da artéria
braquial, usualmente realizada por ultrasonografia, mensura a dilatagdo arterial durante a
hiperemia reativa pds-oclusiva. Esta isquemia transitéria provocada através de um
manguito de pressdo no braco provoca a liberagdo de 6xido nitrico pelo endotélio,
causando vasodilatacio compensatéria (CHIA; TEO; YEO, 2020; MUCKA;
MIODONSKA; JAKUBIAK; STARZAK et al.,2022). Quando ha disfunc¢do endotelial,
a quantidade de 6xido nitrico liberada ndo € capaz de gerar a vasodilatacao esperada
(CHIA; TEO; YEO, 2020). A biodisponibilidade deste potente dilatador pode ser afetada
pelo exercicio fisico, que € uma importante estratégia nado-farmacoldgica para melhorar a
fun¢do endotelial. O exercicio fisico aumenta o estresse de cisalhamento na parede dos
vasos de forma aguda devido ao aumento do fluxo sanguineo, aumentando a producao de
oxido nitrico de forma aguda e crénica. Visto que € relatado na literatura que uma redugao
de 1% na FMD aumenta o risco de doenga cardiovascular no futuro em 13% (INABA;
CHEN; BERGMANN, 2010), o exercicio fisico pode ser considerado uma importante
ferramenta para preservar as fungdes do endotélio e prevenir doencas cardiovasculares,
visto que ele pode aumentar e melhorar a dilatacdo vascular (GREEN; MAIORANA;
O'DRISCOLL; TAYLOR, 2004; SOUZA JUNIOR; ASANO; PRESTES; SALES et al.,
2012).

1.3.2.1. Efeitos de intervencdes de exercicio fisico na FMD

O estudo de Da Silva et al. (2020), analisou os efeitos de uma intervengao de 12
semanas de HIIT (corrida), realizado trés vezes na semana na FMD de adolescentes
obesas ou com peso normal e encontrou melhoras significativas apds a intervengao
comparadas ao grupo controle. Apesar do grupo obesas ter iniciado o treinamento com
uma fung¢ao endotelial reduzida (menor FMD), ambos os grupos melhoraram em torno de
4% (DA SILVA; WACLAWOVSKY; PERIN; CAMBOIM et al., 2020). Resultados
semelhantes foram encontrados no estudo de Chuensiri et al. (2018), que também
encontrou melhoras significativas na FMD apés intervengdes de 12 semanas de HIIT e

Supra-HIIT, realizado trés vezes por semana em cicloergdmetro com meninos obesos. Os
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aumentos foram de aproximadamente 2,2% para os grupos HIIT, que realizava 8 séries
de 2 minutos a 90% da poténcia maxima e Supra-Hiit, que realizava 8 séries de 20
segundos a 170% da poténcia maxima (CHUENSIRI; SUKSOM; TANAKA, 2018).

O estudo de Kelly et al. (2004) avaliou a FMD de criangas e adolescentes com
sobrepeso que realizaram uma intervencdo de exercicio aerébio em cicloergdmetro,
quatro vezes na semana. Apesar de ter sido uma intervencdo com menor duracdo (8
semanas), foram encontrados aumentos significativos de 1.1% na FMD do grupo
exercicio (KELLY; WETZSTEON; KAISER; STEINBERGER et al., 2004). Em uma
intervencdo com treinamento de forga, realizado duas vezes na semana, Yu et al. (2016)
encontraram melhoras significativas, com aumento de 1,3% na média da FMD ap6s 10
semanas. E interessante ressaltar que neste estudo, as criancas tinham peso normal,
demonstrando que o exercicio fisico pode ser uma ferramenta para melhorar a fungao
endotelial ndo somente de criancas e adolescentes com sobrepeso ou obesidade (YU;
MCMANUS; SO; CHOOK et al., 2016). Em contrapartida, em um estudo que analisou
os efeitos de uma intervencdo com atividades esportivas e de forca realizadas trés vezes
na semana (jogos com bola, natag¢do, corrida ou caminhada ripida e exercicios de forca
que atualizava o peso do corpo ou eldsticos), Farpour-Lambert et al. (2009) ndo
encontraram melhoras significativas na FMD de criancas ap6s trés meses. Uma possivel
explicacdo para a auséncia de melhoras na FMD pode estar relacionada com a intensidade
moderada do treinamento, que foi monitorada e realizada em 55-65% da frequéncia
cardiaca maxima, possivelmente nao sendo capaz de gerar adaptagdes positivas na fungao
endotelial (FARPOUR-LAMBERT; AGGOUN; MARCHAND; MARTIN et al., 2009).
Visto que ha poucos estudos que analisaram a FMD na populacao pediétrica, mais estudos
sd0 necessdrios para a testagem de diferentes intervencdes, para compreender quais
varidveis de treinamento exercem um maior efeito nesta varidvel.

Quando analisadas diferentes intervencdes conjuntamente, a metandlise de Cheng
et al. (2022) encontrou melhoras significativas na FMD de criancas e adolescentes com
sobrepeso e obesidade. Estas melhoras ocorreram independentemente do IMC dos
sujeitos (acima ou abaixo de 30 kg/m?) ou da idade (acima ou abaixo de 14 anos)

(CHENG:; SUN; YA; ZHOU et al., 2022).

1.3.3. Rigidez arterial
Com o envelhecimento, é natural que haja um enrijecimento da vasculatura e este

aumento da rigidez arterial tem sido associado ao aumento de risco cardiovascular, e
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também considerado um preditor independente de infarto (SHIRWANY; ZOU, 2010;
YIMING; ZHOU; LV; PENG et al.,2017). Além disso, o aumento da rigidez das artérias
centrais tem efeitos deletérios que afetam doengas como aterosclerose, diabetes e doenca
renal (ZIEMAN; MELENOVSKY; KASS, 2005). Atualmente, estudos mostraram que,
ao invés de haver s6 uma relagao de causa/efeito entre a disfuncdo endotelial e a rigidez
arterial, a relacdo oposta também pode ser verdadeira: a rigidez arterial contribuindo para
a disfuncdo endotelial. Em relacdo a isso, pode haver um ciclo vicioso onde o
enrijecimento das artérias leva as alteracdes no endotélio que, consequentemente, pioram
o enrijecimento (SHIRWANY; ZOU, 2010).

A rigidez arterial é medida diretamente através da Velocidade de Onda de Pulso
(PWV), a qual reflete a elasticidade arterial e tem sido considerada um preditor de eventos
cardiovasculares e de mortalidade (YIMING; ZHOU; LV; PENG er al., 2017). A
contragdo do ventriculo esquerdo durante a sistole gera uma onda de pulso que é
propagada pela arvore arterial e a PWYV € calculada como a distancia percorrida pela onda
dividida pelo tempo (TOMIYAMA; YAMASHINA, 2018; VLACHOPOULOS;
AZNAOURIDIS; STEFANADIS, 2010). Convencionalmente, PWV ¢ medida na
carétida-femoral para acessar a rigidez arterial central, mas também pode ser mensurada
a PWV tornozelo-braquial (baPWV). A PWV carétida-femoral é medida através de
tonometria, Doppler ou oscilometria, enquanto a baPWV ¢é mensurada através de
oscilometria (TOWNSEND; WILKINSON; SCHIFFRIN; AVOLIO et al., 2015), apds
serem presos manguitos de pressao nas 4 extremidades (bracos e pernas), e a distancia é
calculada pela altura, ou seja, a PWV ¢ apresentada em distancia/tempo (m/s ou cm/s).
Ambas as metodologias tém correlacio com o método invasivo padrao-ouro
(TOMIYAMA; YAMASHINA, 2018). Estudos recentes mostram que a PWV obtida de
forma ndo-invasiva um marcador de danos vasculares é também um preditor
independente de mortalidade geral e de mortalidade por doenga cardiovascular em
pacientes com hipertensio (LAURENT; COCKCROFT; VAN BORTEL;
BOUTOUYRIE et al., 2006). Além disso, um aumento da PWV esta associado ao
aumento da pressdo arterial sist6lica e diastdlica (ELKA, 2018).

De acordo com a literatura, o aumento da espessura do vaso ou a diminui¢do do
seu didmetro, decorrente do acimulo de placas, o que pode resultar em um aumento da
PWYV, sendo esta resposta influenciada por idade e pressdo arterial. Sendo assim, o
aumento da rigidez arterial leva a um aumento da PWV, o que tem sido relacionado ao

inicio do processo aterosclerético (KIM; KIM, 2019; WEBER; AMMER; RAMMER;
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ADII et al., 2009). E reportado na literatura que criancas e adolescentes, principalmente
quando acometidos por hipertensao ou obesidade, ja apresentam alteracdes significativas
na PWV (KULSUM-MECCI; GOSS; KOZEL; GARBUTT et al., 2017). O exercicio
fisico, assim como exerce efeito sobre a FMD, também exerce efeito sobre a rigidez
arterial. Os mecanismos fisiologicos que explicam a possivel reducdo da PWV induzida
por exercicio, incluem o relaxamento das células musculares lisas através do aumento do
estresse de cisalhamento e atividade do ON, redug¢do do estresse oxidativo, inflamagao e
de CMRF, como por exemplo a pressdo arterial (KIM; KIM, 2019). Este efeito do
exercicio fisico € importante, visto que tem sido reportado na literatura que um aumento
de 1 m/s na PWYV esta associado ao aumento de 12% no risco de eventos cardiovasculares,
especialmente em individuos que j4 apresentam risco para o desenvolvimento de doengas
cardiovasculares (VLACHOPOULOS; AZNAOURIDIS; STEFANADIS, 2010).

Obviamente, uma redu¢ao na PWV pode reduzir o risco cardiovascular.

1.3.3.1. Efeitos de intervengdes de exercicio fisico na PWV

Os efeitos do exercicio fisico na PWV ainda ndo sao conclusivos, visto que na
literatura sdo encontrados diferentes resultados apds as intervengdes. O estudo de
Chuensiri et al. (2018), ja citado anteriormente, encontrou redugdes significativas na
baPWV apés intervencdes de HIIT e Supra-HIIT em cicloergdmetro. As criancas que
participaram dos grupos de exercicio, reduziram em média 0,67 m/s (HIIT) e 0,20 (Supra-
HIIT) ap6s as 12 semanas de intervencao. Ou seja, quando o exercicio € prescrito em alta
intensidade, pode ocorrer a melhora da PWV desta populagao (CHUENSIRI; SUKSOM;
TANAKA, 2018).

Quando analisado o exercicio de pular corda, Sung et al. (2018) realizaram uma
intervencdo de 12 semanas com frequéncia de cinco vezes por semana, com meninas
adolescentes com pré-hipertensdo. Apds este periodo, foram encontradas melhoras na
PWYV, com reducdes de 0,8 m/s (SUNG; PEKAS; SCOTT; SON et al., 2019). Esta
melhora também foi encontrada em dois estudos que analisaram os efeitos de uma
intervencdo de exercicio combinado (aerébico + for¢a) de 12 semanas, realizada trés
vezes na semana, com adolescentes obesas, Wong et al. (2018) e Son et al. (2017),
encontraram reducdes significativas de PWV de 1 e 1,23 m/s, respectivamente (SON;
KIM; JEON; KANG et al., 2017; WONG; SANCHEZ-GONZALEZ; SON; KWAK et
al.,2018).
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Em contrapartida, utilizando uma prescricao diferente de exercicio fisico, o estudo
de Lee et al. (2010), realizou uma intervencdo com atividades esportivas (futebol,
basquete e corda) com ou sem treinamento de for¢a em circuito, trés vezes na semana.
Apds 10 semanas de treinamento, os adolescentes obesos que participaram dos grupos de
exercicio ndo melhoraram a PWV (LEE; SONG; KIM; LEE et al., 2010). O mesmo
ocorreu no estudo de Bharath et al. (2018), que ndo encontraram resultados positivos na
baPWV de meninas adolescentes obesas apds 12 semanas de treinamento combinado,
realizado cinco vezes na semana (BHARATH; CHOI; CHO; SKOBODZINSKI et al.,
2018). Esta auséncia de melhoras também foi encontrada no estudo de Horner et al.
(2015), que analisaram os efeitos de intervencdes com o exercicio de forca e aerdbico de
forma isolada, realizado trés vezes por semana. Apds trés meses, os adolescentes obesos
que participaram dos grupos exercicio nao apresentaram reducdes significativas na PWV
de forma significativa (HORNER; KUK; BARINAS-MITCHELL; DRANT et al., 2015).

Na metandlise de Cheng et al. (2022) que analisou os efeitos de diferentes tipos
de exercicio sobre a PWV, encontrou redugdes significativas apds as intervengdes. A
partir de subandlises, verificou-se que a PWV diminuiu significativamente somente em
criancas até 14 anos e com IMC abaixo de 30 kg/m?. Adicionalmente, somente as
intervencdes com exercicio aerébico e de HIIT induziram reducdes significativas na
PWYV em comparacio ao exercicio de forca e combinado. A partir destes resultados, que
evidenciam melhoras na PWV em individuos menores de 14 anos, hipotetiza-se existir
um limiar de idade relacionado aos efeitos positivos induzidos por exercicio fisico sobre
a plasticidade de remodelacdo vascular (CHENG; SUN; YA; ZHOU et al., 2022). Os
efeitos do exercicio sobre a PWYV sio influenciados pela idade cronolégica, lembrando
que a idade isolada ja € um fator de induz aumento da rigidez arterial (COCKCROFT;
WILKINSON; WEBB, 1997; WALLACE, 2012). Além disso, a reducdo da PWV
somente em criangas com IMC até 30 kg/m? pode ter ocorrido devido as caracteristicas
da remodelacdo da estrutura vascular, que pode ser responsavel pelos efeitos em longo-
prazo decorrentes da obesidade, onde intervencdes de exercicio fisico curtas ndo sao
efetivas para reverter estas alteracdes. Na comparacdo entre os diferentes tipos de
exercicio, o exercicio de forca quando analisado isoladamente ou conjuntamente com o
exercicio aerdobico (combinado), ndo foi efetivo para promover melhoras na PWV,
resultado semelhante ao encontrado por estudos com individuos adultos (CECILIATO;

COSTA; AZEVEDO; SOUSA et al.,2020; ZHANG; QI; XU; SUN et al., 2018).
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1.3.4. Pressao arterial

A pressao arterial € a pressao, medida em milimetros de mercirio (mmHg) dentro
do sistema arterial e é convencionalmente separada em pressdo arterial sistdlica e
diastdlica. A SBP € a pressao sanguinea maxima durante a contrag¢do dos ventriculos, que
estdo repletos de sangue, enquanto a DBP ¢ a pressdo minima imediatamente antes da
proxima contragdo, quando hd um relaxamento do coracdo. Uma pressao arterial ideal é
aquela que perfunde adequadamente todos os sistemas do corpo sem causar danos.
Qualquer 6rgao nao adequadamente perfundido poderd sofrer dano isquémico ou sera
incapaz de realizar a sua funcdo de forma adequada. A principal alteragdo da pressao
arterial € a hipertensdo, podendo causar danos aos 6rgaos, que poderdo desencadear
eventos cardiovasculares como infarto e acidente vascular cerebral (WA., 1990). A
pressdo arterial é a principal determinante da rigidez arterial, ou seja, alteragdes na
pressdo arterial levardo a alteragdes na rigidez arterial (ELKA, 2018; PAINI;
BOUTOUYRIE; CALVET; TROPEANO et al., 2006).

As consequéncias da hipertensdao e as estratégias (farmacoldgicas ou nao-
farmacoldgicas) para a reducdo da pressdo arterial sio amplamente estudadas na
literatura, tanto na populacdo adulta e idosa quanto na populacado pediétrica. Isto porque
ha associagdo da pressdo arterial com os eventos cardiovasculares, demonstrando ser um
fator de risco para o desenvolvimento de doengas e eventos cardiovasculares (ELKA,
2018).

Nos Estados Unidos, um estudo do Centers for Disease Control and Prevention
mostrou que 1 a cada 25 jovens de 1 a 19 anos tem hipertensdo, sendo que 1 a cada 10
tem pressao arterial elevada (em torno de 800.000), anteriormente chamado de pré-
hipertensdo, esta condi¢do é mais comum em jovens obesos (FLYNN; KAELBER;
BAKER-SMITH; BLOWEY et al.,2017). E importante ressaltar que uma pressio arterial
elevada na infincia correlaciona-se com uma pressao ainda mais elevada na vida adulta
e com o desenvolvimento da hipertensao arterial no inicio da vida adulta (CHEN; WANG,
2008). Ou seja, a investigagcao das alteracdes na pressao arterial, assim como pesquisas
sobre intervengdes que exercam efeito sobre esta varidvel na populagdo pedidtrica sdo
necessdrias, pois prevenir a hipertensao arterial na infancia pode reduzir os fatores de
risco cardiometabdlicos na vida adulta (CHEN; WANG, 2008).

O exercicio fisico € uma importante ferramenta nao farmacoldgica para reduzir a
pressdo arterial, tanto sistlica como diastdlica, e isto ocorre porque a pratica regular de

exercicio potencializa a contracdo muscular cardiaca, ejetando sangue de forma mais
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eficiente, reduzindo a pressdo arterial em longo-prazo. Algumas das adaptacoes
fisiolégicas que ocorrem em decorréncia do exercicio fisico estdo relacionadas ao
aumento no débito cardiaco, redistribuicdo do fluxo sanguineo e elevacido da perfusao
circulatéria para os misculos que estdo em atividade (ARAUJO, 2001). Os efeitos do
exercicio fisico podem variar dependendo do tipo de exercicio e dos componentes do
treinamento fisico (duragdo da sessdo, frequéncia semanal, etc.). Atualmente, ha
recomendacdes que o exercicio seja realizado em intensidade moderada por 30 minutos
cinco vezes na semana (ou 150 minutos semanais), ou 75 minutos Semanais em
intensidade vigorosa, para prevenir ou tratar a hipertensdo. Além disso, € desejavel que
também seja incluido o exercicio de forca, duas a quatro vezes por semana (KHAN;
HEMMELGARN; HERMAN; BELL et al., 2009; PESCATELLO; FRANKLIN;
FAGARD; FARQUHAR et al.,2004). Apesar de ja haver um consenso de que o exercicio
fisico pode reduzir a pressao arterial, principalmente o aerébico, ainda nao esta claro qual
€ a prescricdo de treinamento O&tima, principalmente na populacdo pedidtrica
(CORNELISSEN; SMART, 2013; HANSSEN; BOARDMAN; DEISEROTH;
MOHOLDT et al., 2022).

1.3.4.1. Efeitos de intervengdes de exercicio fisico na Pressdo Arterial

A pressao arterial sistdlica e diastdlica de meninos com sobrepeso ou obesos foi
avaliada no estudo de Cvetkovic er al. (2018). Nesta pesquisa, foi realizada uma
intervencdo de 12 semanas de futebol ou HIIT, realizados trés vezes por semana. Apesar
dos resultados de SBP e DBP terem mostrado uma tendéncia de reducdo, ndo foram
encontradas  diferencas  significativas apdés o treinamento (CVETKOVIC;
STOJANOVIC; STOJILJKOVIC; NIKOLIC et al., 2018). Buchan er al. (2013)
analisaram os efeitos do HIIT sobre a pressao arterial de adolescentes saudaveis e também
ndo encontraram reducdes significativas na DBP, em contrapartida, foram encontradas
redugdes significativas de 5 mmHg na SBP apds sete semanas de intervencdo, com o
exercicio sendo realizado trés vezes por semana (BUCHAN; OLLIS; YOUNG; COOPER
etal.,2013).

Uma estratégia interessante para realizar intervengdes de exercicio fisico em
criancas e adolescentes € aplicd-las nas escolas, aumentando assim a aderéncia a
intervencdo. Neste contexto, um estudo de Delgado-floody et al. (2018) mesmo com um
longo periodo de intervenc¢ao, ndo encontraram reducoes significativas na SBP e DBP de

criangas apos 28 semanas de sessdes de HIIT inserido duas vezes por semana na educagao
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fisica escolar (DELGADO-FLOODY; ESPINOZA-SILVA; GARCIA-PINILLOS;
LATORRE-ROMAN, 2018). No entanto, o recente estudo de Meng et al. (2022)
encontrou redugdes significativas de 5 mmHg na SBP de adolescentes obesos, com
intervencoes de HIIT e treinamento continuo com intensidade moderada realizados trés
vezes por semana durante 12 semanas. Semelhante ao estudo supracitado, ndo foram
encontradas redugdes significativas para DBP (MENG; YUCHENG; SHU; YU, 2022).

Quando analisamos intervenc¢des com o exercicio de pular corda realizado 5 vezes
por semana, Kim et al. (2007) nao estabeleceram redugdes significativas na SBP e DBP
em adolescentes obesos (KIM; IM; KIM; PARK et al.,2007). Em um estudo semelhante,
Sung et al. (2018) encontraram reducdes significativas de 6 mmHg na SBP de meninas
adolescentes com pré-hipertensdo. O mesmo ocorreu no estudo de Kim ez al. (2019) que
encontraram redugdes significativas de 6,7 mmHg somente para a SBP de adolescentes
obesas. Nestas duas intervengdes, a DBP nio foi alterada ap6s as 12 semanas (KIM; SON;
HEADID III; PEKAS et al., 2020).

Lembrando que o exercicio aerébico € o mais indicado para a populacio
hipertensa e diversas interveng¢des foram realizadas com este tipo de exercicio, sendo
algumas realizadas com criancas e adolescentes. Em 1998, no estudo de Ewart et al., foi
realizada uma interven¢do com exercicio aerdbico e, apds 18 semanas, as meninas
adolescentes que participaram do grupo exercicio reduziram significativamente a SBP em
6 mmHg, enquanto a DBP nao foi alterada (EWART; YOUNG; HAGBERG, 1998). Em
outra intervencdo de 18 semanas, Knox et al. (2012), prescrevendo exercicio aerébico de
caminhada realizado 2 vezes por semana, ndo encontraram redugdes significativas tanto
na DBP quanto na SBP (KNOX; BAKER; DAVIES; REES et al., 2012). Em uma curta
intervencdo com criancas e adolescentes com sobrepeso que realizaram exercicio
aerébico, Kelly ef al. (2004) também nao encontraram reducdes significativas para estas
varidveis apds uma intervencao de 8 semanas, com o exercicio em cicloergdmetro sendo
realizado quatro vezes por semana (KELLY; WETZSTEON; KAISER; STEINBERGER
etal.,2004).

1.3.5. Colesterol

O Colesterol, do ponto de vista fisiolégico e clinico, € um dos lipides mais
importantes, pois é precursor de hormonios esteroides, dos dcidos biliares e da vitamina
D, constitui membranas celulares e atua na ativagdo de enzimas. As lipoproteinas sao

responsaveis pelo transporte dos lipides (geralmente hidrofébicos), pois permitem a sua
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solubilizacdo, no meio aquoso. Duas lipoproteinas ricas em colesterol, que sdo
classificadas de acordo com as suas densidades, sdo as lipoproteinas de baixa densidade
(LDL) e de alta densidade (HDL) (FALUDI AA, 2017).

O inicio do processo aterosclerdtico tem relacio com a deposicdo de LDL na
parede arterial, ou seja, uma alteracao indesejada de niveis de LDL estd relacionada a
disfun¢do endotelial, assim como a rigidez arterial. Em contrapartida, o HDL é capaz de
remover o colesterol das artérias e leva-lo para o figado, pois esta lipoproteina realiza este
transporte reverso e tem atividade anti-inflamatdria, antiagregante, vaso-relaxante e
antioxidantes que previnem o actimulo de colesterol na parede arterial (IBORRA;
RIBEIRO; NEVES; CHARF et al., 2008). Sendo assim, o HDL é fortemente e
inversamente associado a eventos cardiovasculares enquanto o LDL e o Colesterol total
sdo diretamente associados (EMERGING RISK FACTORS; DI ANGELANTONIO;
SARWAR; PERRY et al.; MORTENSEN; NORDESTGAARD, 2020). H4 evidéncias de
que os altos niveis de colesterol na infincia e adolescéncia permanecem em niveis
elevados na vida adulta. Atualmente, nos Estados Unidos, cerca de 7% das criangas e
adolescentes de 6 a 19 anos apresentam elevados niveis de Colesterol Total (TSAO;
ADAY; ALMARZOOQ; ALONSO et al., 2022). Ou seja, o manejo dos lipides na
populacdo pedidtrica é fundamental para prevenir futuras doengas cardiovasculares na

vida adulta (DOBASHI, 2022).

O exercicio fisico € uma importante estratégia ndo farmacoldgica e de baixo custo
financeiro para melhorar os niveis de colesterol no sangue, aumentando os niveis de HDL
ou reduzindo os niveis de LDL e Colesterol total. Apesar dos efeitos do exercicio fisico
no HDL ndo estarem claros, em principio eles estdo relacionados a capacidade
antioxidante e anti-inflamatéria desta lipoproteina, ocorrendo principalmente com o
exercicio aerébico (RUIZ-RAMIE; BARBER; SARZYNSKI, 2019). Enquanto isso, o
exercicio fisico pode ndo afetar substancialmente o LDL (IBORRA; RIBEIRO; NEVES;
CHAREF et al., 2008). Segundo evidéncias da literatura, € importante ressaltar que os
efeitos do exercicio fisico sobre o colesterol sdo dependentes da intensidade e duragao

das sessdes de treinamento (COOK; KAVEY, 2011).

1.3.5.1. Efeitos de intervengdes de exercicio fisico nas concentragdes de Colesterol
Buchan et al. (2013) investigaram os efeitos do HIIT sobre a lipemia de

adolescentes sauddveis durante sete semanas de intervengdo (3 vezes por semana) e
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identificaram redugdes significativas no LDL. Enquanto isso, ndo foram encontradas
diferencas significativas para o HDL (BUCHAN; OLLIS; YOUNG; COOPER et al.,
2013). O mesmo resultado foi encontrado no estudo de Chuensiri et al. (2017), que
analisou os efeitos do HIIT e Supra-HIIT em cicloergdmetro em meninos obesos e
estabeleceu redugdes significativas de 24 mg.dL' no LDL. Também nao foram
encontradas diferencas significativas para o HDL. Quando analisado o exercicio de pular
corda, Kim et al. (2007) ndo encontraram diferecas significativas para CT, HDL e LDL
apos seis semanas de intervencao realizado cinco vezes por semana.

O tipo de exercicio mais recomendado para tratar alteragcdes no CT € o aerdbico,
sendo assim, no estudo de Kelly et al. (2004) foram avaliados criangas e adolescentes
com sobrepeso que foram expostos a uma interven¢do de exercicio aerébio em
cicloergdbmetro, realizado quatro vezes na semana, durante oito semanas. Foi encontrado
um aumento significativo de aproximadamente 4 mg.dL! somente para o HDL, enquanto
LDL e CT nao foram alterados (REILLY; JACKSON; MONTGOMERY; KELLY et al.,
2004). Karacabey (2009) analisou o efeito do exercicio aerébico sobre a lipemia, mas
com a caminhada/corrida leve, em meninos obesos, trés vezes na semana, durante 12
semanas, encontrando reducdes significativas de 20,3 mg.dL' no LDL e aumentos
significativos de 7,1 mg.dL"! no HDL (KARACABEY, 2009).

Quando avaliamos os efeitos do treinamento de forca, Yu et al. (2016) realizaram
uma intervengdo de 10 semanas, com o exercicio sendo realizado duas vezes por semana,
com adolescentes ndo-obesos. Foram encontradas redugdes significativas de
aproximadamente 7 mg.dL' no LDL, enquanto ndo foram encontradas diferengas
significativas para o HDL e CT (YU; MCMANUS; SO; CHOOK et al., 2016). Quando
os efeitos do treinamento combinado (forca + aerébio e for¢a + HIIT) sobre a lipemia
foram analisados, Faria et al. (2020) nao estabeleceram diferencas significativas no HDL,
LDL e CT apés 12 semanas de treinamento, realizado duas vezes por semana (FARIA;
MENDONCA; SANTOS; KENNEDY et al., 2020). Em contrapartida, Zehsaz et al.
(2016) encontraram melhoras significativas no CT, HL e LDL de criancas apés uma
intervencdo de treinamento combinado realizado durante 16 semanas (ZEHSAZ;
FARHANGI; GHAHRAMANI, 2017).

Em recente metandlise, Chen et al. (2021) analisaram os efeitos de intervengdes
de exercicio fisico aerdbico e de for¢a sobre LDL, HDL e CT de criangas com sobrepeso
ou obesas. Foram encontradas reducdes significativas somente para LDL e CT para

ambos os tipos de exercicio comparados aos grupos controle. Ou seja, o exercicio fisico
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aerébico e de forca ndao foram significativamente associados a melhoras no HDL de
criangas. Os autores especulam que as intervencdes nao atingiram o limiar de intensidade
e de duracdo da sessdo necessdrios para alterar o HDL (CHEN; LIN; LIN; XU et al.,
2021). O mesmo ocorreu no estudo de Busnatu et al. (2022), que avaliou diferentes
intervencdes e seus efeitos sobre o HDL e LDL de criancas com sobrepeso, nao
encontrando diferencas significativas para o HDL, enquanto foram encontradas reducoes
significativas para o LDL (BUSNATU; SERBANOIU; LACRARU; ANDREI et al.,
2022). Em contrapartida, recente metandlise de Kelley et al. (2022) com criangas e
adolescentes obesos, encontrou um aumento signiicativo de 12,2% no HDL e LDL,

contudo, somente em resposta ao exercicio aerobico (KELLEY; KELLEY; PATE, 2022).

1.3.6. Razao cintura-estatura

A razdo cintura-estatura (WtHR) é uma forma simples, rdpida e de baixo custo
financeiro para realizar a triagem de diferentes populagdes. O cdlculo utiliza a
circunferéncia da cintura como uma medida da adiposidade abdominal e ajusta para o
tamanho do individuo dividindo pela sua estatura. Ou seja, quanto maior for este indice,
maiores sdo os riscos a saude cardiometabdlica (MADRUGA; MORAES SILVA;
SCHERER ADAMI, 2016).

Diversos autores consideram a WtHR uma forma mais de sensivel para avaliar os
individuos do que o IMC, além de ser mais pratico de avaliar, permite que 0s mesmos
valores limites sejam utilizados tanto para criancas quanto para adolescentes e adultos
(ASHWELL; GUNN; GIBSON, 2012). Além disso, a WtHR pode ser considerada uma
preditora de CMRF e consequentemente de doenga cardiovascular. A identificacdo de
alteracdes nesses valores estd relacionada a saide cardiometabdlica (HARA; SAITOU;
IWATA; OKADA et al., 2002; KAHN; IMPERATORE; CHENG, 2005; SAVVA;
TORNARITIS; SAVVA; KOURIDES ef al., 2000). O exercicio fisico pode afetar os
valores de WtHR, mesmo quando as intervenc¢des nutricionais nao sio realizadas, o que
possivelmente afetaria mais ainda esses valores. Se houver uma intervencao nutricional
combinada ao exercicio, existe uma probabilidade maior de maximizar os resultados de
emagrecimento com redugdes significativas da circunferéncia da cintura. Sendo assim,
torna-se interessante avaliar intervengdes somente com exercicio fisico, que nao
incentivaram ou realizaram modifica¢des nos hédbitos alimentares para identificar o efeito

do exercicio de forma isolada na WtHR.
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1.3.6.1. Efeitos de intervencoes de exercicio fisico na Razao Cintura-estatura

Wong et al. (2018) analisaram os efeitos do exercicio fisico combinado realizado
trés vezes por semana durante 12 semanas sobre a WtHR de adolescentes obesas. Neste
estudo, foram encontradas reducdes significativas de 0,03 na WtHR concomitantemente
com reducdes na circunferéncia da cintura, da massa corporal e do percentual de gordura.
O programa de exercicio demonstrou ser eficaz para melhorar significativamente as
varidveis supracitadas, melhorando a satide cardiometabdlica das adolesentes (WONG;
SANCHEZ-GONZALEZ; SON; KWAK et al., 2018).

Delgado-Floody et al. (2018) realizaram uma interven¢do de HIIT por 28
semanas, realizada duas vezes por semana em meninas € meninos com sobrepeso e
obesidade. Apds este o periodo de intervengdo, foram encontradas reducdes de 0,02 na
WtHR somente no grupo intervencao de meninas obesas, apesar do percentual de gordura
ter tido reducdes significativas em todos os quatro grupos de interven¢do (meninos com
sobrepeso, meninos com obesidade, meninas com sobrepeso e meninas com obesidade).
Este resultado demonstra que a intervengao com HIIT foi mais efetiva para meninas com
obesas (DELGADO-FLOODY; ESPINOZA-SILVA; GARCIA-PINILLOS;
LATORRE-ROMAN, 2018). Uma reducao significativa semelhante ocorreu no estudo
de Baghersalimi et al. (2019) que realizou uma interven¢do de HIIT realizado trés vezes
por semana durante oito semanas com meninas obesas. No grupo que realizou exercicio
fisico, foi encontrada uma redugdo significativa de 0,03 na WtHR (BAGHERSALIMI;
FATHI; KAZEMI, 2019). Em contrapartida, Martinez-Vizcaino et al. (2022) realizou
uma interven¢ao de 8 meses, com jogos tradicionais realizados em alta intensidade em
meninos e meninas. Apds o periodo de intervencdo, ndo foram encontradas diferengas
significativas na WtHR (MARTINEZ-VIZCAINO; SORIANO-CANO; GARRIDO-
MIGUEL; CAVERO-REDONDO et al., 2022). Comparando o efeito do exercicio
aerébico e HIIT, Buchan et al. (2011) realizaram uma intervengao de oito semanas,
realizado trés vezes por semana em adolescentes de ambos 0s sexos € nao encontraram
diferencas significativas na WtHR ap06s as intervengdes (BUCHAN; OLLIS; THOMAS;
BUCHANAN et al.,2011).
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ABSTRACT

Background and objective: This systematic review and meta-analysis aimed to analyze the effects of
supervised and structured physical exercise on the cardiometabolic risk factors (CMRF) of children and
adolescents. Methods: PubMed, Cochrane Library, Embase and Scopus platforms databases were searched
in June of 2022. Three independent investigators selected articles that compared a supervised and structured
physical exercise intervention with a control group of children and adolescents aged 6-17 years, and that
evaluated the following variables: flow-mediated dilation (FMD), brachial-ankle pulse wave velocity
(baPWYV), systolic and diastolic blood pressure (SBP and DBP), total cholesterol (TC), high- and low-
density lipoproteins (HDL and LDL) and the waist-to-height ratio (WtHR). Random effect was used, and
the effect size (ES) was calculated by using the standardized mean difference with a 95% confidence
interval. Results: 51 studies were included, with a total of 6190 participants. Supervised and structured
physical exercise interventions significantly reduced baPWV (0.72 m/s), SBP (2.08 mmHg), LDL (8.17
mg.dL-") and WtHR (0.01), and increased HDL (2.61 mg.dL™"). In the general analysis, no significant
improvements were found for TC and DBP. When analyzing the sexes separately, SBP showed a significant
reduction in the categories of both sexes and only girls (3.12 and 2.17 mmHg, respectively). In contrast,
for HDL, significant increases were found when the categories of both sexes and only boys were analyzed
(2.01 and 5 mg.dL', respectively), and for LDL concentrations, a significant reduction was found in the
for only boys (15.10 mg.dL"). When the types of exercise were analyzed separately, significant reductions
were found for the aerobic exercise on SBP (3.11 mmHg), and aerobic and HIIT for LDL (21.33 and 15.24
mg.dL"). Chronological age and BMI showed moderated effects on SBP, while BMI showed moderated
effects on HDL. Furthermore, BMI and intervention duration showed moderate effects on WthR.
Conclusion: Supervised and structured physical exercise interventions showed positive effects on CMRF
of children and adolescents, especially the aerobic and HIIT exercises. In addition, BMI, chronological age,
and the duration of the intervention are variables that presented moderating positive effects on CMRF.
PROSPERO register number: CRD42022344094.

Keywords: Cardiometabolic health; arterial stiffness; endothelial function; children.
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Key Points

e The cardiometabolic health of children and adolescents can be improved through physical exercise
interventions;

e Aerobic and HIIT exercises have more beneficial results compared to other types of exercise;

e The greater the chronological age and BMI, the greater the effect of physical exercise in reducing
SBP and the greater the BMI or the shorter the duration, the greater the effect of physical exercise

in reducing WtHR.
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INTRODUCTION

The cardiometabolic health of children and adolescents is receiving increasing attention due to
alterations in cardiometabolic risk factors (CMRF) that usually occur in adulthood but are currently
occurring earlier in childhood and adolescence [1-5]. Therefore, it is necessary to identify whether children
and adolescents are already being exposed to CMRF and promote strategies to improve this population’s
health indicators to prevent the development of chronic diseases and cardiovascular events in the future [4].
This population is being affected by these risk factors at an earlier age, and this is due to environmental,
genetic, and behavioral factors, which will result in increased levels of overweight and obesity status, an
increased sedentary lifestyle, and poor eating habits [6]. According to the World Health Organization, it
was estimated that in 2016, more than 340 millions of children and adolescents aged 5-19 years were
overweight or obese [7], and with decreasing trends in cardiorespiratory fitness, which is related to a
sedentary lifestyle, the health of this population and these numbers tend to worsen [8].

Among the most commonly used health parameters to identify cardiometabolic risks, which have
shown abnormal values in the pediatric population, we can mention systolic and diastolic blood pressure
(SBP and DBP, respectively), concentrations of total cholesterol (TC), and high- and low-density
lipoproteins (HDL and LDL, respectively), fasting blood glucose, cardiorespiratory fitness, body mass
index (BMI), and waist-to-height ratio (WtHR)[3, 9, 10]. Additionally, predictors of cardiovascular events,
such as endothelial function and arterial stiffness, which can be assessed through flow-mediated dilation
(FMD) and pulse wave velocity (PWV), have been considered important markers of vascular function [11-
14] and consequently, predictors of cardiometabolic health [13,14]. It has been reported that for every 1%
reduction in FMD or 1 m/s increase in PWV, the risk of future cardiovascular disease (CVD) or mortality
increased by 13% and 15%, respectively [15, 16].

These health markers are essential for detecting endothelial dysfunction, which, in addition to
being related to the onset of CVD, are considered the first step towards atherosclerosis, which can be
defined as a chronic inflammatory and degenerative process that affects the vessels (lipids, inflammatory
cells, and fibrous element accumulation) and begins in childhood and adolescence [17, 18]. That is, since
these changes already appear at this early stage of life, in addition to changes in the more traditional health
parameters, it becomes necessary to identify whether children and adolescents are already exposed to these
risks and promote strategies to improve the health parameters of this population to prevent the development

of chronic diseases and cardiovascular events in the future [4].
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One of the available strategies to improve the CMREF is physical exercise, which, in addition to
being essential for the healthy growth and development of children and adolescents, improves
cardiometabolic health levels. However, the effects of physical exercise on endothelial function and arterial
stiffness are still less explored, especially in the pediatric population [19, 20]. The most recent physical
activity guide, published by the World Health Organization, recommends that children/adolescents aged
6-17 years should engage in an average of 60 min of moderate-to-vigorous physical activity daily to
maintain or improve cardiometabolic health, including aerobic, muscle, and bone strengthening exercises
[21]. Physical exercise interventions with multidisciplinary approaches, including nutritional interventions
and lifestyle changes are considered effective in improving health and CMRF [22-24]. However, it is
important to understand the role of physical exercise alone, as in these multidisciplinary studies, diet and
lifestyle changes can be confounding factors in interpreting of the results.

Several beneficial effects of physical exercise on traditional CMRF have been reported; however,
it is still unclear which types of exercise are most effective in improving cardiometabolic health. In addition,
there is a lack of information on the moderating factors of the exercise effects, such as sex, chronological
age, BMI, and training principles (weekly frequency, session duration, and follow-up duration of the
interventions). It is also important to investigate the effects of physical exercise on cardiovascular health,
such as endothelial function and arterial stiffness, as there are few studies that have analyzed these variables
in pediatric population.

Therefore, this systematic review and meta-analysis aimed to analyze the effects of supervised
and structured physical exercise on the cardiometabolic health of children and adolescents. Furthermore,
this study aimed to investigate the effects of different types of exercise, sex, BMI, weekly frequency,

duration of sessions, and follow-up duration of the interventions on cardiometabolic health.

MATERIALS AND METHODS

This systematic review was conducted using a predetermined protocol established according to
the recommendations of the Cochrane Handbook [25] and the protocol was registered at the international
prospective register of systematic reviews (PROSPERO number registration: CRD42022344094, available
in https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022344094). The results are
reported in accordance with the preferred reporting items for systematic reviews and meta-analyses

statement (Supplementary Material 1, available online) [26].
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Search strategy
The retrieval date of the electronic databases was searched until June 2022, with no restriction on
the year of publication, and the following electronic databases were acessed: MEDLINE (accessed by

ELINNY3

PubMed), Cochrane Library, Embase, and Scopus. The search terms included “children”, “adolescent”,

CLIT3

“exercise”, “cholesterol”, “HDL”, “LDL”, “systolic blood pressure”, “diastolic blood pressure”, “waist-to-
height ratio”, “flow-mediated dilation”, “arterial stiffness” and related entry terms. The search included no

time or language restrictions and only eligible full texts in English, Portuguese or Spanish were considered

for this review.

Study Eligibility

The included studies were those that met the following eligibility criteria: Clinical trials
(randomized or not) of supervised and structured exercise; with a control group, that didn’t go through any
physical exercise intervention; participants aged between 6 to 17 years old with no reported illness such as
diabetes, cardiovascular, mental or orthopedic disease, or any other that restricted them from physical
exercise; studies that evaluated FMD, baPWV, SBP, DBP, TC, HDL, LDL and WtHR and reported means
and respective dispersion values of these outcomes at baseline and after the proposed intervention. All types
of supervised and structured exercise, irrespective of intensity, frequency, or session duration were
considered eligible.

The exclusion criteria were as follows: (1) studies that did not provide information regarding
associations between the intervention and chosen outcomes, (2) control group performed an intervention,
[27] studies that did not present the structure of the exercise intervention, (4) duplicate publications, and

(5) editorials, animal studies, observational studies, review articles, case reports, and case series.

Study selection and Data Extraction

The retrieved studies were exported to EndNote™ 20 to screen for duplicates. Three investigators
simultaneously and independently performed the study selection and data extraction (C.P.,J.M. and N.B.).
Of these researchers, two extracted half of the data (C.P. and J.M.), and one extracted all of the data (N.B.)
for checking purposes. The reviewers were not blinded to the authors, institutions, or manuscript journals.

Abstracts that did not provide sufficient information regarding the inclusion and exclusion criteria were
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retrieved for the full-text evaluation. If needed, the corresponding author of the article was contacted to
obtain data that were not available in the article. All disagreements were resolved through consensus. A
standardized document was used for data extraction using spreadsheet editor Excel version 16.54
(Microsoft, Washington, DC, USA). The outcomes of interest extracted were FMD (%), baPWV (m/s),
SBP and DBP (mmHg), TC, HDL, and LDL (mg.dL'), and WtHR. If the measurement unit used was

another, such as mmol/L or cm/s, unit conversion was performed.

Quality assessment of the studies

Two independent reviewers (N.B and S.) independently assessed the methodological quality of
the included studies. For this purpose, the tool for the assessment of study quality and reporting in exercise
training studies, proposed by Smart et al. (2015). The TESTEX scale uses 12 criteria with some criteria
having more than one possible point, for a maximum score of 15 points (5 points for study quality and 10
points for reporting). As such, the assessment included the following items for study quality: (1) specified
eligibility criteria; (2) specified randomization; (3) allocation concealment, that is, patients are unaware of
which group they would be allocated; (4) similar groups at baseline, with no significant difference after
randomization; (5) blinding of assessor; and the following items for study reporting; (6) outcome measures
evaluated in at least 85% of patients; (7) intention-to-treat analysis; (8) reporting of statistical comparison
between groups; (9) point measures and measures of variability for all reported outcomes; (10) monitoring
of activities in the control group; (11) whether relative exercise intensity remained constant; (12) relative
volume and energy expenditure of the exercise. The quality score of the papers were based on terciles,
where 0 to 5 points were considered low quality, 6 to 10 points were considered medium quality, and 11 to

15 points were considered high quality [28].

Data analysis

The pooled effect estimates were computed from the change scores between the baseline and the
end of intervention, their SDs, and the number of participants. Data from intention-to-treat analyses were
entered whenever available in the included studies. The authors were contacted through e-mails for
unreported data, and if no answer returned or if the data requested were not available, the studies were

excluded.
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The results are presented as standardized mean differences (a measure of effect, recommended to
be used when the study report efficacy of an intervention on continuous measurements, especially in cases
of different measurement methods) and calculations were performed using random effects models.
Statistical heterogeneity of treatment effects among studies was evaluated by Cochran Q test and the I
inconsistency test; it was considered that values >50% indicated high heterogeneity [25]. In addition,
sensitivity analyses were conducted to investigate the possible influence of randomization process in the
included studies, the progression in training variables. In addition, sensitivity analyses were conducted to
investigate the possible effect of sex (boys, girls or both sexes) and types of the exercise intervention
(aerobic, combined, high-intensity interval training [HIIT], sport and strength) in the observed adaptations.
Also, meta-regressions were performed to investigate possible moderators of the training effect on the target
outcomes: chronological age (years), BMI (kg/m?), weekly training frequency (number of sessions per
week), follow-up duration (weeks), and session duration (minutes).

Forest plots were generated to present the pooled effects and standardized mean differences with
95% confidence intervals (CIs). Values of P < .05 were considered statistically significant. All analyses

were performed using Software OpenMeta Analyst, version 10.10 [29].

RESULTS
Studies Selection

The database search yielded a total of 11,198 citations. After adjusting for duplicates, 9,973 studies
remained in total. Of these, 9,787 were discarded after reviewing the titles and abstracts because they did
not meet the eligibility criteria. After full-text reading of the remaining 186 articles, 136 were deleted. After
finalizing the selection of studies, 51 articles were included in the analyses (Figure 1). Of these, three trials
were included twice because they met the eligibility criteria for two comparison [30-32] and one trial was
included four times because it met the eligibility criteria for four comparison groups [33]. No additional
studies were identified after checking the references of the included papers. No relevant unpublished studies

were included in the study.
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Figure 1 - Flowchart of the study design

Studies Characteristics

—

[

9,787 exclusions based on the title and/or
summary review

136 exclusions after reading the full text

15 did not study the target population;

11 did not have the adequate comparator;
35 did not evaluate the interest variables;
56 did not have the appropriate design;

6 studies published in an ineligible language;
13 studies without access to the results;

In total, 6,190 participants were included in the meta-analysis. Among these, 31% of the studies

analyzed only boys, 27% analyzed only girls and 49% analyzed both sexes. Three studies analyzed only

girls and only boys [31-34]. The characteristics of the 69 included studies are available in Supplementary

Material 2 (available online).

Methodological Quality of the Included Trials

The study quality of the 51 included studies, obtained through the TEXTEX scale, is shown on

Table 1.

Table 1 - Study quality

Study Study
quality reporting
TESTEX

Studies 123456789 10 11 12 score
Baghersalimi et al. 2019 110101021 0 1 1 9
Bharath et al. 2018 11010/1020 0 1 1 8
Benson et al. 2008 110113121 1 1 1 14
Brinco et al. 2021 10010/1 021 1 1 1 9
Buchan et al. 2011 00010[/1 020 0 1 1 6
Buchan et al. 2013 00010[(2021 0 1 1 8
Chuensiri et al. 2017 110100021 1 0 1 8
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Studies
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Cvetkovic et al. 2018

Davis et al. 2019
Delgado-Floody et al. 2018
Eliakim et al. 2000

Ewart et al. 1998

Faria et al. 2020
Farpour-Lambert et al. 2009
Fripp & Hodgson 1987
Garcia-Hermoso et al. 2020
Giannaki et al. 2016

Jeon et al. 2013

Karacabay 2009

Kelly et al. 2004

Kim et al. 2007

Kim et al. 2020

Knox et al. 2012

Larsen et al. 2018

Lee et al. 2010
Martinez-Vizcaino et al. 2008
Martinez-Vizcaino et al. 2014
Martinez-Vizcaino et al. 2022
McMurray et al. 2002

Meng et al. 2022

Norris et al. 1992

Oliveira et al. 2021

Pahoo et al. 2020
Patsopoulou et al. 2017
Racil et al. 2013

Resaland et al. 2011
Resaland et al. 2017
Rosenkraz et al. 2012
Salcedo Aguilar et al. 2010
Seo et al. 2012

Son et al. 2017
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Sung et al. 2018
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Study Study
Continued. .. quality reporting
TESTEX

Studies 123456789 10 11 12 score
Tsang et al. 2009 110113011 1 0 O 10
van Biljon et al. 2018 00010/ 010 0 0 1 4
Vasconcellos et al. 2015 I 1r111)1ro01r1 o0 1 1 10
Wong et al. 2008 100102010 0 1 1 7
Wong et al. 2018 101101010 1 1 1 8
Yu et al. 2016 011112010 0 1 1 9
Zehsaz et al. 2016 100101010 1 1 1 7
Zorba et al. 2011 00010/ 010 0 0 1 4

Median TESTEX score= 7.52

TESTEX scale items: 1 — Eligibility criteria specified (1 point); 2 — Randomization specified
(1 point); 3 — Allocation concealment (1 point); 4 - Groups similar at baseline (1 point); 5 -
Blinding of assessor (for at least one key outcome — 1 point); 6 - Outcome measures assessed
in 85% of patients (3 points); 7 - Intention-to-treat analysis (1 point); 8 - Between-group
statistical comparisons reported (2 points); 9 - Point measures and measures of variability for
all reported outcome measures (1 point); 10 - Activity monitoring in control groups (1 point);
11 - Relative exercise intensity remained constant (1 point); 12 - Exercise volume and energy

expenditure. Total out of a possible: 15 points.

Meta-Analysis of FMD
Data concerning FMD were available from four studies that compared physical exercise
intervention groups with control groups, with a total of 124 participants (Figure 2). No significant

differences were found for FMD (ES: 0.384; 95% CI, —-0.132 to 0.900; P= 0.145; 12: 49%, Table 2).

Studies Estimate (95% C.I.) i

|

|
Chuensiri et al. 2017 0.596 (-0.259, 1.450) }
Farpour-Lambert et al. 2009 -0.245 (-0.839, 0.348) B :
Kelly et al. 2004 0.611 (-0.285, 1.508) : =
Yuetal.2016 0.748 (0.090, 1.405) ; B

|
Overall (1"2=4924 % , P=0.116) 0.384 (-0.132, 0.900) e————————— g

I

L

T T T 1

-0.5 0.5 1 15

0
Standardized Mean Difference
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Figure 2 - Standardized mean differences in total flow dilation mediated (%) promoted by exercise and

control (no intervention). CI indicates confidence interval; Std diff, standardized difference.

Furthermore, subgroup analysis suggested that in studies that analyzed both sexes (three
studies), FMD was not changed after physical exercise interventions (ES: 0.338; 95% CI, —0.336 to 1.011;
P=0.326; 1>: 63%, Table 2). Only boy’s category did not have enough studies to be analyzed separately
and there was no study for the only girl’s category, therefore, there was no subgroup analysis for these
categories. When we analyzed the type of exercise, HIIT, aerobic, combined, and strength did not have
enough studies to be analyzed separately and there was no study for the combined category, therefore, there

was no subgroup analysis for these categories.

Table 2. Summary of the results of meta-analyses and sensitivity analyses.

Meta-analysis Heterogeneity
Analyses Number of Effect 95% 1C p value |
comparisons size
FMD

General analyses 4 0.384 -0.132 t0 0.900 .145 49.243
Both sexes 3 0.338 -0.336to 1.011 326 63.494
Only boys - - - - -
Only girls - - - - -

baPWV

General analyses 6 -0487  -0.780 to -0.193 001* 0
Both sexes - - - - -
Only boys - - - - -
Only girls 4 -0.544  -0.909 to -0.180 003%* 6.085
Aerobic - - - - -
Combined 3 -0422  -0.850 to 0.006 054 3.402
HIT - - - - -
Sports 2 -0.531  -1.154t00.093 095 43.874
Strength - - - - -

SBP

General analyses 44 -0.200  -0.330 to -0.069 003* 76.483
Both sexes 21 -0277 -0368t0-0.185  <.001*
Only boys 13 -0.025 -0.236t00.186 818 58.498
Only girls 10 -0373  -0.732t0-0.015 041%* 88.693
Aerobic 3 -0.284  -0.533t0-0.036 025% 0
Combined 5 -0970  -2.186t0 0.246 118 90.595
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Continued. .. Meta-analysis Heterogeneity
Analyses Number of Effect 95% 1C p value 2
comparisons size
HIT 11 -0077 027610 0.121 446 0
Sports 22 -0.143  -0.301t00.015 076 81.713
Strength 3 -0219  -0.652t00.215 323 20.345
DBP
General analyses 42 -0.092  -0.210to 0.027 129 68.727
Both sexes 19 -0.242  -0.409 to -0.075 004* 62.605
Only boys 13 0.131 -0.007 to 0.270 063 17.041
Only girls 10 0054  -0.112t00.220 526 45.189
Aerobic 3 -0.158  -0.665 t0 0.349 541 68.119
Combined 5 -0.181  -0.791 t0 0.429 561 68.923
HIT 11 0060  -0.139t00.259 554 0
Sports 19 -0.154  -0.327 t0 0.020 083 81.506
Strength 3 -0.062  -0.446t00.322 752 0
e
General analyses 31 -0.146  -0.301 to 0.009 064 74.175
Both sexes 15 -0206  -0.607 t0 0.195 314 85.733
Only boys 10 -0.028  -0.134t00.078 607 0
Only girls 5 -0.070  -0.204 to 0.064 304 19.388
Aerobic 5 -0463  -1.450t00.523 357 92.349
Combined 3 0.058 -0.320 to 0.436 763 0
HIT 5 -0274  -0.595t0 0.048 095 0
Sports 13 -0017  -0.092 t0 0.058 655 0
Strength 3 0.001 -0.340 t0 0.342 996 0
HDL
General analyses 29 0.217 0.051t00.383 010%* 54.151
Both sexes 15 0.204 0.053 t0 0.356 008* 7.383
Only boys 9 0.383 0.013t00.756 042%* 64.861
Only girls 3 -0401  -1.259to0 0.457 360 85.56
Aerobic 6 0.467 -0.033 to 0.968 067 75.197
Combined 4 0.213 -0.142 t0 0.568 240 0
HIT 6 0.055 -0.607 to 0.717 871 76913
Sports 9 0.180  -0.011t00.371 064 29.564
Strength 3 0370  -0.219t0 0.960 218 61.936
LDL
General analyses 29 -0.338  -0.550t0 -0.125 002%* 80.893
Both sexes 15 -0211  -0.596100.174 282 84.075
Only boys 10 -0.599  -1.011t0-0.187 004* 82.976
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Continued. .. Meta-analysis Heterogeneity

Analyses Number of Effect 95% 1C p value 2
comparisons size
Only girls 4 -0.092  -0.237t0 0.052 211 0
Aerobic 6 -1.056  -1.870to0-0.242 O11%* 89.342
Combined 3 -0.027  -0.405t0 0.350 887 0
HIT 5 -0490  -0.908 to -0.072 022% 29.933
Sports 11 -0.045  -0.141t0 0.052 365 0
Strength 3 -0.234  -0.8381t00.371 449 64.433
WtHR
General analyses 10 -0.277  -0.552t0-0.002 048%* 57.108
Both sexes 2 -0.165  -0.6731t00.343 524 0
Only boys 3 -0.056  -0.306t0 0.194 659 0
Only girls 5 -0.513  -1.087 t0 0.061 080 78.239
Aerobic - - - - -
Combined - - - - -
HIT 6 -0.252  -0.531t00.027 077 0
Sports 3 -0.003  -0.195t00.190 977
Strength - - - - -

Abbreviations: FMD: Flow-mediated dilation; baPWV: Brachial-ankle pulse wave velocity;
HIIT: High-intensity interval training; SBP: Systolic blood pressure; DBP: Diastolic blood
pressure; TC: Total cholesterol; HDL: High density lipoproteins; LDL: Low density lipoprotein;
WtHR: Waist-to-height ratio. * Indicates significative difference in comparison to control group

(p<0.05).

Meta-Analysis of baPWV

Data concerning baPWV were available from six studies that compared physical exercise
intervention groups with control groups, with a total of 186 participants (Figure 3). Exercise was associated
with a reduction in baPWV compared with no intervention (ES: -0.487; 95% CI, —0.780 to -0.193;
P=0.001; 12: 0%, Table 2). Exercise led to a reduction in baPWV levels of approximately 0.72 m/s in the

intervention groups compared to the control group, who did not exercise or undergo any intervention.
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Studies Estimate (95% C.I.) :
|
|
Chuensiri et al. 2017 -0.577 (-1.430, 0.276) » ;
-0.041 (-0.917, 0.836) T i
Bharath et al. 2018 -0.205 (-0.880, 0.471) : =
Lee et al. 2010 -0.769 (-1.412, -0.127) - L
-0.841 (-1.488, -0.195) »
Son etal. 2017 -0.250 (-0.968, 0.469) : -
|
|
Overall (1*2=0 % , P=0.546) -0.487 (-0.780, -0.193) <>
|
T I1 1

05 0 0.5
Standardized Mean Difference

Figure 3 - Standardized mean differences in total brachial-ankle pulse wave velocity (m/s) promoted by

exercise and control (no intervention). CI indicates confidence interval; Std diff, standardized difference.

Furthermore, subgroup analysis suggested that in studies that analyzed only girls (four studies),
baPWV was significantly reduced (0.82 m/s) after the interventions (ES: -0.544; 95% CI, -0.909 to -0.180;
P=0.003; 1: 6%, Table 2). Only boy’s and both sexes categories did not have enough studies to be analyzed
separately, therefore, there was no subgroup analysis for these categories. When we analyzed the type of
exercise, sport and combined categories did not show significant results (ES: -0.531; 95% CI, —1.154 to
0.093; P =0.095; I%: 43% and ES: -0.422; 95% CI, —0.850 to 0.006; P = 0.054; I?: 3%, respectively, Table
2). HIIT category did not have enough studies to be analyzed separately, and there was no study for the
strength and aerobic categories, therefore, there was no subgroup analysis for these categories.

The results of the meta-regression analysis showed that mean chronological age, BMI, Weekly
training frequency, Follow-up duration, and Session duration were not associated with improvements in

baPWYV after physical exercise interventions (Table 3)

Table 3: Meta-regression of Moderators of the cardiometabolic health

Outcome/moderator Number of B 95% IC p value
study estimates
baPWV 6
Age 5 -0.001 -0.231t0 0.229 996
BMI 6 0.026 -0.100 to 0.153 683
Follow-up duration 6 -0.174 -0.549 t0 0.201 363
Session duration 5 0.048 -0.026 to 1.222 204
Weekly frequency 6 -0.053 -0.368 t0 0.262 741
SBP 38
Age 34 -0.067 -0.106 to -0.028 <.001*
BMI 36 -0.051 -0.076 to -0.026 <.001*
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Number of B 95% IC p value

Outcome/moderator study estimates
Follow-up duration 38 0.004 -0.001 t0 0.010 091
Session duration 37 0.002 -0.001 to 0.006 229
Weekly frequency 36 -0.028 -0.156 to 0.099 664
HDL 29
Age 24 -0.052 -0.131 t0 0.027 194
BMI 25 0.036 0.012 t0 0.061 004*
Follow-up duration 29 0.003 -0.016 to 0.023 728
Session duration 26 0.007 -0.003 t0 0.018 186
Weekly frequency 29 0.023 -0.151t0 0.196 197
LDL 27
Age 24 -0.015 -0.122 t0 0.092 783
BMI 24 -0.036 -0.085t00.013 151
Follow-up duration 27 0.008 -0.016 to0 0.032 509
Session duration 25 0.002 -0.006 to 0.009 648
Weekly frequency 27 0171 -0.084 to 0.427 189
WtHR 6
Age 6 -0.062 -0.144 t0 0.020 137
BMI 6 -0.073 -0.119 to -0.028 001%*
Follow-up duration 6 0.029 0.009 to 0.048 004
Session duration 6 0.002 -0.016 to 0.020 828
Weekly frequency 6 0.134 -0.055 t0 0.323 164

Abbreviations: B: Coefficients; baPWV: Brachial-ankle pulse wave velocity; BMI: body mass index;
SBP: Systolic blood pressure; HDL: High density lipoproteins; LDL: Low density lipoprotein; WtHR:
Waist-to-height ratio. * Indicates significant moderating effect (p<0.05).

Meta-Analysis of SBP

Data concerning SBP were available from 38 studies that compared physical exercise intervention
groups with control groups, with a total of 5335 participants (Figure 4). Exercise was associated with a
reduction in SBP compared with no intervention (ES: -0.200; 95% CI, —0.330 to -0.069; P=0.003; I*: 76%,
Table 2). Exercise led to a reduction in SBP levels of approximately 2.08 mmHg in the intervention groups

compared to the control group, who did not exercise or undergo any intervention.
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Studies Estimate (95% C.I.) :
|
Chuensiri et al. 2017 -0.154 (-0.991, 0.683) R
Farpour-Lambert et al. 2009 -0.559 (-1.161, 0.044) —a——
Kelly et al. 2004 -0.419 (-1.305, 0.467) -
Yuetal. 2016 -0.138 (-0.774, 0.499) —a—
Bharath et al. 2018 0.535 (-1.427, 0.357) .
Lee et al. 2010 -0.173 (-0.848, 0.501) —_——
Son et al. 2017 -3.931 (-4.992, -2.869) = |
Sung et al. 2018 -1.259 (-1.937, -0.581) —_— :
Brinco et al. 2021 -0.328 (-1.005, 0.348) —
Buchan et al. (a) 2011 -0.132 (-0.754, 0.490) SN S—
Buchan et al. (b) 2013 -0.102 (-0.549, 0.345) — -
Cvetkovic et al. 2018 -0.237 (-1.051, 0.578) 4*——
Davis et al. 2019 -0.026 (-0.323, 0.270) —:—.—
Delgado-Floody et al. (a) 2018 0.169 (-0.572, 0.909) —_—
Ewart et al. 1998 -0.229 (-0.648, 0.190) —i——
Faria et al. 2020 -0.274 (-0.820, 0.272) —.:——
Fripp & Hodgson 1987 0.168 (-0.574, 0.910) —
Garcia-Hermosa et al. 2020 -0.110 (-0.428, 0.208) —:-—
Giannaki et al. 2016 -0.607 (-1.250, 0.035) —a ]
Jeon et al. 2013 0.402 (-0.622, 1.427) : -
Kim et al. (a) 2007 0.333 (-0.444, 1.109) _:_._
Kim et al. (b) 2020 -0.332 (-0.901, 0.238) _.JI__
Knox et al. 2012 -0.300 (-0.629, 0.028) —.JI—
Larsen et al. 2018 -0.186 (-0.460, 0.088) —I.——
Martinez-Vizcaino et al. (a) 2008 0.229 (0.062, 0.396) e 3
Martinez-Vizcaino et al. (b) 2008 0.125 (-0.041, 0.291) R =
McMurray et al. 2002 -0.502 (-0.671, -0.333) -.-:
Meng et al. 2022 -0.770 (-1.583, 0.043) ————
Norris et al. 1992 -0.421 (-1.146, 0.304) —I—:——
Oliveira et al. 2021 -0.025 (-0.926, 0.876) T
Patspoulou et al. 2017 -0.637 (-1.002, -0.271) —
Resaland et al. (a) 2011 -0.236 (-0.496, 0.025) ——
Resaland et al. (b) 2017 -0.278 (-0.580, 0.024) _.I_
Rosenkraz et al. 2012 0.055 (-0.926, 1.035) ;
Salcedo-Aguilar et al. 2010 0.454 (0.264, 0.644) | E
van Biljon et al. 2018 -0.193 (-0.735, 0.349) —_—
Vasconcellos et al. 2015 -0.414 (-1.299, 0.472) —_—
Wong et al. (b) 2008 -0.649 (-1.470, 0.172) ——
Delgado-Floody et al. (b) 2018 0.163 (-0.378, 0.704) —*I—*—
Delgado-Floody et al. (c) 2018 0.179 (-0.611, 0.969) —_—t
Delgado-Floody et al. (d) 2018 -0.106 (-0.769, 0.556) — -
Martinez-Vizcaino et al. (c) 2022 0.038 (-0.248, 0.325) jr
Martinez-Vizcaino et al. (d) 2022  -0.017 (-0.289, 0.254) |
Salcedo Aguilar et al. (b) 2010 0.260 (0.075, 0.446) ! -
|
Overall (1*2=7648 % , P< 0.001) -0.200 (-0.330, -0.069) <>
|
r T T T :
-4 El 0

3 2
Standardized Mean Difference

Figure 4 - Standardized mean differences in systolic blood pressure (mmHg) promoted by exercise and control (no

intervention). CI indicates confidence interval; Std diff, standardized difference.

Furthermore, subgroup analysis suggested that in studies that analyzed only girls (10 studies) and

both sexes (21 studies), SBP was significantly reduced after interventions (2.17 mmHg in only girls,
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ES: -0.373; 95% CI, -0.732 to -0.015; P = 0.041; 1% 88%, Table 2 and 3.12 mmHg in both sexes,
ES: -0.277; 95% CI, -0.368 to -0.185; P<0.001; 1>: 7%, Table 2). Only boy’s category (13 studies) did not
obtain a significant result (ES: -0.025; 95% CI, —0.236 to 0.186; P= 0.818; I?: 58%, Table 2). When we
analyzed the type of exercise, the aerobic (three studies) showed a significant reduction in SBP (3.11
mmHg) after the interventions (ES: -0.284; 95% CI, —0.533 to -0.036; P=0.025; 1%: 0%, Table 2). However,
the other categories did not show significant results (HIIT [seven studies {ES: -0.077; 95% CI, —0.276 to
0.121; P=0.446; 1: 0%}], Sport [19 studies {ES: -0.143; 95% CI, —0.301 to 0.015; P= 0.076; 1% 81%}],
Strength [three studies {ES: -0.219; 95% CI, —0.652 to 0.215; P= 0.323; I?: 20%}] and Combined [five
studies {ES: -0.970; 95% CI, —-2.186 to 0.246; P=0.118; 12: 90%}], Table 2).

The results of the meta-regression analysis showed that mean age and BMI were inversely
associated with SBP changes (3: —0.067; 95% CI, —0.106 to —0.028; P<0.001 e 3: —=0.051; 95% CI,-0.076
to —0.026; P<0.001, respectively, Table 3). In contrast, weekly training frequency, follow-up duration, and
session duration were not associated with improvements in SBP after physical exercise interventions. That

is, the greater the chronological age and BMI, the greater the effect of physical exercise in reducing SBP.

Meta-Analysis of DBP
Data concerning DBP were available from 36 studies that compared physical exercise intervention
groups with control groups, with a total of 5,170 participants (Figure 5). No significant differences were

found for DBP (ES: —0.092; 95% CI, —0.210 to 0.027; P= 0.129; I>: 68%, Table 2).
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Studies Estimate (95% C.I.) X
I
Chuensiri et al. 2017 -0.340 (-1.182, 0.502) -
Farpour-Lambert et al. 2009 -0.697 (-1.305, -0.088) = :
Kelly et al. 2004 -1.179 (-2.128, -0.229) = |
Yuetal. 2016 -0.095 (-0.731, 0.541) *
Bharath et al. 2018 -0.687 (-1.589, 0.215) - L
Lee et al. 2010 0.854 (0.206, 1.501) I =
Son etal. 2017 -0.361 (-0.986, 0.263) -—
SB?;“;C?;]‘;‘IZOZBZ 0.006 (-0.666, 0.679) :
. 1
Buchan et al. (a) 2011 2122 :_g;z: g:;: ! :
Buchan et al. (b) 2013 ! . [
Cvetkovic et al. 2018 -0.628 (-1.505, 0.249) = i
Davis et al. 2019 0.199 (-0.098, 0.496) -
Delgado-Floody et al. (a) 2018 0.187 (-0.554, 0.927) 1
Ewart et al. 1998 0.053 (-0.365, 0.471) —:u—
Faria et al. 2020 -0.488 (-1.040, 0.063) L \
Fripp & Hodgson 2020 0.282 (-0.462, 1.027) : L
Garcia-Hermosa et al. 2020 -0.238 (-0.557, 0.081) i ;
Giannaki et al. 2016 -0.277 (-0.908, 0.354) :
Jeon et al. 2013 -0.638 (-1.677, 0.402) T
Kim et al. (a) 2007 0.450 (-0.331, 1.230) : -
Kim et al. (b) 2020 -0.536 (-1.112, 0.040) = :
Knox et al. 2012 0.091 (-0.236, 0.418) — -
Larsen et al. 2018 -0.240 (-0.515, 0.034) —
Martinez-Vizcaino et al. (a) 2008 0.284 (0.097, 0.470) : ——
Martinez-Vizcaino et al. (b) 2008 0.103 (-0.063, 0.269) :__._
McMurray et al. 2002 -0.571 (=0.741, -0.402) B \
Meng et al. 2022 -0.343 (-1.134, 0.447) P
Norris et al. 1992 -0.432 (-1.157, 0.294) - :
Oliveira et al. 2021 ~0.301 (-1.207, 0.605) - :
;a“plouzoutetlai'?ggl -0.701 (-1.068, -0.334) —a—
esalana et al. (a
Resaland et al. (b) 2017 :gﬂ; ::223; ‘gg;: = .
Rosenkraz et al. 2012 ! : \
Salcedo Aguilar et al. (a) 2010 9.291 (9.103, 0.480) N
van Biljon et al. 2018 -0.300 (-0.844, 0.243) -
Vasconcellos et al. 2015 -0.167 (-1.045, 0.711) =
Wong et al. (b) 2008 -0.146 (-0.947, 0.656) =
Delgado-Floody et al. (b) 2018 0.296 (-0.246, 0.839) ; =
Delgado-Floody et al. (c) 2018 0.237 (-0.554, 1.028) : =
Delgado-Floody et al. (d) 2018 0.390 (-0.276, 1.056) T =
Martinez-Vizcaino et al. (c) 2022 0.029 (-0.258, 0.316) I
Martinez-Vizcaino et al. (d) 2022 -0.022 (-0.294, 0.250) X
Salcedo Aguilar et al. (b) 2010 0.148 (-0.036, 0.333) :——.—
1
Overall (1"2=6873 %, P< 0.001) -0.092 (-0.210, 0.027) <
I
r T T T L T T
-2 -15 1 0.5 0 0.5 1

Standardizéd Mean Difference

Figure 5 - Standardized mean differences in diastolic blood pressure (mmHg) promoted by exercise and

control (no intervention). CI indicates confidence interval; Std diff, standardized difference.

Furthermore, subgroup analysis suggested that in studies that analyzed both sexes (19 studies),
DBP was significantly reduced after the interventions (2.28 mmHg, ES: -0.242; 95% CI, —0.409 to -0.075;
P=0.004; I*: 62%, Table 2). However, only girls (9 studies) and only boys (12 studies) categories did not
obtain a significant result (ES: 0.054; 95% CI, —-0.112 to 0.220; P= 0.526; I?: 45% e ES: 0.131; 95% CI,

—0.007 to 0.270; P= 0.063; 12: 17%, respectively, Table 2). When we analyzed the type of exercise, no
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category showed significant results (HIIT [eight studies {ES: 0.060; 95% CI, —0.139 to 0.259; P= 0.554;
I2: 0%} ], Sport [17 studies {ES: -0.154; 95% CI, —0.327 to 0.020; P= 0.083; 1% 81%}], Aerobic [three
studies {ES: -0.158; 95% CI, —0.665 to 0.349; P= 0.541; I?: 68%}], Strength [three studies {ES: -0.062;
95% CI, —0.446 to 0.322; P=0.752; I?>: 0%}] and Combined [five studies ES: -0.181; 95% CI, —-0.791 to

0.429; P= 0.561; I: 68%}], Table 2).

Meta-Analysis of TC
Data concerning TC were available from 31 studies that compared physical exercise intervention
groups with control groups, with a total of 3,480 participants (Figure 6). No significant differences were

found for TC (ES: -0.146; 95% CI, —-0.301 to 0.009; P=0.064; I>: 74%, Table 2).

Studies Estimate (95% C.I.) :
I
Chuensiri et al. 2017 -0.477 (-1.325, 0.370) [ ;
|
-0. -0. R . —
Farpour-Lambert et al. 2009 0.158 (-0.750, 0.434) ‘
0.781 (-0.128, 1.690) | -
Kelly et al. 2004 -0.000 (-0.636, 0.636) ‘
Yu et al. 2016 -0.242 (-0.918, 0.434) ‘
0.000 (-0.483, 0.483)
Lee et al. 2010 0.245 (-0.052, 0.543) 1
0.060 (-0.484, 0.604 !
Buchan et al. (b) 2013 ( ) ;
-0.353 (-1.099, 0.394) -l
Davis et al. 2019 0.108 (-0.664, 0.880) .
. -1.991 (-2.387, -1.594) ——
Faria et al. 2020 1.991 ( 7, -1.594) \
0.013 (-0.153, 0.180)
Fripp & Hodgson 1987 0.022 (-0.144, 0.188) i
. -0.248 (-1.035, 0.540) =§
Kim et al. (a) 2007 -0.748 (-1.762, 0.265) ™ -
Knox et al. 2012 -0.075 (-0.262, 0.113) —«‘.{—

P oo -0.705 (-1.608, 0.198) = :
Martinez-Vizcaino et al. (a) 2008 0.239 (-0.564, 1.042) ! -
Martinez-Vizcaino et al. (b) 2008 0.146 (-0.141, 0.433) —-—

0.038 (-0.233, 0.310) — .
Meng et al. 2022 -0.182 (-0.367, 0.003) —i—
1
Rosenkraz et al. 2012 0.148 (-0.332, 0.628) —_—t -
Salcedo Aeuil 1 2010 -0.009 (-0.645, 0.628) .
alcedo Aguilar et al. () 0.155 (-0.293, 0.603) +*—
Vasconcellos et al. 2015 -0.602 (-1.438, 0.234) = ‘
-0.052 (-0.929, 0.825) -
Wong et al. (b) 2008 ~0.226 (-0.901, 0.448) - @
Martinez-Vizcaino et al. (c) 2022 -0.226 (-0.844, 0.392) B
Martinez-Vizeat L d) 2022 -0.216 (-1.129, 0.698) =l
artinez-Vizcaino et al. (d) 20.080 (-0.774, 0.613) n
Salcedo Aguilar et al. (b) 2010 -0.472 (-1.100, 0.157) R
I
Overall (12=7417 %, P< 0.001) -0.146 (-0.301, 0.009) <>
I
L
r T 1

-1 0 1
Standardized Mean Difference

Figure 6 - Standardized mean differences in total cholesterol (mg.dL!') promoted by exercise and control (no

intervention). CI indicates confidence interval; Std diff, standardized difference.
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Furthermore, subgroup analysis suggested that in studies that analyzed both sexes (15 studies [ES:
-0.206; 95% CI, —0.607 to 0.195; P=0.314; I?: 85%], Table 2), only girls (four studies [ES: -0.070; 95%
CI, -0.204 to 0.064; P=0.304; I>: 19%], Table 2) e only boys (nine studies [ES: -0.028; 95% CI, —-0.134 to
0.078; P= 0.607; I%: 0%], Table 2) no significant differences were found. When we analyzed the type of
exercise, no category showed significant results (HIIT [five studies {ES: -0.274; 95% CI, —0.595 to 0.048;
P=0.095; I?: 0%} ], Sport [10 studies {ES: -0.017; 95% CI, —-0.092 to 0.058; P= 0.655; I>: 0%}], Aerobic
[five studies {ES: -0.463; 95% CI, —1.450 to 0.523; P=0.357; 1>: 92%}], Strength [three studies {ES: 0.001;
95% CI, —0.340 to 0.342; P=0.996; 1>: 0%}] and Combined [three studies ES: 0.058; 95% CI, —0.320 to

0.436; P=0.763; I 0%}], Table 2).

Meta-Analysis of HDL

Data concerning HDL were available from 29 studies that compared physical exercise intervention
groups with control groups, with a total of 1,516 participants (Figure 7). Exercise was associated with an
increase in HDL compared with no intervention (ES: 0.217; 95% CI, 0.051 to 0.383; P= 0.010; 1% 54%,
Table 2). Exercise led to an increase in HDL levels of approximately 2.61 mg-dL-! in the intervention

groups compared to the control group, who did not exercise or undergo any intervention.
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Studies Estimate (95% C.I.) :
Chuensiri et al. 2017 -0.205 (-1.043, 0.633) - i
Farpour-Lambert et al. 2009 -0.245 (-0.838, 0.348) —
Kelly et al. 2004 0.689 (-0.214, 1.591) - 3
Yuetal.2016 -0.189 (-0.826, 0.449) —_—.
Lee et al. 2010 0.020 (-0.653, 0.694) S
Buchan et al. (b) 2013 0.090 (-0.415, 0.594) — -
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Fripp & Hodgson 1987 0.975 (0.191, 1.758) ‘, -
Jeon et al. 2013 0.201 (-0.816, 1.218) '-T
A 0.035 (-0.736, 0.807) ‘
Kim et al. (a) 2007 0.000 (-0.341, 0.341) *;—f—
Knox et al. 2012 0.300 (-0.489, 1.089) .
Meng et al. 2022 0.284 (-0.701, 1.268) -
Rosenkraz et al. 2012 0.254 (-0.626, 1.134) L=
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Figure 7 - Standardized mean differences in total HDL (mg.dL') promoted by exercise and control (no

intervention). CI indicates confidence interval; Std diff, standardized difference.

Furthermore, subgroup analysis suggested that in studies that analyzed only boys (nine studies)
and both sexes (15 studies), HDL was significantly increased after the interventions (5 mg-dL"! in only
boys, ES: 0.383; 95% CI, 0.013 to 0.753; P = 0.042; I?: 64%, Table 2 and 2.01 mg-dL~" in both sexes,
ES: 0.204; 95% CI, 0.053 to 0.356; 0.008; 1>: 7%, Table 2). Only girl’s category (three studies) did not
obtain a significant result (ES: -0.401; 95% CI, —1.259 to 0.457; P= 0.360; I?: 83%, Table 2). When we
analyzed the type of exercise, no category showed significant results (HIIT [six studies {ES: 0.055; 95%
CI, -0.607 to 0.717; P=0.871; 1>: 76%}], Sport [eight studies {ES: 0.180; 95% CI, -0.011 to 0.371; P=
0.064; I%: 29%}], Aerobic [six studies {ES: 0.467; 95% CI, —-0.033 to 0.968; P=0.067; 1>: 75%}], Strength
[three studies {ES: 0.370; 95% CI, —0.219 to 0.960; P=0.218; I>: 61%}] and Combined [four studies{ES:

0.213; 95% CI, —0.142 to 0.568; P=0.240; I*: 0%}], Table 2).
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Results of the meta-regression analysis showed that BMI was directly associated with HDL
changes (3: 0.036; 95% CI, 0.012 to 0.061; P= 0.004, Table 3). In contrast, mean age, weekly training
frequency, follow-up duration, and session duration were not associated with improvements in HDL after
physical exercise interventions. That is, the greater the BMI, the greater the effect of physical exercise in

increasing HDL.

Meta-Analysis of LDL

Data concerning LDL were available from 29 studies that compared physical exercise intervention
groups with control groups, with a total of 2,382 participants (Figure 8). Exercise was associated with a
reduction in LDL compared with no intervention (ES: —0.338; 95% CI, —0.550 to —0.125; P= 0.002; I*
80%, Table 2). Exercise led to a reduction in LDL levels of approximately 8.17 mg-dL-! in the intervention

groups compared to the control group, who did not exercise or undergo any intervention.
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Figure 8 - Standardized mean differences in total LDL (mg.dL"') promoted by exercise and control (no

intervention). CI indicates confidence interval; Std diff, standardized difference.

Furthermore, subgroup analysis suggested that in studies that analyzed only boys (10 studies),

LDL was significantly reduced after interventions (15.10 mg.dL-!, ES: -0.599; 95% CI, -1.011 to -0.187;

P=0.004; 1>: 82%, Table 2). Only girls (four studies) and both sexes (15 studies) categories did not obtain

a significant result (ES: -0.092; 95% CI, -0.237 t0 0.052; P=0.211; 1%: 0% and ES: -0.211; 95% CI,-0.596

to 0.174; P=0.282; I?: 84%, respectively, Table 2). When we analyzed the type of exercise, the HIIT (five

studies) and aerobic category (six studies) showed a significant reduction in LDL after the interventions

(15.24 mg.dL! in HIIT, ES: -0.490; 95% CI, —0.908 to -0.072; P= 0.022; I*: 29% and 21.33 mg.dL"! in

aerobic, ES: -1.056; 95% CI, —1.870 to -0.242; P= 0.011; I>: 89%, respectively, Table 2). However, the

other categories did not show significant results (Sport [nine studies {ES: -0.045; 95% CI, —0.141 to 0.052;

P=0.365; I: 0%} ], Strength [three studies {ES: -0.234; 95% CI, —0.838 to 0.371; P=0.449; I>: 64%}] and

Combined [three studies {ES: -0.027; 95% CI, —0.405 to 0.350; P=0.887; I?>: 0%}], Table 2).
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Results of meta-regression analysis showed that mean age, BMI, weekly training frequency,
follow-up duration, and session duration were not associated with improvements in LDL after the physical

exercise interventions.

Meta-Analysis of Waist-to-Height Ratio

Data concerning WtHR were available from six studies that compared physical exercise
intervention groups with control groups, with a total of 705 participants (Figure 9). Exercise was associated
with a reduction in WtHR compared with no intervention (ES: —0.277; 95% CI, —-0.552 to —0.002;
P=0.048; I?: 57%, Table 2). Exercise led to a reduction in WtHR of approximately 0.01 in the intervention

groups compared to the control group, who did not exercise or undergo any intervention.
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Figure 9 - Standardized mean differences in Waist-to-Height Ratio promoted by exercise and control (no

intervention). CI indicates confidence interval; Std diff, standardized difference.

Furthermore, subgroup analysis suggested that in studies that analyzed both sexes (two studies,
ES: -0.165; 95% CI, -0.673 to 0.343; P=0.524; I>: 0%, Table 2), only girls (four studies, ES: -0.513; 95%
CI, -1.087 to 0.061; P=0.080; I%: 78%, Table 2) and only boys (two studies, ES: -0.056; 95% CI, —0.306
to 0.194; P=0.659; 1%: 0%, Table 2) no significant differences were found. When we analyzed the type of
exercise, the HIIT (three studies) and sport category (two studies) did not obtain a significant result (ES: -
0.252; 95% CI, —0.531 to 0.027; P=0.077; I*: 0% and ES: -0.003; 95% CI, -0.195 to 0.190; P= 0.977; I*

0%, respectively, Table 2). Combined category did not have enough studies to be analyzed separately, and
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there was no study for the strength and aerobic categories, therefore, there was no subgroup analysis for
these categories.

Results of meta-regression analysis showed that BMI was inversely associated (3: - 0.073; 95%
CI,-0.119 t0 -0.028; P=0.001, Table 3) and follow-up duration was directly associated (3: 0.029; 95% ClI,
0.009 to 0.048; P=0.004, Table 3) with WtHR changes. In contrast, mean age, weekly training frequency
e session duration were not associated with improvements in WtHR after the physical exercise
interventions. That is, the greater the BMI or the shorter the duration, the greater the effect of physical

exercise in reducing WtHR.

Discussion

This systematic review and meta-analysis aimed to analyze the effects of supervised and structured
physical exercise on the cardiometabolic health of children and adolescents. The main findings of this study
demonstrate that: (1) physical exercise interventions are efficient in inducing positive effects on
cardiometabolic health, significantly reducing bapWV, SBP, LDL, and WthR and increasing HDL; (2)
some of these effects are mediated by sex and type of exercise used in the intervention; (3) when sex
categories were analyzed separately, a significant SBP reduction was found in studies of both sexes and
only girls, a significant increase in HDL was found in studies of both sexes and only boys, and a significant
reduction in LDL was found in only boys; (4) individual analysis on the type of exercise categories revealed
a significant reduction in SBP for aerobic exercise, and also in LDL for aerobic and HIIT exercises; (5) for
the types of exercise, effects experienced by the aerobic exercise for the SBP and aerobic and HIIT exercises
for the LDL variable were found; and (6) mean age and BMI moderating SBP results, BMI moderating
HDL, and BMI and follow-up duration moderating WthR. These findings were found to be statistically
significant, and we will compare them with data available in the literature.

In the present study, the endothelial function assessed through FMD did not obtain significant
results after the physical exercise interventions in children and adolescents. Although few, some meta-
analyses have analyzed the effects of physical exercise on the cardiovascular health of children and
adolescents. Contrary to our findings, Cheng et al. (2022) observed improvements in FMD after physical
exercise interventions with overweight and obese children, compared with the control group (no
intervention). Subgroup analysis demonstrated that physical exercise increased FMD regardless of BMI

(above or below 30 kg/m?) and age (below or above 14 years old) [19]. Dias et al. (2015) also found
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favorable results in FMD of obese children after physical exercise intervention, with an increase of 1.54%
being observed [20]. The main reason for improvements in FMD be expected with physical exercise is due
to the increase in the bioavailability of nitric oxide that ensues. Physical exercise increases shear stress on
the vessel wall acutely in response to increased blood flow, increasing acute and chronic oxide nitric
production, increasing vasodilation, and consequently improving vascular function. These FMD increases
are important for cardiometabolic health, because a 1% reduction in FMD is associated with a 13% increase
in cardiovascular events [15].

Although substantial results have been reported by different studies that analyzed FMD, contrary
to expectations, the present meta-analysis did not find a significant result. This rather contradictory result
may be due to one of our four studies included in the meta-analysis. The study by Farpour-Lambert et al.
(2009) [35] was the only one that did not obtain a significant increase in FMD after physical exercise
intervention. This is probably due to the moderate-intensity of the physical exercise intervention, if we
compare it with the intensity of the other three included studies, resulting in not being effective in improving
FMD. Another possibility for explain our result is the small number of studies included, despite their low
heterogeneity (49%). In addition, the eligibility criteria for this meta-analysis were strict and only included
studies conducting structured and supervised exercises. Studies where in physical exercise was performed
through video games or took place without professional supervision were not considered. Studies with
physical exercise interventions combined with other interventions, such as nutritional guidance or changes
in lifestyle habits, were also not included, as this would increase the heterogeneity of the studies, could
affect the results, and be a confounding factor. Essentially, we would not be able to dissociate whether the
observed effect was due to physical exercise or changes in habits that affected the results. Thus, the results
of the present study show that FMD can be unaffected by physical exercise interventions in children and
adolescents. Therefore, more interventions are needed to identify the best way exercise prescription to
improve FMD.

As an important marker of cardiometabolic health, arterial stiffness, assessed through baPWV,
significantly decreased by 0.72 m/s after the interventions. In addition, to finding beneficial results
regarding FMD, the study by Cheng et al. (2022) found a reduction in PWV after physical exercise
interventions. When subanalyses were performed, PWV decreased only in children up to 14 years of age,
with BMI below 30 kg/m?, and only in interventions with aerobic and HIIT. These results that show

improvements only in individuals younger than 14 years suggest the effects of physical exercise on
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promoting vascular plasticity and structural remodeling may have a chronological age threshold. The
effects of physical exercise on PWV are influenced by the subjects' age, especially since chronological age
alone is already a factor that increases arterial stiffness [36]. Furthermore, the reduction in PWV only in
children with BMI up to 30 kg/m? may have occurred due to the remodeling characteristics of the vascular
structure, which may be responsible for the long-term effects resulting from obesity, where short
interventions are not enough to reverse these changes [19]. Comparisons of different types of exercise
showed that the strength category, when analyzed alone or together with aerobic (combined), was not
effective in promoting improvements, which was expected and found in other studies [37, 38]. The present
study also found significant PWV reductions after structured and supervised exercise interventions,
demonstrating improvement in arterial stiffness in children and adolescents. However, no significant
differences were found when the types of exercise were analyzed separately. Since only one study
performed intervention with HIIT and no studies were found with aerobic and strength, performing a
subanalysis with these types of exercise was impossible.

In the adult population, there are contradictory results about the effects of strength training. Some
studies have found improvements in PWV with this type of exercise [39], while others have not found an
effect [37, 38, 40], and unfavorable results have also been found, as in the study by Li et al. (2014), who
found an increase of 3 m/s in PWV after a high-intensity strength training intervention (> 80% of 1
maximum repetition) [41] . A possible explanation for this finding is that the acute increase in blood
pressure after vigorous strength training affected arterial stiffness. However, according to the authors, the
interpretation of these findings is inconclusive since this meta-analysis included studies with very different
intervention methodologies and several confounding factors (medication and diet). The types of exercise
in the present study, sport and combined, may not have obtained a significant difference due to the strength
component of the combined training (aerobic plus strength), since the aerobic exercises are more effective,
according to the literature. Also, since the sport category included different sports modalities, it may be that
the intensity of these modalities was not sufficiently to induce adaptative responses in comparison to
aerobic interventions.

Regarding differences between sex, the present study found a greater effect size for only girls (ES:
-0.544), with a reduction of 0.81 m/s, which is a greater reduction than that of all together in the general
analysis. Although sub-analyses were not performed for both sexes and only boys, as each category had

only one article, it was possible to verify that only girls may be more responsive to this variable when
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evaluated separately. Additionally, none of the potential moderators analyzed in the present study was
related to changes in PWV, unlike the aforementioned study, which found greater effects when participants
had BMI above 30 kg/m? [19]. The possible absence of moderators for the baPWV data may be because
the six studies included in the analysis are methodologically similar, which results in a low heterogeneity
of the results. Therefore, to deepen knowledge regarding the influence of sex, age, BMI, type of exercise,
and different training variables on arterial stiffness, it is suggested that more interventions be carried out,
mainly with longer follow-up (> 12 weeks), since the articles found had shorter interventions.

A 1 m/s increase in PWV has been associated with a 15% increase in the mortality risk from CVD
[16]. Therefore, the results of the present meta-analysis for PWV are very significant even if the analyzed
individuals do not yet have cardiovascular diseases because reducing PWV with these interventions is
important in maintaining and improving cardiometabolic health. Moreover, this adds to the studies'
suggestions that PWV predicts blood pressure progression and may be a valuable tool for predicting the
outcome risk of hypertension in young adults [42]. Furthermore, since arterial stiffness is a common
subclinical process in most cardiovascular diseases, the findings of this meta-analysis support that exercise
can be included as an intervention for the management of CMREF in children and adolescents.

Regarding the blood pressure results found in the present study, with significant reductions in SBP
and no differences in DBP, when we evaluate the subanalysis, we can observe that it was possibly the
results of studies with girls (whether they were analyzed alone or together with boys), which made the
results obtain significance in SBP. This is because only in the general analysis and in the categories only
girl’s and both sexes were significant reductions found. Corroborating the guidelines that reinforce the
importance and indicate aerobic exercises to manage blood pressure in prehypertensive and hypertensive
individuals [43], as this type of exercise is able to reduce blood pressure even in individuals with resistant
hypertension [44], in this study only the aerobic exercise obtained a significant reduction in SBP (3.1
mmHg). On the one hand, studies found in the literature did not find significant differences when comparing
types of exercise; regardless of the type of exercise, a reduction in blood pressure is expected, especially in
SBP [45-47]. On the other hand, some studies found significant improvements only with aerobic exercise
[48]. Even though studies with hypertensive children and adolescents were not included in the present meta-
analysis, a significant improvement in SBP was still found for the aerobic exercise, while the other types
of exercise did not reach this significance. A possible explanation for the lack of significant reductions in

DBP could be due to the condition of the participants included in the studies, who were not hypertensive
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and physical exercise interventions tend to reduce both SBP and DBP in this population [49]. Even if no
significant reduction in DBP was found, it is important to emphasize that the elevation of SBP better
predicts the risk for CVD when compared to DBP [50, 51]. Furthermore, systolic arterial hypertension is
more common with aging [52]. When projecting long-term improvements, a 10 mmHg reduction in SBP
may be associated with a 40% reduction in the risk of death from stroke and approximately 30% less
mortality risk from ischemic heart disease in middle-aged people. Even a long-term reduction of 2 mmHg
can result in a 10% reduction in mortality from myocardial infarction and approximately a 7% reduction in
the mortality risk from ischemic heart disease [51]. Therefore, reducing blood pressure in children and
adolescents, even if only systolic, is an important result for the cardiometabolic health of individuals and
may represent a reduction in the risk of death from CVD in the future.

Regarding SBP moderating factors, the higher BMI and mean age, the greater the effect size in
reducing the SBP. It is reported in the literature that overweight or obese children and adolescents have
higher values of SBP and DBP [53]; they are at greater risk of developing CVD. This was found in the
present study, as interventions where the mean BMI of the participants was closer to 30 (overweight), the
highest mean SBP values were found [35, 54-60]. The same also occurred with age, where interventions
with average age of the participants was higher, SBP values were also higher [54, 56, 57, 59-62].

It is also important to investigate other CMRF equally important for cardiovascular health such as
TC,HDL, and LDL concentrations. As the formation of fatty plaques in the arteries (atherosclerosis) begins
in childhood/adolescence with lesions called fatty streaks, which are associated with cardiovascular health,
it is important that we pay appropriate attention to these components to prevent its pathological progression
[18]. Individuals with elevated TC (>200 mg.dL") have approximately twice the risk of coronary artery
disease compared with individuals with healthy values (<180 mg.dL")[63]. Evidence shows that physical
exercise interventions are able to reduce TC and LDL and increase HDL in adults, children, and adolescents
[64], and together with other lifestyle interventions, it is the first line of treatment for early stage
dyslipidemia. Kelley et al. (2021), who investigated the effects of physical exercise on the CMRF of
children and adolescents with obesity, found significant HDL increases (5.3 mg.dL") and LDL reductions
(17.5 mg.dL") with aerobic interventions, while no significant reductions were found in TC [64].These
results are similar to the present study, where in a significant increase in HDL of approximately 2.16
mg.dL! and a reduction in LDL of 8.17 mg.dL-! were found. Given that subjects had normal levels of LDL

and HDL (no reported dyslipidemia), these results suggest that physical exercise interventions may help
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prevent lifelong cholesterol changes. When we take into account sex and types of exercise, a significant
increase in HDL was found for the interventions that evaluated only boys and both sexes, with no
differences between the types of exercise, while a significant reduction in LDL was found in only boys for
aerobic and HIIT interventions. Mean age was moderating HDL results; that is, the greater the age, the
greater the effect of physical exercise on HDL improvements.

Waist circumference and height comprise the WtHR and are related to cardiometabolic health and
CMRF. The WtHR is a measure of central obesity and is considered the most effective anthropometric
measurement possible for screening cardiometabolic diseases [9], superior to BMI and waist circumference
measurements alone [65]. The present study found improvements in this variable after the physical exercise
interventions; the greater BMI of the participants, the greater the effect of physical exercise on the WtHR,
and the greater the follow-up duration, the smaller the effect. Maintaining physical exercise interventions,
particularly in the clinical population is difficult and long interventions have lower adherence when
compared to shorter interventions [66]. In this way, the results of the present study, which found smaller
effect sizes on the WtHR variable during longer interventions (1 to 2 years) [32, 33]. The physical exercise
effects on WtHR could potentially occur during the initial weeks of longer interventions, because when
compared with shorter interventions analyzed in the present study (approximately 10 weeks), the effect size
was smaller the longer the intervention lasted. BMI has been shown to be a moderator of WtHR, as well as
for SBP and HDL, demonstrating that individuals with higher BMI values may be more responsive to

physical exercise interventions.

Limitations and future research prospects

When conducting this systematic review with meta-analysis and meta-regression, there are some
limitations that deserve attention. First, it is important to emphasize that most of the included studies have
low scores in the evaluation of the quality of the studies, generating an average value of 7.52 points out of
a total of 15, demonstrating a high risk of methodological bias. Many intervention studies are carried out
with convenience samples; therefore, they do not present clear eligibility criteria for the inclusion of
subjects. In addition, many studies did not randomize the groups or did not detail how this randomization
was done. Regarding the blinding of study evaluators, almost none of the studies performed it, but it is

important to emphasize that this blinding is rarely considered in physical exercise intervention studies.
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In the present study, for some results obtained, high heterogeneity was found, and even performing
sensitivity and moderation analyses, it was not possible to identify the cause of this result. This may have
occurred due to the small number of studies included in the subanalyses of some variables. Like all reviews,
meta-analyses are limited by available or obtained data. Since few studies were found for some variables
(FMD, bapWV, and WtHR), it reinforces the need for further investigations on the physical exercise effects

on these parameters in the pediatric population.

Conclusion

The present meta-analysis showed that supervised and structured physical exercise interventions
promote reductions in baPWV, SBP, LDL, and WtHR while promoting an increase in HDL in children and
adolescents. Furthermore, boys seem to be more responsive to improve HDL and LDL, while girls are more
responsive to improve SBP. The aerobic exercise was more effective in promoting improvements in SBP
and LDL, and HIIT exercise was more effective to improve LDL. The SBP is moderated by the participants'
mean age and BMI, while the HDL depends on the BMI, and the WtHR on the BMI and Follow-up duration.
Session duration and weekly training frequency did not show moderating effects on any of the analyzed
variables; the frequency of physical exercise interventions or session duration did not interfere with the
results. Therefore, supervised and structured physical exercise can be an interesting way to maintain or

improve the cardiometabolic health of children and adolescents.
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Supplementary Materials

Supplementary Material 1- Prisma checklist

. Location
?gc:::on and Checklist item where item is
P reported
TITLE
Title 1 ‘ Identify the report as a systematic review. 1
ABSTRACT
Abstract 2 ‘ See the PRISMA 2020 for Abstracts checklist. 3
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of existing knowledge. 5-6
Objectives 4 | Provide an explicit statement of the objective(s) or question(s) the review addresses.
METHODS
Eligibility criteria Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.
Information Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify
sources the date when each source was last searched or consulted.
Search strategy Present the full search strategies for all databases, registers and websites, including any filters and limits used.
Selection process Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each
record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.
Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked 7
process independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in
the process.
Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each 8-9
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.
10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any | 8-9
assumptions made about any missing or unclear information.
Study risk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed 8
assessment each study and whether they worked independently, and if applicable, details of automation tools used in the process.
Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. 9
Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics N/A
methods and comparing against the planned groups for each synthesis (item #5)).
13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data 8-9
conversions.
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Section and

Topic

Checklist item

Location
where item is
reported

13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses. 9
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the 8-9
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
13e | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). 9
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. 9
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). N/A
assessment
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. 9
assessment
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included | 9
in the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. N/A
Study 17 | Cite each included study and present its characteristics. Supplementary
characteristics material
Risk of bias in 18 | Present assessments of risk of bias for each included study. 10-11
studies
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its 12-25
individual studies precision (e.g. confidence/credible interval), ideally using structured tables or plots.
Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. N/A
syntheses 20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision 12-25
(e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
20c | Present results of all investigations of possible causes of heterogeneity among study results. N/A
20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. 13-16
Reporting biases 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. N/A
Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. 12-25
evidence
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other evidence. 25
23b | Discuss any limitations of the evidence included in the review. 30-31
23c | Discuss any limitations of the review processes used. 30-31
23d | Discuss implications of the results for practice, policy, and future research. 30-31

OTHER INFORMATION
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Location

?ecglon g Checklist item where item is
opic
reported

Registration and 24a | Provide registration information for the review, including register name and registration number, or state that the review was not registered. 6
protocol 24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared. 6

24c | Describe and explain any amendments to information provided at registration or in the protocol. N/A
Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. 2
Competing 26 | Declare any competing interests of review authors. 2
interests
Availability of 27 | Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included | 2

data, code and
other materials

studies; data used for all analyses; analytic code; any other materials used in the review.
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Supplementary Material 2- Characteristics of the included studies

Sample; Age at Outcomes Follow-up Weekly training Session Physical exercise Intensity
Study baseline; Sex duration frequency duration (min)
Baghersalimi et al. (2019) n=32;1: 9.86, C: 9.66; WtHR 8 weeks 3 Walking 75-85% predicted
obese girls HRmax
Bharath et al. (2018) n=40;1: 15.6,C: 14.8; baPWV, 12 weeks 5 60 Resistance band exercises and Moderate: 15-20
obese girls SBP, DBP treadmill walking RM and 40-70%
HRR
Benson et al. (2008) n=78;1:12.3,C: 12.2; TC,HDL, 12 weeks 2 Upper and lower body strength High: 15-18 RPE
boys and girls LDL exercises using free weights and
ankle weights
Brinco et al. (2021) n=41;1: 7.86,C: 8.08; SBP, DBP 12 weeks 2 20 Lower body plyometrics,
overweight/obese boys plyometric speed and agility drills
Buchan et al. (2011) n=47;1:16.7,C: 16.3; SBP, DBP, 8 weeks 3 Running Maximal effort
boys and girls WtHR
Buchan et al. (2013) n=89;1:16.8,C: 16.6; SBP, DBP, 7 weeks 3 ~10 Running Maximal effort
boys and girls TC,HDL,
LDL
Chuensiri et al. (2017) n=48;1: 11, C:10.6; FMD, 12 weeks 3 Cycle ergometer 90% peak power
obese boys baPWV, output
SBP, DBP,
TC,HDL,
LDL
Cvetkovic et al. (2018) n=42;1: 12; C: 12; SBP, DBP 12 weeks 2 60 Soccer

overweight/obese boys
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Continued... Sample; Age at Outcomes Follow-up Weekly training Session Physical exercise Intensity
Study baseline; Sex duration frequency duration (min)
Davis et al. (2019) n=175;1:9.6,C:9.7; SBP, DBP, 8 months 5 40 Aerobic activities (e.g., tag, jump
overweight/obese boys  TC, HDL, rope)
and girls LDL
Delgado-Floody et al. (2018) n=197; 8.39; SBP, DBP, 28 weeks 2 60 Circuit (running, jumping, 80-95% predicted
overweight boys, WtHR throwing) HRmax
overweight girls,
obese boys, and obese
girls
Eliakim et al. (2000) n= 38; 16; boys TC,HDL, 5 weeks 5 30 Endurance-type training (running,
LDL aerobic
dance, and competitive sports) and
occasional weight-lifting
Ewart et al. (1998) n=99; 9; girls SBP, DBP, 18 weeks 50 Aerobic exercises
Faria et al. (2020) n=76;1:16.1,C:16.5; SBP, DBP, 12 weeks 2 Treadmill run and strength >90% Vmax and
boys and girls TC,HDL, exercises 15-20 RM/8-10
LDL RM (increasing
workloads)
Farpour-Lambert et al. (2009) n=44;1: 9.1, C: 8.8; FMD, DBP, 3 months 3 60 Aerobic and strengthening body 55-65% VO2max
obese boys and girls SBP, TC, weight and elastic band exercises
HDL, LDL
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Continued... Sample; Age at Outcomes Follow-up Weekly training Session Physical exercise Intensity
Study baseline; Sex duration frequency duration (min)
Fripp & Hodgson (1987) n=14;1:15.7,C: 159; SBP,DBP, 9 weeks 3 60-80 Free weights and machine gym
boys TC,HDL, equipments
LDL
Garcia-Hermoso et al. (2020) n=170; I: 10.18, C: SBP, DBP 8 weeks 5 30 Cooperative physical games and ~ Moderate-vigorous
10.02; boys and girls sports games
Giannaki et al. (2016) n= 39; 16; boys SBP, DBP 8 weeks 2 25 Circuit training (push ups, triceps
dips, step-on-the-box, wall ball,
bicep curls with elastic bands for
resistance, sit-ups, standing calf
raises with medicine ball, and back
raises)
Jeon et al. (2013) n=15; SBP, DBP, 12 weeks 2 50 Walking exercises and band 55-75% predicted
overweight/obese boys HDL, LDL exercises HRmax and 70%
and girls IRM
Karacabay (2009) n=40;1: 11.8,C: 11.2; HDL,LDL 12 weeks 3 65 Walking and jogging 60-65% HHR
obese boys
Kelly et al. (2004) n=25; 11; overweight FMD, SBP, 8 weeks 4 30-50 Stationary cycling 50-80% VO2peak
boys and girls DBP, TC,
HDL, LDL
Kim et al. (2007) n=26; 17; obese boys  SBP, DBP, 6 weeks 5 40 Jump rope
TC,HDL,
LDL
Kim et al. (2019) n=48;1: 15,C: 15; SBP, DBP 12 weeks 5 50 Jump rope 40-70% HRR

girls

70



Continued... Sample; Age at Outcomes Follow-up Weekly training Session Physical exercise Intensity
Study baseline; Sex duration frequency duration (min)
Knox et al. (2012) n=182;1: 124, C: SBP, DBP, 18 weeks 2 60 Brisk walking
12.1; boys and girls TC,HDL,
LDL
Larsen et al. (2018) n=291;1:9.3,C:9.3; SBP, DBP 10 weeks 3 40 Small-sided ball games, mainly
boys and girls football
Lee et al. (2010) n=54; 12-14 ; obese baPWV, 10 weeks 3 60 Soccer, basketball, football, 60-80% VO2max
boys and girls SBP, TC, baseball, hockey, badminton,
LDL healthrobics, rope skipping, and
mountain climbing
Martinez-Vizcaino et al. (2008) n=1,044;1:9.4/94,C: SBP,DBP, 24 weeks 3 90 Sports with alternative equipment Moderate
9.5/9 4; boys/girls TC (pogo sticks, frisbees, jumping
balls, parachutes, and so on),
cooperative games, dance,
recreational athletics, and muscular
strength exercises
Martinez-Vizcaino et al. (2014) n=712;1:9.4/94,C: LDL 9 months 3 90 and 150 min Basic sports games, tradicional Moderate-vigorous
9.5/9 4; boys/girls games, and other outdoor activities
such as cycling or gymkhanas
Martinez-Vizcaino et al. (2022) n=562;1:9.89/10.03, SBP,DBP, 8 months 4 53 Traditional games Vigorous
C: 10.12/10.04; TC,HDL,
boys/girls LDL, WtHR
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Continued... Sample; Age at Outcomes Follow-up Weekly training Session Physical exercise Intensity
Study baseline; Sex duration frequency duration (min)
McMurray et al. (2002) n=1,140;1: 12.3, C: SBP, DBP 8 weeks 3 30 Minisoccer, cone soccer, adapted 90-100% MAS,
12.1; boys and girls handball, three-aside basketball, about 80-90%
floor hockey, keep-away soccer, HRmax
aerobic tag, fast pass, and partner’s
strength and endurance circuit,
among others.
Meng et al. (2022) n=45;1:114,C:11; SBP, DBP, 12 weeks 3 11 Running
obese boys TC,HDL,
LDL
Norris et al. (1992) n=60;1:16.7,C: 16.7; SBP, DBP 10 weeks 2 25-30 Aerobic exercise to music. 70-75% HRmax
boys and girls

Oliveira et al. (2021) n=21;1:13.3,C: 13.2; SBP,DBP 4 weeks 3 25 Running 90% MAS

boys
Pahoo et al. (2020) n=45;1:11.13,C: HDL 12 weeks 3 45 Running 100-110% MAS

11.2;

overweight/obese boys
and girls

Patsopoulou et al. (2017) n=181; I: 14.04, C: SBP, DBP 3 months 3 45 Team sports and running games

14.04;

overweight/obese boys
and girls
Racil et al. (2013) n=34;1:15.6,C: 159; TC,HDL, 12 weeks 3 20 Running 100-110% MAS
obese girls LDL
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Continued... Sample; Age at Outcomes Follow-up Weekly training Session Physical exercise Intensity
Study baseline; Sex duration frequency duration (min)
Resaland et al. (2011) n=259;1:9.2,C:9.2; SBP, DBP 2 years 5 60 Running, relay racing, obstacle Moderate-vigorous
boys and girls courses and various forms of
active play of high-intensity nature
Resaland et al. (2017) n=259;1:9.2,C: 9.2; SBP 2 years 5 ~42 Ballgames, active play that Moderate-vigorous
boys and girls included a variety of fun activities
and games, gymnastics, running,
relay racing, obstacle courses and
jumping rope
Rosenkraz et al. (2012) n=18;1: 8.6, C: 9.6; SBP, DBP, 8 weeks 2 30 Running 100-130% MAS
boys and girls TC,HDL,
LDL
Salcedo Aguilar et al. (2010) n=1,109; 9-11; SBP, DBP, 2 years 3 90 Sports with alternative equipment
boys/girls TC (pogo sticks, frisbees, jumping
balls, small parachutes, etc)
Seo et al. (2012) n=34;1:14.7,C: 14.6; TC,HDL, 8 weeks 3 60 Yoga 40-60% HHR
obese boys LDL (heart-rate reserve)
Son et al. (2017) n=40; 15; obese baPWV, 12 weeks 3 60 Various exercises (strokes, jumps 40-70% HHR
prehypertensive girls SBP, DBP and jump rope) and badminton  (heart-rate reserve)
Stoedefalke et al. (2000) n=38; 13-14; girls TC,HDL, 20 weeks 3 25 Treadmill running, cycle and 75-85 Hrpeak
LDL rowing ergometry and stair
stepping
Sung et al. (2018) n=40; 15; obese baPWV, 12 weeks 5 50 Rope jumping 40-70% HHR
prehypertensive girls SBP, DBP (heart-rate reserve)
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Continued... Sample; Age at Outcomes Follow-up Weekly training Session Physical exercise Intensity

Study baseline; Sex duration frequency duration (min)
Tsang et al. (2009) n=20; 13.1; TC,HDL, 6 months 3 60 Kung fu
overweight/obese boys LDL, LDL
and girls
van Biljon et al. (2018) n=109; 11.1; boysand SBP, DBP, 5 weeks 3 23 Running >80% predicted
girls Hrmax
Vasconcellos et al. (2015) n=42;1:14.1,C: 14.8; SBP, DBP, 12 weeks 3 60 Soccer
obese boys and girls TC,HDL,
LDL, WtHR
Wong et al. (2008) n=24;1:13.8,C: 14.3; SBP, DBP, 12 weeks 2 45-62 Circuit based aerobic exercises, 50-85% predicted
obese boys TC,HDL, strength conditioning and/or HRmax
LDL, WtHR resistance training, and game
activities such as soccer, handball,
stair-climbing exercises and other
active recreational activities
Wong et al. (2018) n=30;1: 15.2,C:15.3; baPWV 12 weeks 3 60 Various resistant band exercises 40-70% HHR
obese girls (upper body: seated rows, biceps  (heart-rate reserve)

curl, shoulder flexion, elbow
extension, and chest press; lower
body: hip flexion, hip extension,
calf raise, leg press, and squat) and

treadmill walking

74



Continued...

Sample; Age at Outcomes Follow-up Weekly training Session Physical exercise Intensity
Study baseline; Sex duration frequency duration (min)
Yu et al. (2016) n=38;1:12.3,C:12.1; FMD, SBP, 10 weeks 2 55 min Resistance training (elbow 12 RM
boys and girls DBP, TC, extension, elbow flexion, trunk
HDL, LDL extension, trunk flexion, shoulder
press, knee extension, knee
flexion, push ups, squats, incline
dip, hip abduction, and hip
adduction)
Zehsaz et al. (2016) n=32;1:10.8,C: 10.3; TC,HDL, 16 weeks 2 60 Aerobic exercises, strength 50-85% predicted
overweight/obese boys LDL conditioning and/or resistance Hrmax
and girls training, and game activities such
as soccer, handball, stair-climbing
exercises and other active
recreational activities
Zorba et al. (2011) n=40; 11; obese boys  TC,HDL, 12 weeks 3 20-45 Walking and jogging 60-65% predicted
LDL

HR

Abbreviations: ~: Approximately; C: Control group; DBP: Diastolic blood pressure; HDL: Low-density lipoprotein; HR,.,.: Maximum heart rate; HR..: Peak

heart rate; HRR: Heart rate reserve; I: Intervention group; LDL: High-density lipoprotein; MAS: Maximal aerobic speed; N: Number of individuals; RM:

Repetition maximum; SBP: Systolic blood pressure; TC: Total cholesterol; V: Velocity; VO,,.,: Maximum oxygen consumption; WtHR: Waist-to-height ratio
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3. CONSIDERACOES FINAIS

O presente estudo traz algumas contribui¢cdes importantes para a literatura. Além
de terem sido encontrados efeitos positivos do exercicio fisico supervisionado e
estruturado sobre a saide cardiometabdlica de criancas e adolescentes, foi possivel
identificar que algumas varidveis possuem efeito moderador sobre esses resultados.
Através de subanadlises, fatores como sexo, idade cronolédgica, IMC, tipo de exercicio e a
duracdo da intervengao podem influenciar os parametros de saide cardiometabdlica. Em
contrapartida, foi possivel visualizar que alguns fatores nao sdo moderadores dos
resultados, como a durag@o das sessdes e a frequéncia semanal de treinamento, ou seja,
realizar o exercicio fisico mais ou menos vezes na semana € com duracdo de sessdao
menores ou maiores do que 60 minutos, ndo parece influenciar os resultados das varidveis
analisadas. Um ponto forte do presente estudo foi o rigor metodolégico da metanélise,
que seguiu orientacdes de diretrizes internacionais, a fim de fortalecer os resultados
encontrados. Destacamos também a importancia da participagdo de investigadores
cegados na selecdo dos estudos, evitando o viés nesta selecdo. Como diferencial dos
estudos incluidos nesta revisao, podemos destacar o fato de que, para serem incluidos, os
mesmos deveriam apresentar intervencdes somente com exercicio fisico, nao podendo
incluir intervengdes associadas, como orienta¢des nutricionais ou palestras de estilo de
vida saudavel. Neste sentido, os efeitos positivos do exercicio fisico sobre os indicadores
de saide cardiometabdlica identificados no presente estudo ndo sofreram efeito de
interferéncia de outras intervengdes. Por fim, € importante ressaltar que ainda hd uma
grande necessidade de serem avaliados os parametros de satide de criancas e adolescentes,
principalmente na fun¢do endotelial e rigidez arterial, pois hd poucos estudos que
abordam estas varidveis. Contudo, é¢ importante que estas pesquisas tenham metodologias
bem delineadas, principalmente quanto as descri¢cdes do treinamento/intervencado, para

que os resultados dos estudos sejam mais confidveis e possiveis de serem reproduzidos.
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