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Resumo

Estudos recentes defendem a reduzida pratica de actividade fisica (AF) como
um dos principais factores de risco modificaveis associados a pandemia da
obesidade, aos reduzidos niveis de aptiddo cardiorrespiratéria (APCR) e ao
surgimento de um leque consideravel de factores de risco das doencas
cardiovasculares (DCV) que até entdo ndao eram comuns a infancia e a
adolescéncia. O objectivo do presente estudo consiste em: a) verificar a
associacdo da maturacdo sexual com os valores de tensdo arterial (TA)
sistolica e diastolica considerando as variaveis do crescimento e idade
cronoldgica (artigo 1); b) verificar se existe associacdo entre os niveis de TA
sistélica e diastolica com o indice de massa corporal (IMC) e com as diferentes
intensidades da AF (artigo Il); c) verificar se existe relacdo entre o tempo
dispendido em AF de lazer e desportos de competicdo, ambos realizados em
horario extra-escolar, com os valores elevados de TA sistélica e diastolica
(artigo 111); d) verificar se o risco de se manter ou desenvolver valores elevados
de TA ao longo de um ano esté associado as modificac6es no IMC, AF e APCR
(artigo V). A amostra foi constituida por escolares com idades compreendidas
entre os 8 e 0s 17 anos provenientes da area do Grande Porto. Sub-amostras
foram seleccionadas de acordo com os objectivos de cada estudo. A AF foi
avaliada através de um questionario adaptado para a populacdo portuguesa
infanto-juvenil. Apenas no artigo Il foram realizadas medidas objectivas da AF
através do uso de acelerbmetros (sete dias). Duas medidas da TA foram
realizadas nas primeiras horas da manha. Os indicadores antropométricos, a
APCR e a maturagdo sexual foram avaliados na escola durante as aulas de
Educacdo Fisica. A idade, maturacdo sexual, altura e IMC apresentaram
associacao significativa com os valores de TA sistolica e diastélica (artigo ).
Nos artigos que se seguiram foram verificadas associacdes significativas entre
as diferentes intensidades da AF (moderada e sedentaria) e os diferentes
contextos da AF (lazer ou desportiva) com os valores da TA sistolica. Enquanto
que a AF de lazer se associou a TA sistolica independentemente do IMC e da
APCR, as praticas desportivas associaram-se a TA sistélica apenas quando o
IMC e/ou a APCR estavam no modelo. O IMC apresentou-se como o principal
preditor da TA sistélica e diastdlica ao longo dos dois estudos transversais
(artigo 1l e 1ll). Os resultados do artigo longitudinal (artigo 1V) mostraram que
durante o periodo de um ano aproximadamente 6.5% dos sujeitos passaram de
valores normais para valores elevados de TA, e o risco de se manter com
valores elevados de TA ou moverem-se para este grupo foi associado
significativamente com os valores elevados de IMC (sobrepeso/obesidade)
iniciais. Valores elevados de APCR inicias apresentaram associagao inversa
com o risco de desenvolver valores elevados de TA. Contudo esta associacéo
foi dependente do IMC. As diferengas observadas entre o primeiro e segundo
ano nos valores médios do IMC, APCR e AF ndo apresentaram associacao
com o risco de desenvolver valores elevados de TA. Enfim, os resultados dos
estudos sugerem a AF nos seus diferentes contextos e intensidades e a APCR
como uma variavel importante na prevencado do desenvolvimento precoce de
valores elevados de TA infanto-juvenil. Contudo o IMC parece ser o principal
predictor dos valores elevados de TA na infancia e adolescéncia.
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Abstract

Recent studies suggest reduced physical activity (PA) as a behaviour
associated with low levels of cardiorespiratory fithess (CRF), obesity and with
early development of cardiovascular risk factors in children and adolescents.
The purpose of the present thesis was (a): to verify if the relationship between
sexual maturation and systolic and diastolic blood pressure (BP) is independent
of height, weight, body mass index (BMI) and age (paper I); (b): to analyse the
association between systolic and diastolic BP with BMI, intensity patterns of PA
and CRF (paper Il); (c) to examine the relationship between leisure time PA and
sports competition (SC) with high levels of BP (paper Ill); (d): to analyse the
association of being assigned to high blood pressure (HBP) group with changes
in body mass index (BMI), physical activity index (PAI) and cardiorespiratory
fitness (CRF) over one year (paper 1V). The sample consisted of children and
adolescents aged 8 to 17 years old from public schools in Porto-Portugal.
Different samples were chosen according to papers’ purpose. PA was
measured by questionnaire adapted to Portuguese youth population. Only on
the second paper PA was measured by accelerometers (seven days). BP was
measured at school early in the morning. The anthropometric variables, CRF
and sexual maturation were evaluated during physical education class. The
results of the first paper showed a significant role of age, sexual maturation,
height, weight and BMI on the levels of children and adolescents BP. The
following papers showed significant association between different intensity and
context of PA with systolic BP. However, while SC was associated with BP
dependently of BMI and CRF, leisure PA showed independently association
with BP. BMI was the best predictor of BP values (Il and Ill). Results of
longitudinal study showed that in one year, approximately 6.5% of subjects
moved from normal to HBP. The risk of being assigned for the group of HBP for
one year was associated with being overweight/obese at baseline. High levels
of CRF at baseline were inversely associated with risk of HBP values. However,
this association was dependent on the BMI. The differences of BMI, CRF and
PAI between time 1 and time 0 did not show significant association with the risk
of being in HBP group (paper IV). Our studies suggested PA and CRF as an
important behavior associated with prevention of early development of high
values of systolic BP. However, BMI is the best predictor associated with high
blood pressure values in childhood and adolescence.

Key-words: CHILDREN, ADOLESCENTS, PHYSICAL  ACTIVITY,
CARDIORESPIRATORY FITNESS, BLOOD PRESSURE, BODY MASS INDEX
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Résume

Des études récents signalent la pratique réduite de l'activité physique (AP)
comme un des principaux facteurs de risques modifiés, associés a la pandémie
de I'obésité, aux niveaux réduits de I'aptitude cardiorespiratoire (APCR) et a
'apparition d’'un éventail considérable de facteurs de risque des maladies
cardiovasculaires (MCV), lesquels, jusqu’a ce moment, n’étaient pas usuels
dans I'enfance et I'adolescence. La présente recherche s’est congcue avec les
buts suivants : a) vérifier 'association de la maturité sexuelle avec les valeurs
de tension artérielle (TA) systolique et diastolique, en considérant les variables
de la croissance et de I'dge chronologique (article ) ; b) vérifier I'association des
niveaux de la tension artérielle systolique et diastolique avec lindice de la
masse corporelle (IMC) et avec les différentes intensités de l'activité physique
(article 11) ; c) analyser le rapport entre le temps dépensé en activité physique
de loisir , en sports de compétition, réalisés en horaire extrascolaire, et les
valeurs hautes de la tension artérielle systolique et diastolique (article Ill) d)
vérifier si le risque de se maintient ou se développe des valeurs élevées TA l'au
long d'une année est associé aux modifications dans I'lMC, AF et APCR (article
IV). Le spécimen a été constitué par des éleves, avec des ages comprises
entre huit a dix-sept ans, provenus de la région du Grand Porto. On a
sélectionné des sub - spécimens selon les buts de chaque essai. L'AP a été
évaluée a travers d’un questionnaire adapté a la population enfantine - juvénile
portugaise. Seulement dans l'article Il, on a réalisé des mesures objectives de
'AP a travers de [l'utilisation d’accélérométres (pendant sept jours). Les
mesures de la TA ont été réalisées aux premiéres heures du matin. Les
indicateurs anthropométriques, 'APCR et la maturité sexuelle ont été évalués a
I'école pendant les cours d’Education Physique. L’age, la maturité sexuelle,
I'hauteur et 'IMC présentent une association significative avec les valeurs des
TA systolique et diastolique. Dans les articles effectués postérieurement, on a
vérifié des associations significatives entre les différentes intensités de I'AP
(modérée et sédentaire) et entre les différents contextes de I'AP (loisir ou
sportive) avec les valeurs de la TA systolique. Tandis que I'AP de loisir est
associée avec la TA systolique, indépendamment de I'lMC et de 'APCR, les
activités sportives se sont associées a la TA systolique uniquement quand I'lMC
et/ou 'APCR étaient présents dans le modele. L'IMC s’est présenté comme le
principal prédite de la TA systolique et diastolique au long des deux études
transversales (Il et Ill). Les résultats de l'article longitudinal (article V) ont
montré que pendant la période d'une année approximativement 6,5% des ils
sujets t'ont passé de valeurs normales pour valeurs élevées TA, et le risque de
se te maintiendra avec des valeurs élevées TA se déplacer pour ce groupe est
associé significativement avec les valeurs élevées IMC (poids excessif/obésité)
initiaux. Valeurs élevées de APCR tu inities ont présenté association inverse
avec le risque de développer des valeurs élevées TA. Néanmoins cette
association a été dépendante de I'IMC. Les différences observées entre
premiere et seconde année nous valeurs moyennes de I'lMC, APCR et AF n'ont
pas présenté association avec le risque de développer des valeurs élevées
TA.Bref, les résultats des études suggerent I'AF nous leurs différents contextes
et intensités et APCR comme une variable importante dans la prévention du
développement précoce de valeurs élevées TA L'infanto-juvenil. Néanmoins
I'IMC semble étre la principale predictor des valeurs élevées TA dans l'enfance
et adolescence.
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1. Introducéo

As doencas cardiovasculares (DCV) encontram-se hoje entre as
principais causas de morte na populacdo adulta (OMS, 2002). Nao obstante,
este aumento significativo do nimero de mortes por eventos cardiacos parece
estar sob influéncia, além de outras condicbes, do desenvolvimento dos
factores de risco das DCV na infancia e adolescéncia (Andersen, Anderssen,
Brage, Ekelund, & Froberg, 2006; Twisk, Kemper, & van Mechelen, 2000).

Nesta perspectiva se enquadram os estudos sobre a hipertensao arterial
(HTA), os quais sugerem uma tendéncia dos valores observados na infancia e
adolescéncia para se manterem até a vida adulta (Chen & Wang, 2008).
Adicionalmente aos estudos do comportamento dos valores de tenséo arterial
(TA), estéo as evidéncias do aumento da prevaléncia deste factor de risco ja na
infancia e adolescéncia (Din-Dzietham, Liu, Bielo, & Shamsa, 2007; Jago et al.,
2006). Constatacdes que, por fim, tornam relevantes os estudos sobre a HTA
infanto-juvenil e, por conseguinte, 0 entendimento dos provaveis
comportamentos associados a este fenomeno.

Contudo, por ser a HTA uma doenca multifactorial (Chen & Wang, 2009;
F. J. He, Marrero, & Macgregor, 2008; Labarthe et al., 2009), parece relevante,
nos estudos na populacdo infanto-juvenil, a consideracdo das variaveis
associadas ao crescimento, desenvolvimento e maturacdo sexual (Chen &
Wang, 2009; Leccia et al., 1999). Neste contexto, muitas pesquisas sugerem,
além da altura, sexo e idade ("The fourth report on the diagnosis, evaluation,
and treatment of high blood pressure in children and adolescents,” 2004), a
importdncia de se considerar o processo maturacional e as modificacdes
fisiolégicas associadas a este processo (Cho, Mueller, Meininger, Liehr, &
Chan, 2001; Leccia et al., 1999).

Adicionalmente as variaveis do crescimento, desenvolvimento e estatuto
maturacional estdo os estudos que defendem a pratica regular de actividade
fisica (AF) como um comportamento relevante na reducdo do
sobrepeso/obesidade e na prevencao de valores elevados de TA (Andersen,
1994; Ekelund et al., 2007; Leary et al., 2008). Se antigamente as criancas
eram por norma activas, actualmente os niveis de AF diarios apresentam uma
tendéncia a diminuirem ao longo da idade (Brodersen, Steptoe, Boniface, &
Wardle, 2007; Riddoch et al., 2007). Atribuido a este acontecimento, estao as



evidéncias de um numero reduzido de criancas e adolescentes com valores
aceitaveis de aptiddo cardiorrespiratéria (APCR), e um aumento consideravel
da prevaléncia do sobrepeso/obesidade nestas faixas etarias (Dencker et al.,
2008; Rizzo, Ruiz, Hurtig-Wennlof, Ortega, & Sjostrom, 2007).

Este conjunto de variaveis, e a complexa relacao existente entre estas,
constituem um leque de comportamentos modificaveis, os quais parecem estar
associados ao desenvolvimento precoce dos valores elevados de TA na
infancia e adolescéncia (Ekelund et al., 2007; Falkner et al., 2006; Leary et al.,
2008). Contudo, algumas divergéncias se verificam em relacdo aos resultados
dos estudos no que concerne a complexa relagcdo entre o papel da AF,
obesidade e da APCR com os valores de TA sistdlica e diastdlica (C. A.
Boreham, Twisk, Savage, Cran, & Strain, 1997; Leary et al., 2008; Rizzo et al.,
2007). Estes estudos sugerem a provavel existéncia de um comportamento
diferenciado do excesso de peso corporal e da APCR sobre os valores de TA,
de acordo com os diferentes contextos e intensidades da AF considerados.

Nesta perspectiva, 0 objectivo geral do presente estudo consiste em
verificar a associacdo das variaveis do crescimento e maturacdo sexual com 0s
valores de TA e, adicionalmente, analisar o papel de diferentes intensidades e
diferentes préticas e contextos da AF, considerando o indice de massa corporal
(IMC) e a APCR como variaveis intervenientes nesta relacdo numa amostra de

criancas e adolescentes provenientes de escolas da area do grande Porto.
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2. Objectivo geral do estudo

O presente estudo estd organizado em quatro artigos, os quais tém como

principais objectivos:

a. Verificar a existéncia de associagdo da maturacdo sexual com
os valores de tensdo arterial sistolica e diastdlica considerando
as variaveis do crescimento e idade cronologica (artigo ).

b. Verificar a existéncia de associacdo dos niveis de tensao
arterial sistélica e diastolica com o indice de massa corporal e
com as diferentes intensidades da actividade fisica (artigo II).

C. Verificar a existéncia de relacdo entre o tempo dispendido em
actividade fisica de lazer e desportos de competicéo,
realizados em horario extra-escolar, com valores elevados de
tensdo arterial sistélica e diastdlica (artigo IlI).

d. Verificar se o risco de se manter ou desenvolver valores
elevados de TA ao longo de um ano estd associado as
modificacdes no IMC, AF e APCR (artigo 1V).
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3. Material e Métodos

O presente estudo foi constituido por uma amostra de criancas e
adolescentes escolares da Area do Grande Porto, com idades entre os 8 e 0s
17 anos provenientes de dois projectos de pesquisas realizados no Centro de
Investigacdo em Actividade Fisica Saude e Lazer. Os dois projectos, realizados
em momentos distintos, tiveram como principal objectivo estudar a prevaléncia
dos factores de risco das doencas cardiovasculares e a relacdo com a AF e
com a aptidao fisica. O primeiro projecto foi realizado entre os anos de 1998 e
2003, e teve uma amostra aleatéria por conglomerados constituida por 1533
criancas e adolescentes seleccionados a partir de 30 escolas da area periférica
do Grande Porto. Assim, o primeiro trabalho (Artigo 1) reporta a uma amostra
de 416 criancas e adolescentes do sexo masculino com idades compreendidas
entre 0s 8 e 0s 17 anos (1998/2003).

O segundo projecto, com inicio em 2006, encontra-se ainda em
andamento. Neste estudo foram incluidos na amostra, por conveniéncia, 2184
criancas e adolescentes pertencentes a quatro escolas da area do Grande
Porto seleccionadas, também, por conveniéncia. Para 0s objectivos desta tese,
os dados reportaram-se as avaliacbes efectuadas nos anos lectivos de
2006/2007 e 2007/2008. Esta amostra serviu de base aos trabalhos
experimentais que constituem os restantes artigos desta tese.

Participaram dos estudos apenas as criancas e adolescentes que

apresentaram consentimento por escrito dos encarregados de educacéo.
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4. Revisao de Literatura

4.1Caracteristicas da actividade fisica infanto-juvenil

O actual dominio tecnologico e a emergente industrializacdo alimentar
sdo factores responsaveis por uma sociedade inactiva ("Adult participation in
recommended levels of physical activity--United States, 2001 and 2003, 2005),
com um numero significativo de individuos com excesso de peso corporal
(Hedley et al., 2004). A reduzida aptiddo fisica e o aumento significativo da
prevaléncia dos factores de risco das DCV parecem ser uma consequéncia
deste novo estilo de vida (Thompson et al., 2003). N&ao obstante, hoje as DCV
estdo classificadas como uma das principais causas de morte em muitos
paises desenvolvidos e em desenvolvimento (OMS, 2002).

Esta modificacdo dos habitos de vida e as consequéncias deste
comportamento parecem estar presentes no estilo e nos habitos de vida
infanto-juvenil (Armstrong & Welsman, 2006; Brodersen et al., 2007; Huotari,
Nupponen, Laakso, & Kujala, 2009). Estudos recentes defendem a reduzida
pratica de AF como um dos principais factores de risco modificaveis associados
a pandemia da obesidade, a reducdo dos niveis satisfatérios de APCR e ao
surgimento de doencas que, até entdo, ndo eram comuns a estas faixas etarias
(Brage et al., 2004; Metcalf et al., 2009; Ruiz, Ortega, Rizzo et al., 2007).
Incluem-se neste leque de novas doencas infanto-juvenis as dislipidemias, a
hipertenséo arterial e a diabetes tipo 2 (Ekelund et al., 2009; Teixeira, Sardinha,
Going, & Lohman, 2001).

Em geral, criancas e adolescentes sao activos, 0s rapazes mais que as
raparigas e o tempo dispendido em AF parece diminuir logo ao inicio da
adolescéncia (Anderssen et al., 2007; Pate, Stevens et al., 2006; Teixeira e
Seabra et al.,, 2008). No entanto, por ser a AF um comportamento que
apresenta influéncias multifactoriais (Sallis, Prochaska, & Taylor, 2000; Seabra,
Mendonca, Thomis, Anjos, & Maia, 2008), torna-se dificil ndo s6é a sua
quantificacdo, mas também a contextualizacdo deste comportamento e a sua
relacdo com a obesidade, com a APCR e com os factores de risco das DCV
(Dencker & Andersen, 2008; Kahn et al., 2008).
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Neste contexto, ao longo de um recente estudo de revisdo, Armstrong e
Welsman (2006) identificaram, de facto, a existéncia de um declinio da AF com
a idade e, ainda, uma diferenca dos niveis de AF em relagdo ao género. Da
conclusao de seus estudos, Armstrong e Welsman (2006) sugerem serem as
raparigas menos activas comparativamente aos rapazes. Adicionalmente,
resultados de diversas pesquisas apontam para uma reducéo significativa do
namero de criancas e adolescentes que cumprem com o tempo minimo de
horas diarias de AF propostos pelas guidelines especificas para AF infanto-
juvenil (Pate, Stevens et al., 2006; Riddoch et al., 2007; Trost, Rosenkranz, &
Dzewaltowski, 2008).

Desta forma, ao analisarmos aquele que € provavelmente o mais
substancial dos estudos transversais em torno da avaliagdo objectiva da AF em
criancas e adolescentes europeus, “European Children's Physical Activity
Using Accelerometer” (Andersen et al., 2008), é possivel observar um declinio
significativo do tempo dispendido em actividades moderadas a vigorosas ao
longo dos anos; resultados que vdo ao encontro dos achados observados na
populacdo infanto-juvenil norte-americana (Malina, 2001), além daqueles
observados também em estudos longitudinais (Brodersen et al., 2007;
Kristensen et al., 2008).

Relativamente as criancas e aos adolescentes portugueses, estudos
transversais sugerem um comportamento da AF semelhante (Lopes, Vasques,
Maia, & Ferreira, 2007; P. Santos, Guerra, Ribeiro, Duarte, & Mota, 2003;
Teixeira e Seabra et al., 2008). Criancas e adolescentes portugueses, além de
apresentarem uma reducdo da quantidade de horas dispendidas em AF diaria,
tém uma reducdo do seu tempo dispendido em actividades com intensidade
moderada a vigorosa. Esta reducdo da quantidade do tempo dispendido em
intensidades recomendadas é ainda mais severa no sexo feminino
comparativamente ao sexo masculino (Mota & Esculcas, 2002; Teixeira e
Seabra et al., 2008).

A analise de alguns estudos sugere diferencas significativas em relacéo
a AF diaria dos rapazes e das raparigas ao longo de um dia, seja esta no
ambito escolar ou realizada nos tempos livres (Mota & Esculcas, 2002; Mota,
Santos, & Ribeiro, 2008; Seabra, Mendonca, Thomis, Malina, & Maia, 2007).
Diferencas que, associadas provavelmente a factores biologicos e

16



socioculturais, constituem a principal explicacdo para as divergéncias
observadas nos niveis de AF entre rapazes e raparigas. Enquanto os rapazes
parecem dispender mais tempo em actividades desportivas, as meninas
ocupam os seus tempos livres em actividades socioculturais (Mota et al., 2008).
Por outro lado, € na escola o local onde as meninas praticam actividades com
intensidade mais elevada, o que parece sugerir uma grande diferenca em
relacdo aos rapazes, 0S quais estdo em maior numero envolvidos em
actividades desportivas apos o horario escolar (Mota, Santos, Guerra, Ribeiro,
& Duarte, 2003; Seabra et al., 2007). Isto podera explicar a significativa
diferenga observada entre os niveis de AF identificado entre os rapazes e as
raparigas, considerando assim a afirmacéo proposta por Katzmarzyk e Malina
(1998): “sdo as actividades desportivas e estruturadas aquelas que mais
contribuem (55% a 65%) para o aumento da actividade modera e vigorosa
diaria das criangas e adolescentes”, Nesta perspectiva é alargado o nimero de
estudos que sugerem a importancia das actividades estruturadas e
organizadas como meio de relevante importancia no que concerne ao aumento
dos niveis de AF diaria recomendada (Gidlow, Cochrane, Davey, & Smith,
2008; Pate & O'Neill, 2009) pelas principais guidelines infanto-juvenis (Strong
et al., 2005).

Finalmente, os resultados dos estudos indicam a inclusao das criancas e
dos adolescentes na problematica da reducdo dos niveis de AF diaria e, ainda
na problemética da reducdo do numero de horas dispendidas em actividades
moderadas a vigorosas (Brodersen et al., 2007; Lopes et al., 2007; Mota et al.,
2008). Contudo, torna-se relevante a compreensédo das variaveis intervenientes
neste comportamento e, por conseguinte, a analise das possiveis
consequéncias (Dencker & Andersen, 2008; Sallis et al., 2000). Por ter a AF um
comportamento com caracter multifactorial, além dos factores genéticos, da
idade e do sexo, os factores do envolvimento familiar, escolar, o estatuto
socioeconémico e o ambiente parecem ser determinantes quando da opgéo ou
ndo pela pratica da AF na populacdo infanto-juvenil (Seabra et al., 2008). Os
pais, professores e amigos parecem influenciar no comportamento das
criancas e dos adolescentes, assim como um ambiente mais propicio, como
residir perto de pracas e clubes, podera estar associada com a pratica regular
de AF (Grow et al., 2008; M. P. Santos, Page, Cooper, Ribeiro, & Mota, 2009).
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Por outro lado, as consequéncias da reducdo do namero de horas em
AF e o aumento do tempo em actividades sedentarias parecem estar
associados a um risco superior das criancas e adolescentes se tornarem
obesos, terem um baixo nivel de APCR e ainda, apresentam um risco superior
para desenvolver outros factores de risco das DCV tais como diabetes tipo II,
HTA, hipercolesterolemia entre outros (Andersen et al., 2008; Eisenmann,
Wickel, Welk, & Blair, 2005; Ekelund et al., 2009). Adicionalmente, os estudos
sugerem uma tendéncia significativa da AF se estabilizar ao longo dos anos,
trazendo consequéncias mais tarde na vida adulta. Criangcas inactivas
propendem a ser adultos inactivos (Maia, Thomis, & Beunen, 2002; Malina,
2001; Pate, Davis et al., 2006) e, consequentemente, com um risco superior

para desenvolver factores de risco das DCV (Twisk et al., 2000).

4.2 Consequéncia da reducdo da actividade fisica nos niveis de
aptidado cardiorrespiratéria das criancas e dos adolescentes

A AF é a variavel que associada a idade, sexo, crescimento,
desenvolvimento e maturacdo sexual aquela que apresenta uma maior
associacdo e um maior poder de variancia nos niveis de APCR (Dencker et al.,
2008; Katzmarzyk et al., 1998; Pate, Davis et al., 2006). Entre a analise dos
resultados de recentes pesquisas, € possivel defender a hipotese de que os
sujeitos mais activos sdo os mais aptos (Andersen, 1994; Dencker et al., 2008).
Todavia, a associagdo sugerida entre a AF e a APCR parece ser fraca.
Resultados estes que vao ao encontro de pesquisas mais antigas realizadas
neste mesmo ambito (Katzmarzyk et al., 1998; Sallis et al., 2000).

Ora, muitos séo os factores genéticos, sociais, demograficos, culturais
intervenientes nesta relacao entre a AF e a APCR na populacao infanto-juvenil
(Andersen, 1996; Katzmarzyk et al., 1998; Seabra et al., 2008) Por outro lado, a
associacdo destes factores intervenientes com os niveis de AF, poderéo,
provavelmente, corresponder a uma variancia elevada nos niveis de APCR dos
jovens. Contudo, nesta perspectiva, parece relevante considerarmos que uma
AF reduzida, como verificada actualmente (Armstrong & Welsman, 2006),
podera causar uma variancia reduzida nos niveis de APCR infanto-juvenil
(Rizzo et al., 2007; Ruiz et al., 2006).
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No entanto, estudos verificaram a existéncia de relacdo entre a AF em
contextos especificos e a modificacdo da APCR (Ruiz et al., 2006; Rizzo et al.,
2006). Neste panorama, estdo os estudos onde se encontra a AF categorizada
de acordo com as diferentes intensidades e, adicionalmente, aqueles em que
foram avaliados os efeitos de um programa de intervencdo (Dencker et al.,
2008; Pate & O'Neill, 2009; Ruiz et al., 2006). Por exemplo, as pesquisas que
avaliaram a AF das criancas e dos adolescentes, mensurada através de
meétodos objectivos ou através de questionarios, confirmam os resultados da
associacdo do tempo dispendido em actividades vigorosas e moderadas com
os niveis de APCR (Ruiz et al., 2006). Além disso, os resultados analisados
apos intervencdes desportivas com criancas e adolescentes também sugerem
um aumento dos niveis de APCR dos jovens (Pate & O'Neill, 2009; Reed,
Warburton, Macdonald, Naylor, & McKay, 2008). Todavia, estes achados nao
invalidam a préatica da AF n&o orientada e ndo estruturada, e a sua associa¢ao
com o bem-estar e a saude (Ekelund et al., 2007; Leary et al., 2008).
Constatacdo, de resto, sustentada pelos estudos em que se verifica uma
associacao inversa entre o tempo total de AF diaria e os factores de risco das
DCV (Andersen et al., 2006).

Consequentemente, apesar do conflito existente aquando da associagao
entre a AF e os niveis de APCR (Sallis et al., 2000), um namero relevante de
resultados indicam um papel isolado destas variaveis nos marcadores de
saude da populacdo infanto-juvenil (Dencker et al., 2008; Ekelund et al., 2007).
Neste contexto, 0 aumento da pratica da AF podera ndo cumprir os parametros
necessarios propostos pelo treino desportivo para alcancar a finalidade de uma
melhoria da APCR. Porém, através de outros meios, associam-se, por
exemplo, a reducdo do peso e a reducao dos valores de tenséo arterial (TA),
fendmeno ja evidenciado em estudos na populacdo adulta (Hagberg, Park, &
Brown, 2000) e, recentemente, nos estudos propostos por Ekelund et al.,
(2007), numa amostra composta por criangas e adolescentes.

Neste contexto, parece possivel defender uma divisdo naquilo que
concerne aos objectivos que se pretende alcancar através da AF.
Provavelmente, o individuo que ambiciona reduzir o excesso de peso ponderal
nao precisara realizar a sua AF diéria sobre as mesmas caracteristicas daquele
que pretende melhorar sua APCR (Ekelund et al., 2007; Ruiz et al., 2006).
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Teoricamente, sdo objectivos diferentes, alcancados por meios semelhantes,
pois diferenciam-se pelos componentes que 0s constituem: intensidade,
frequéncia, duracao, quantidade e tipo de AF realizada.

Em consequéncia dos diversos estudos que analisaram a complexa
relacdo entre AF, APCR, obesidade e o desenvolvimento dos factores de risco
das DCV (Andersen, 1996; Dencker et al., 2008; Katzmarzyk et al., 1998)
parece possivel considerar que a relacdo existente entre a AF e APCR com 0s
indicadores de saude possa ocorrer por meios diferenciados (Anderssen et al.,
2007; Ekelund et al., 2007). No entanto, no ambito da saude publica, parece
adicionalmente importante o0 entendimento desta complexa relacao,
evidenciado o papel da AF e da APCR como meios de prevencao e tratamento
dos factores de risco cardiovasculares desde a infancia até a vida adulta (Twisk
et al., 2000).

4.3Actividade fisica, aptidao cardiorrespiratoria, sobrepeso/obesidade

e tensao arterial

A hipertensado arterial (HTA) sistematica é caracterizada pela presenca
de niveis tensionais elevados, associados a alterac6es metabdlicas, hormonais
e a fendmenos anatomofisiol6gicos que se constituem, normalmente, numa
hipertrofia miocardica (Daniels, 1999; Juonala et al., 2006). O aumento da
prevaléncia do sobrepeso/obesidade (Falkner et al., 2006; Freedman, Dietz,
Srinivasan, & Berenson, 1999; Q. He, Ding, Fong, & Karlberg, 2000) e os
reduzidos niveis de AF e APCR (Brodersen et al., 2007) sao sugeridos como
fendmenos relevantes associados ao aumento do numero de criangas e
adolescentes com factores de risco das DCV, incluindo a HTA primaria ou
essencial (Rizzo et al., 2007; Ruiz, Ortega, Rizzo et al., 2007). Apesar de a
HTA essencial ser considerada uma doenca frequente apenas na populagao
adulta, actualmente é reconhecida na literatura 0 aumento da sua prevaléncia,
superando os casos de HTA secundaria, nas criangas e nos adolescentes (Din-
Dzietham et al., 2007; McNiece et al., 2007).

N&o obstante, os valores de TA parece estar associados a um leque de
factores consideraveis: influéncias do crescimento, altura e do peso (Leccia et
al., 1999), modificacdes em resposta ao processo maturacional - que parecem
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apresentar alguma dependéncia das modificacdes da altura e do peso corporal
(Cho et al., 2001), sexo e a idade (Guerra, Ribeiro, Costa, Duarte, & Mota,
2002), influéncia do processo intra-uterino, raca (Chen & Wang, 2009; Li,
Huang, Cruz, & Goran, 2006; Rosner, Prineas, Daniels, & Loggie, 2000), entre
outros. Entretanto, considerando ainda a influéncia destas variaveis no
desenvolvimento da HTA infanto-juvenil, muitos estudos identificaram uma
associacgao significativa dos habitos de vida com os valores de TA nestas faixas
etarias (Cairella et al., 2007; Lazarou, Panagiotakos, & Matalas, 2009), assim
como muitos estudos sugerem a possibilidade da sua etiopatogenia, muitas
vezes presente jA na infancia e adolescéncia, estar também associada a
inactividade fisica e aos baixos niveis de APCR ja presente na infancia e na
adolescéncia (Berenson et al., 1998)

Em Portugal, alguns estudos foram publicados ao longo dos anos
(Duarte, Guerra, Ribeiro, & Mota, 2000; Rebelo, Teixeira, Marques-Vidal, &
Oliveira, 2008). Por ndo haver pontos de corte especificos para a populacdo
portuguesa infanto-juvenil, poucos dados foram publicados relativamente a
prevaléncia e a incidéncia da HTA nestas faixas etarias. Outros estudos
analisados sugerem apenas a importancia dos factores de crescimento,
desenvolvimento, maturacdo sexual, género e, ainda, a influéncia dos
marcadores da obesidade como variaveis determinantes dos valores da TA na
infancia e adolescéncia (Duarte et al.,, 2000; Rebelo et al., 2008). Estes
resultados evidenciam a necessidade da construcdo de pontos de cortes
especificos para a populacdo portuguesa (Duarte et al.,, 2000) e, ainda, do
controlo deste leque de varidveis durante as pesquisas realizadas em criancas
e adolescentes.

Resultados observados na Europa e nos Estados Unidos indicam um
aumento da prevaléncia da HTA infanto-juvenil (Jago et al., 2006; McNiece et
al., 2007). Estes estudos evidenciam a necessidade de estratégias imediatas
de prevencao, considerando ndo apenas o aumento da prevaléncia da HTA
infanto-juvenil, mas também a tendéncia dos valores de TA em se manterem
ao longo da vida (Bao, Threefoot, Srinivasan, & Berenson, 1995; Chen & Wang,
2008). Nesta linha de raciocinio, estdo as pesquisas que identificaram

resultados controversos na relacéo entre a pratica de AF, a APCR e a prética
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regular de exercicio fisico com os valores de TA (Kelley, Kelley, & Tran, 2003;
Leary et al., 2008; Sugiyama et al., 2007).

Enquanto pesquisas sugerem que a intensidade e o volume diario de AF
se associam inversamente com os niveis de TA, principalmente de TA sistdlica
(Kafatos, Manios, Moschandreas, & Kafatos, 2007; Leary et al., 2008;
Sugiyama et al., 2007), estudos relativos a APCR apresentam resultados mais
controversos (C. Boreham et al., 2001; Guerra et al., 2002; Klasson-Heggebo et
al., 2006; Kvaavik, Klepp, Tell, Meyer, & Batty, 2009), sugerindo, ainda, a
obesidade como um factor interveniente na relacao entre a APCR e TA infanto-
juvenil (Eisenmann, Katzmarzyk et al., 2005).

Nesta perspectiva, Kelley e Kelley (2003) compararam 25 estudos em
que foi observado o efeito do exercicio fisico regular nos valores de TA em
criancas e adolescentes. Através da revisdo destes estudos, os autores
sugeriram nao haver efeito do exercicio fisico sobre os valores de TA sistélica e
diastélica em criancas e adolescentes normotensos. Achados estes que vao
contra aqueles obtidos por Reed et al., (2008), onde identificaram, apds um
programa de intervencdo, uma reducdo significativa dos valores de TA. Por
outro lado, Kelley e Kelley (2003) sugere a importancia da prética regular de
exercicio fisico para as criancas e adolescentes que apresentam valores
elevados de TA. Afirmacdo que posiciona a pratica regular de AF como uma
medida ndo medicamentosa importante no tratamento da HTA infanto-juvenil.

No entanto, os dominios da AF (intensidade, frequéncia, volume,
duracdo, quantidade), a metodologia utilizada para avaliacdo e as variaveis de
confundimento desta associacédo entre a AF, APCR e TA podem ser as
principais causas destes resultados controversos (C. Boreham et al., 2001,
Guerra et al.,, 2002; Rizzo et al.,, 2007). Em geral, estudos em escolares
sugerem que os niveis moderados de AF sdo preditores de valores reduzidos
de TA sistdlica (Ekelund et al., 2007; Leary et al., 2008), enquanto que as
actividades sedentéarias se associam com valores elevados de TA (Gomes Bda
& Alves, 2009; Kafatos et al.,, 2007). Por outro lado, Leary et al., (2008)
sugeriram através de seus estudos a importancia do volume total da AF diaria
comparativamente a intensidade.

Relativamente a APCR e aos valores de TA, pesquisas apontam para

uma determinada divergéncia entre os resultados. Contudo, a analise destes
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estudos parece sugerir a importancia do papel do sobrepeso e da obesidade
como variavel com um papel central na associagéo entre a APCR e os valores
de TAS (Eisenmann, Katzmarzyk et al., 2005; Ekelund et al., 2007).

Neste contexto, Andersen et al.,, (1994) verificaram que criancas e
adolescentes com valores elevados de VO, maximo apresentaram valores
reduzidos de TA, independente do peso corporal e da AF. Todavia, esta
associacdo apresentou valores significativos apenas nas criancas e
adolescentes que apresentam VO, maximo superior a 45 ml/min/kg.
Resultados que vao ao encontro daqueles verificados por Klasson-Heggebo et
al., (2006), que sugeriram a existéncia de uma relacdo linear entre a APCR e
os valores de TA, defendendo a existéncia de uma grande diferenca entre os
valores de TA e os niveis extremos de APCR. Seguindo ainda a mesma linha
de estudos, Eisenmann et al., (2005), num estudo recente onde analisaram a
relacdo existente entre APCR, sobrepeso e os factores de risco das DCV,
incluindo a HTA, sugeriram um papel significativo da APCR e da obesidade
nesta relacdo. Contudo, foi no grupo de criancas e adolescentes com valores
mais baixos de IMC que este grupo de autores verificou valores médios
reduzidos dos factores de risco das DCV estudados. Foram, ainda, as criancas
com IMC elevado e niveis reduzidos de APCR aquelas com valores médios
superiores dos factores de risco das DCV. Estes resultados parecem sugerir a
importancia das criancas e adolescentes apresentarem valores consideraveis
de APCR. No entanto, é importante ressaltar que os valores reduzidos de IMC,
por si s6, parecem estar associados a um factor de proteccdo no
desenvolvimento dos factores de risco das DCV. Resultados que corroboram
os achados de Ruiz, Ortega et al., (2007) que observaram nas raparigas um
importante papel dos niveis altos de APCR como factor atenuante da relagéo
entre a obesidade e os valores de TA.

Consequentemente, parece que a APCR esta associada aos factores de
risco das DCV através do controlo do peso (C. Boreham et al., 2001; Rizzo et
al., 2007), enquanto que a AF, além de estar associada directamente aos
niveis de sobrepeso/obesidade (Ekelund et al., 2007; Ortega, Ruiz, & Sjostrom,
2007), parece estar associada a prevencédo do desenvolvimento dos factores
de risco das DCV por uma via independente do sobrepeso/obesidade e da
APCR. Resultados confirmados nos estudos de Boreham et al., (1997) que,
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numa amostra de adolescentes, verificaram uma relacdo directa da AF
habitual com os valores de TA, enquanto que a participacdo em desportos
competitivos se associou aos niveis de APCR e estes, por conseguinte, aos
valores de TA, dependente da massa gorda.

De facto, o sobrepeso e a obesidade sao sugeridos como um importante
factor, o qual parece apresentar um papel significativo, ndo apenas no
desenvolvimento da HTA infanto-juvenil (Falkner et al., 2006; Freedman et al.,
1999; Ribeiro et al., 2003), mas também na relacdo entre a AF, APCR e a
reducdo dos niveis de TA (Eisenmann, Wickel et al., 2005; Rizzo et al., 2007,
Ruiz, Ortega, Rizzo et al.,, 2007). A composicédo corporal, especificamente o
indice de massa corporal, foi o factor preditor com maior poder de associacdo
sobre os niveis de TA das criancas e dos adolescentes identificados ao longo
das publicacbes analisadas (Freedman, Katzmarzyk, Dietz, Srinivasan, &
Berenson, 2009; Silva, Silva, Duarte, Lopes, & Silva, 2009). Paralelamente,
diversos estudos defendem o perimetro da cintura e as pregas cutaneas como
indicadores com maior poder de variancia nos niveis de TA (Barba, Troiano,
Russo, Strazzullo, & Siani, 2006; Colin-Ramirez et al., 2009). Todavia,
independentemente do indicador de sobrepeso/obesidade utilizado, parece ser
um consenso na literatura a relagéo existente entre a emergente pandemia da
obesidade infanto-juvenil e o aumento da prevaléncia da HTA nestas faixas
etarias (Cairella et al., 2007; Ostchega et al., 2009; Ribeiro et al., 2003).

Em Portugal, os resultados parecem acompanhar aqueles observados
em estudos populacionais. Ribeiro et al., (2003), num estudo com uma amostra
de 1 439 criangas portuguesas, verificaram um aumento significativo do risco
de desenvolver valores elevados de TA em criancas e adolescentes que se
encontravam classificados no grupo de sobrepeso e obesidade. Dados que vao
ao encontro de uma diversidade de estudos publicados ao longo do tempo que
demonstram um risco acrescido de criancas e adolescentes com
sobrepeso/obesidade apresentarem valores elevados de TA (Cairella et al.,
2007; Ostchega et al., 2009; Silva et al., 2009).

Sorof e Daniels (2002) e Falkner (2006) publicaram duas revisbes de
literatura onde analisaram o papel do sobrepeso e da obesidade como variavel
preditora da HTA infanto-juvenil. Enquando Sorof e Daniels (2002) sugerem os
beneficios da perda de peso na reducdo dos valores de TA, Falkner (2006)
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considera que tanto a obesidade como a HTA apresentam um caracter
inflamatério e, consequentemente, poderdo estar associados a um risco
acrescido no desenvolvimento de outros factores de risco das DCV ja desde a
infancia e a adolescéncia. Neste contexto, Pausova et al., (2005), ao longo dos
estudos sobre os genes da obesidade, suportam a hipotese de que a
obesidade associada a HTA apresenta uma base genética distinta daquela
associada aos elevados niveis de TA sem obesidade e da obesidade sem a
HTA.

Finalmente, os estudos indicam um leque significativo de prejuizos
causados pelo desenvolvimento precoce da HTA na saude das criancas e dos
adolescentes (Chen & Wang, 2008; Daniels et al., 1998; Sun et al., 2008). Por
outro lado, diferentes estudos sugerem o significante papel protector da AF e
da APCR relativamente aos factores de risco das DCV (Kafatos et al., 2007;
Leary et al., 2008; Ruiz, Ortega, Rizzo et al., 2007), seja este papel através de
uma associacdo directa ou seja ela indirecta através da obesidade (C. A.
Boreham et al., 1997; Eisenmann, Katzmarzyk et al., 2005; Ruiz, Ortega, Loit et
al., 2007). Ou, ainda, através da APCR ou por meio de uma relacdo directa da
AF com os valores de TA (Ekelund et al., 2007; Kafatos et al., 2007; Leary et
al., 2008). No entanto, a reducdo dos niveis de horas dispendidas em AF ao
longo dos tempos (Brodersen et al., 2007), o numero elevado de criangas e
adolescentes com valores reduzidos de APCR e o crescente aumento da
prevaléncia da obesidade e da prevaléncia da sindrome metabdlica (Ekelund et
al., 2009) parecem evidenciar uma relacdo temporal entre estes factores que,
além de estarem associados a saude infanto-juvenil, parecem estar
directamente associados aos eventos cardiovasculares na vida adulta (Sun et
al., 2008; Twisk et al., 2000).

Contudo, poucos sdo os resultados observados relativamente a TA
diastolica (Barba et al., 2006). No entanto, parece cada vez mais esclarecido
na literatura que além de ser a HTA sistdlica aquela que apresenta maior
prevaléncia na populacdo infanto-juvenil, esta, relativamente a HTA diastdlica,
também apresenta factores diferenciados que a predizem (Labarthe et al.,
2009). Laberthe et al., (2009), em recente artigo publicado, ndo estudaram a
associacdo da TA sistélica e diastolica com a AF; porém, verificaram diferencas
entre o0s factores associados. Consequentemente, extrapolando estes
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resultados é possivel existir uma suspeita de que a AF, nos seus diversos
parametros, possa estar associada aos valores de TA sistélica e diastolica por
caminhos diferenciados (Andersen, Hasselstrom, Gronfeldt, Hansen, & Karsten,
2004).

Por fim, parece importante salientar que, apesar das evidéncias de uma
associacao significativa entre a préatica da AF e os niveis satisfatorios de APCR
nos valores de TA, estas associagdes, por norma, apresentam um poder de
variancia reduzido (Andersen, 1994; Leary et al., 2008). Resultados que nao
desconsideram o papel importante da AF na prevencao de valores elevados de
TA na infancia e adolescéncia, embora possam sugerir, em relacdo a
necessidade de reducdo drastica dos valores de TA, uma dependéncia da
modificacdo de outros comportamentos do estilo de vida, como, por exemplo, a
modificacdo dos habitos alimentares (Agirbasli et al., 2008; Cairella et al.,
2007). Além disso, é necessario salientar, como ja referido, a influéncia
significativa dos factores de crescimento, desenvolvimento, maturacéo, idade,
sexo, histérico familiar, estatuto socioeconémico, que sdo apresentados como
variaveis intervenientes em grande parte dos estudos. Por outro lado, mais
uma vez, esta reduzida associacdo podera ser explicada pelos baixos niveis de
AF observados na populacdo infanto-juvenil (Brodersen et al., 2007; van
Mechelen, Twisk, Post, Snel, & Kemper, 2000), j& que, de facto, programas de
intervencdo mostram uma reducéo significativa dos valores de TA (Reed et al.,
2008).

Em conclusdo, existe uma grande diversidade de estudos sobre a
complexa relagéao entre os diferentes contextos da AF com a APCR, obesidade
com os niveis de TA. Os seus resultados parecem divergir dependentemente
do tipo de estudo, amostra e métodos utilizados para a medicdo das variaveis
em causa. Nao obstante, sdo inumeros 0s estudos que apontam para a
importancia da AF nos seus diversos contextos na saude das criancas e dos
adolescentes (Eisenmann, Katzmarzyk et al., 2005; Ekelund et al., 2007,
Katzmarzyk et al., 1998)
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Efeitos da maturacao sexual nos niveis de pressao arterial
em criancas e adolescentes do sexo masculino:

associacao com as variaveis massa corporal, estatura e idade cronolégica
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Resumo

0 presente estudo tem como objetivo responder & sequinte questdo: os efeitos da maturacdo sexual
(MS) sobre os niveis de pressdo arterial sistolica (PAS) e diastélica (PAD) em criangas e adolescentes do
sexo masculino, entre oito € 15 anos, estudantes de 30 escolas da drea periférica e central do Porto, sdo
independentes dos efeitos das varidveis de crescimento corporal: estatura (EST); massa corporal (MC);
eidade cronolégica (IC)? As varidveis antropométricas EST e MC foram avaliadas segundo a metodologia
proposta pelo Councit o Europe (1988). A pressdo arterial (PA) foi medida de acordo com os métodos
propostos por Gittman e Cook (1995) e De SwieT et al., (1989). A amostra foi agrupada de acordo com os
cinco estdgios maturacionais descritos por Tanner (1962). Optou-se pela pilosidade como caracteristica
sexual secunddria para a classificagdo pubertdria dos meninos (MarTiN et al., 2001; Matsupo & Martsupo,
1994). Os resultados do presente estudo sugerem que os valores de PAS sofrem influéncia do processo
de MS (Anova). Todavia quando controlou-se os efeitos das varidveis EST e MC as diferencas deixaram
de ser estatisticamente significativas. Da mesma forma quando controlou-se os efeitos da IC a PAS
apresentou diferenca estatisticamente significativa apenas entre os estdgios Il e IV. Os resultados pos-
sibilitam concluir que os niveis de PA em criancgas e adolescentes do sexo masculino, ndo devem ser
determinados pelos estdgios de MS independentemente de considerar-se os efeitos dissociados das
varidveis EST, MC e IC.

Unitermos: Maturagdo sexual; Pressdo arterial; Criancas; Adolescentes; Massa corporal; Estatura.

Introducao

EXiStCm CVidél'lCiaS dC qUC a Ctiopatologia daS
doencas cardiovasculares (DCV) e dos seus fatores
de risco se inicia na infincia, justificando os
ObthiVOS dC uma intCﬂSﬁ prcocupagﬁo na
identificagao das relacoes destas enfermidades com
o aumento da idade (BOREHAM, SAVAGE, PRIMROSE,
CraN & STRAIN, 1993; MORRISON, JAMES,
SPRECHER, KHOURY & DaNIELS, 1999; STRAUSS &

PorLack, 2001). E importante ressaltar que as
criancas ¢ adolescentes, que até pouco tempo
encontravam-se fora do alvo de prevencio das
enfermidades cardiovasculares, atualmente situam-
se entre as principais preocupagoes dos profissionais
da drea da satide (Cook, GILIMAN, ROSNER, TAYLOR
& HENNEKENS, 2000; Lavuer, BurNs, CLARKE &
MAHONEY, 1991; MAN, ANDRE, BACHMANN, (GROBBEE,
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[BsEN, LaAsER, LippERT & HorRMAN, 1991; SHEAR,
BurkE, FREEDMAN & BERENSON, 1986).

A Hipertensao Arterial (HTA) estd correlacionada
com a interagdo de um nimero diverso de fatores:
genéticos, biolégicos e ambientais. A obesidade infan-
tl é provavelmente o mais importante preditor do
desenvolvimento da (HTA) na infincia e na adoles-
céncia (OLIVEIRA, OLIVEIRA, ALMEIDA, ALMEIDA,
FERREIRA, STIVA & ADAN, 2004), doenga relacionada
com indmeros distdrbios psicossociais, desordens or-
topédicas, disfuncbes respiratérias, diabetes melittus,
dislipedemias entre outras (BasTos, Macepo &
Rivuso, 1994; JoiNT NATIONAL COMMITTEE ON
DEtECTION, EVALUATION AND TREATMENT OF HiGH
BLooD PRrESSURE, 1997; Rosa & RIREIRO, 1999).

A avaliacao do comportamento de algumas varidveis ¢
fatores de risco relacionados as DCV no perfodo de
crescimento e desenvolvimento das criancase adolescentes,
assim como a influénciado processo de maturacao sexual
(MS), ¢ portanto importante. Principalmente se
considerarmos as evidéncias e argumentos cientificos que
apontam as alteracbes ocorridas neste perfodo como
varidveis intervenientes de significativa relevincia nos
padroes de satide durante a vida adulta.

As complicacoes tardias relacionadas ao desen-
volvimento da (HTA) nesta faixa etdria
correspondem isoladamente as causas mais freqiien-
tes de morbimortalidade nos paises desenvolvidos
e em desenvolvimento (RAMES, CLARKE, CONNOR,
REITER & LAUER, 1978; SALDANHA, Liva & NETO,
1983; Ware & BuriNi, 1994). No entanto a
prevaléncia infantil desta doencaainda é baixa-1a
11% -, co.rnparada aos adultos - 10 a 30% - (JoINT
NATIONAL COMMITTEE ON DETECTION, EVALUATION
AND TREATMENT OF HiGH BrooD PRESSURE, 1997;
Rosa & RirIro, 1999; TERCEIRO... , 1999). Con-
tudo parece cada vez mais evidente a preocupagio
em controlar estes valores na infincia, devido as
muitas afirmagoes resultantes de um nimero signi-
ficativo de estudos que os valores encontrados nes-
ta faixa etdria apresentam relacdo com aqueles
encontrados posteriormente na vida adulta (Cook
et al., 2000; MAN et al., 1991; UPDATE..., 1987).

Como tal, investigar os valores de pressao arterial
(PA) em criancas e adolescentes e seus possiveis
fatores intervenientes se caracteriza como uma
medida preventiva de alto valor para a sociedade
atual. (GERBER & STERN, 1999; LECCIA, MAROTTA,
MASELLA, MITRANO, GOLIA, CAPITANATA, GUIDA,
CoNTALDO & FERRARA, 1999; OxasHA, MCCARRON,
McEweN & SMmITH, 2000; Szk10o, 1979).

Entre o conjunto de varidveis intervenientes so-
bre os valores da PA, a MS, como observado em
inimeros estudos epidemiolégicos, apresenta-se
como um provdvel fator determinante (CHo,
MUELLER, MEININGER, LIEHR & CHAN, 2001;
GrLuy, PrINEAs & HORIBE, 1982), com grau de
relagdo possivelmente superior 4 idade cronolégica
(IC). KarmarzYK, MALINA ¢ BEUNEN (1997) suge-
rem a hipétese de que as criancas classificadas por
[C sem considerar seu estado de maturagio biols-
gica correm o risco de se encontrarem inadequada-
mente classificadas em relacdo a suas idades
biolégicas.

Por outro lado, para DANIELS, OBARZANEK,
BarTON, KMy, SIMILIO ¢ MORRISON (1996) as di-
ferencas entre os estdgios maturacionais deixaram
de ser estatisticamente significativas quando con-
trolada a estatura (EST) ¢ a massa corporal (MC).
No mesmo sentido, BEUNEN, OSTYN, SIMONS,
RENSON e VAN GERVEN (1981) e Szkro (1979) afir-
mam que o aumento dos valores da PA, durante o
periodo pubertdrio, ¢ paralelo ao crescimento.
LEccIA et al. (1999) ao analisarem a influéncia da
MS e do tamanho corporal na PA em adolescentes
de ambos os sexos sugerem que o efeito da MS na
PA decorre prioritariamente do crescimento e do
tamanho corporal.

Entretanto, CHO et al. (2001), em estudo com
criancas e adolescentes provenientes de trés dife-
rentes etnias, observaram que hd influéncia da MS
nos valores de PA, independente das varidveis: EST,
MC e IC. No mesmo sentido apontam os estudos
de BALOGUN, OBAJULUWA, ABEREOJE, OLAOGUN,
OYEYEMI e BALOGUN (1990).

Assim, se por um lado parece ocorrer consen-
so sobre a influéncia da MS sobre o comporta-
mento da PA, por outro lado, definir se esta
influéncia ocorre independentemente ou nao de
outras varidveis relacionadas ao crescimento e a
IC ¢ ainda um tema bastante discutido (IDANIELS
et al., 1996; LONDE, JoHANSON, KRONEMER &
GOLDRING, 1975; VARTIAINEN, TUOMILEHTO &
NISSINEN, 1986).

No contexto destes debates situa-se a presente
investigacdo cujo objetivo ¢ responder a seguinte
questao:

Os efeitos da MS sobre os nfveis de PAS e PAD
em criangas e adolescentes do sexo masculino, en-
tre oito e 15 anos, sao independentes dos efeitos
das varidveis de crescimento corporal: 1) EST; 2)

MCe, 3)da(IC)?
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Materiais e métodos

A presente investigagao, devidamente aprovado pelo
Comité de Etica do Ministério Portugués para a
Ciéncia e Tecnologia, consiste num estudo de corte
transversal que faz parte do Projeto Fatores de Risco
das Doencgas Cardiovasculares em Criancas e
Adolescentes do Centro de Investigacio em Atividade
Fisica, Satide e Lazer da Faculdade de Ciéncias do
Desporto e Educacao Fisica - Universidade do Porto.

A amostra ¢ do tipo aleatéria por conglomera-
dos e foi constitufda por 416 criancas e adolescen-
tes do sexo masculino, entre oito e 15 anos de idade
cronolégica. Todos eram estudantes de 30 escolas
da 4rea periférica e central da Cidade do Porto.

Todos os sujeitos participantes do estudo, eram
sauddveis e no momento isentos de qualquer tipo
de medicacao. Participaram do estudo apenas as
criancas e adolescentes que apresentaram autoriza-
¢do por escrito dos encarregados de educacao

Instrumentos € medidas
Maturacio sexual

A amostra se encontra estratificada de acordo com
os cinco estdgios de MS propostos por TANNER (1962).
Foram utilizados apenas os pélos pibicos para a
classificacao da fase pubertal. A opgdo por esta
caracterfstica sexual secunddria estd de acordo com os
estudos realizado por MARTIN, UEZU, PARRA, ARENA,
Bogikian e BOHME (2001) e MATSUDO e MATSUDO
(1994) que afirmam que a auto-avaliacio da pilosidade
pubiana se mostrou mais eficaz do que a auto-avaliagao
do estdgio de desenvolvimento dos genitais,
principalmente no sexo masculino. Os mesmos autores
ainda defendem a importincia de considerar, em
estudos de campo, a facilidade de reconhecera fase da
maturacao que se encontram os sujeitos, quando se
utiliza os pélos ptbicos. Os dados foram obtidos
individualmente por auto-avaliagao realizada através

de figuras (Morris & UDRy, 1980).
Pressao arterial

A medicgo da PA foi realizada conforme sugerido
na literatura (GILLMAN & CooK, 1995) e foi
devidamente validada para criancas e adolescentes
portugueses por DUARTE, GUERRA, RIBEIRO, COSTA ¢
Mota (2000). Os sujeitos da amostra encontravam-
se em jejum, sentados, com o brago direito €Xposto a0
nivel do coragao. Utilizou-se um esfigmanémetro
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eletrénico da marca Dinamap, modelo bp 8800, com
bragadeiras disponfveis em trés tamanhos diferentes
utilizadas de acordo com a circunferéncia do brago
das criangas, como sugerido nas publicagf)es de
referéncia para afericio da PA em criangas ¢
adolescentes (DE SWiET, DILLON, LITTLER, O’BRIEN,
PADFIELD & PETRIE, 1989). As medicdes foram
realizadas apés os sujeitos permanecerem em repouso
durante pelo menos cinco minutos (primeira medicao),
e apés um repouso de 10 minutos (segunda medicao).
Ocorrendo uma diferenca superior a 2 mmHg entre
as duas medigGes, se efetuava, apés cinco minutos de
repouso a terceira mediggo. O valor final foi obtido
através da média aritmética dos valores das medicoes.

Massa corporal

A massa corporal foi medida em kg através de
uma balanga digital -SECA 708- com aproxima-
¢do aos centésimos, conforma a técnica descrita pclo
CounciL of EUROPE (1988) estando os sujeitos des-
calcos em cal¢do e camiseta. Foram realizadas duas
medigoes e calculou-se a média aritmética. Caso
houvesse uma diferenca superiora0,2 kg realizava-
se uma nova medigdo.

Estatura

Qs valores de estatura foram medidos em metros
com aproximacio aos milimetros através de um
estadidmetro Holtain. Considerando o plano de
referéncia do solo e o vértex, conforme a técnica
proposta por COUNCIL OF EUROPE (1988). Foram
realizadas duas medigoes e calculou-se a média arit-
mética. Caso houvesse uma diferenca superiora 2
mm realizava-se uma nova medicio.

Idade cronolobgica

Calculada através da idade decimal, com
arredondamento para o nidmero inteiro mais préximo.

Tratamento estatistico dos dados

Os dados foram analisados através do Statistical
Packagc for a Social Science 11,5 para Windows,
com um nivel de significAncia pré-determinado em
p < 0,05.

A andlise descritiva dos dados {(média e desvio-
padrao) foi realizada para caracterizar e descrever a
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Diferengas
estatisticamente signifi-
cativas p < 0,05:
a(l=I)/ b=y
c(l=V)/ d(l=V)
e(ll =)/ f(ll=IV)y
g (1= V) /h{lll= V)
i(ll=V)/j(v=V)

amostra. A andlise de varidncia (One-Way Anova)
foi utilizada para testar as diferencas existentes en-
tre os estdgios de maturagio sexual. As diferencas
entre os grupos foram localizadas através do Teste

de Comparacoes Multiplas Post-Hoc Dunnett'C.

Resultados

As caracterfsticas da amostra com suas respecti-
vas médias e desvio padrao sdo apresentadas na
TABELA 1.

NaTABELA 2 verifica-se o aumento dos valores
médios no decorrer do processo de MS nas varid-
veis [C, EST, MC, PAS ¢ PAD. Através da Anilise
da Variincia (Anova), foram encontradas diferen-
cas estatisticamente significativas entre os estdgios
maturacionais de todas as varidveis estudadas, com
excegao dos valores médios da PAD.

Os valores médios da PAS, PAD resultantes do
Teste de Covaridncia Ancova, com as varidveis [C,
MC ¢ EST como varidveis concomitantes sao apre-
sentados na TABELA 3. Observa-se que houve
modifica¢ao nos valores médios das varidveis PAS e
PAD em todos os casos. No entanto, considerando
a questdo orientadora desta pesquisa, enfatiza-se que
ao controlar os efeitos compartilhados das varid-
veis MC e EST, as diferencas estatisticamente sig-
nificativas entre os estdgios maturacionais na varidvel

A andlise de covaridncia (ANCOVA) foi utilizada
para definir os valores de pressdo arterial sistélicae
pressdo arterial diastélica em cada estdgio

maturacional a partir do controle das varidveis

concomitantes EST, MC e [C.

PAS deixam de ocorrer. Por fim, ao controlarmos a
[C, a andlise de covaridncia indicou a reducio en-
tre as diferencas existentes entre os valores médios
de cada estdgio maturacional, permanecendo a di-
ferenca estatisticamente significativa apenas entre
os estdgios maturacionais [[ e [V.

Na TABELA 4 ¢ possivel verificar o nimero de

[C presente em cada um dos estdgios de MS.

TABELA 1 - Caracterizacio da amostra: valores médios
( X ) e desvio-padrio (DP) da Idade

cronolbgica, Massa corporal, Estatura,
Presséo arterial sistolica e diastolica .

N - 416 X Dp
Idade Cronolégica (anos) 10,44 2,27
Massa Corporal (kg) 39,31 12,37
Estatura (cm) 142,04 14,37
Pressdo Arterial Sistdlica (mmHg) 117,29 9,86
Pressdo Arterial Diastdlica (mmHg) 61,16 10,12

TABELA 2 - Valores médios ( X ) e desvio-padriio (+) das varidveis Idade cronolbgica, Massa corporal, Estatura,

Pressdo arterial sistolica e diastélica classificadas de acordo com os Estagios maturacionais propostos

por TANNER (1962) .
Tanner Estigio I Estdgio IT Estdgio III Estdgio IV Estigio V
N 263 35 41 59 18
Idade Cronolégica 8,89 + 0,73 11,60 + 145 12,80 £+ 0,87 1373+ 071 14,67 + 0,48
{anos) (8-12)wbed (10-15)>F¢ (11-15)bi (12-15) (14-15)
Massa (E;’)rp‘ml 32,94 + 7,55*°4 41,75 1 11,84% 48,09 + 8,845 54,57 + 9,42 57,61 + 10,24
ESEZE)“ 133,42 + 6,97°24 145,79 1+ 7,91%< 154,13 + 9,68~ 162,29 + 8,69 166,82 + 9,22
Pressao Arterial Sistéli
essao (m:;f‘l 9 BOUR 1144 886¢ 116+ 10,94% 119+ 926 124+ 820 126+ 10,26
Pressao Arterial Diastéli
e (;n“;‘{ g)‘a“" A 604 11,19 58 + 7,66 62 + 6,80 63 + 8,21 65 + 7,68
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TABELA 3 - Valores médios ( X) e desvio-padrdo (+) das variaveis Pressiio arterial sistélica e diastélica
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resultantes do controle de varidveis concomitantes: Estatura, Massa corporal e Idade cronolbgica

(Analise de Covariancia - Ancova).

- Massa Corporal Estatura Idade Cronoldgica
Estdgios Tanner
(kg (cm) (anos)
Estdgio I 117,08 + 0,61 117,58 + 0,72 116,12 + 1,01
Pressdo Arterial  |Estdgio II 115,15 + 1,45 114,82 + 1,49 *115,05 + 1,65
Siscdlica Estdgio I 116,60 + 1,40 115,84 + 1,52 117,63 + 1,91
(mmHg) Estagio IV 119,21 + 1,34 118,13 + 1,60 121,86 + 2,14
Estdgio V 119,87 + 2,12 118,41 + 2,48 122,81 + 3,13
Estdgio I 61,26 + 0,72 61,19 + 0,83 60,43 + 1,12
Pressdo Arterial  |Estdgio II 58,42 + 1,70 58,41 + 1,71 58,77 + 1,84
Diastdlica Estdgio III 61,50 + 1,64 61,57 + 1,75 62,65 + 2,12
(mmHg) Estégio IV 61,56 + 1,57 61,75 + 1,84 63,51 + 2,38
Estdgio V 62,91 + 2,59 63,09 + 2,85 65,25 + 3,48

TABELA 4 - Percentagem de Idades cronoldgicas estratificadas pelos cinco estigios de Maturacdo sexual

propostos por TANNER (1962).

Idade Cronoldgica 3 9 10 11 13 13 14 15
(anos)
Estdgios
Tanner I 29.3% 54,8% 14,1% 1,1% 0,8% - - -
Tanner II - - 40,0% 2,9% 20,0% 34,3% 2,9% -
Tanner 111 = = = 4,9% 29,3% 51,2% 9,8% 4.9%
Tanner IV - - - - 1,7% 37.3% 47,5% 13,6%
Tanner V - = - - - - 33,3% 66,7%
Discussao

Encontramos na literatura uma variedade de es-
tudos que apresentam como resultado a associacao
da MS com os valores de PA (BEUNEN et al., 1981;
LEcciA et al., 1999; Szxro, 1979). No presente es-
tudo, os resultados sugerem, em primeiro lugar, que
ainfluéncia da MS nos valores de PA deve-se prin-
cipalmente aos efeitos das varidveis EST e MC. Estes
resultados corroboram a hipétese de DANIELS et al.
(1996), Bastos, MACEDO e R1yUso (1993) e SINAIKO
(1996) que observaram, a importancia da MC e
EST no diagnéstico de HTA.

Em segundo lugar, os resultados desta investiga-
cao permitem ainda afirmar que a influéncia da MS
nos valores de PA deve-se principalmente aos efei-
tos dissociados das varidveis EST e MC. Em outras
palavras, é possivel afirmar que h4 efeitos indepen-

dentes das varidveis MC e EST sobre a PA, o que

pressupbe a necessidade de considerarmos a rele-
vincia de ambas, MC e EST, na avaliacao da PA
em criangas e adolescentes. Este resultado corrobo-
ra as preocupacdes de REZENDE, SCARPELLL, SOUZA,
CosTa, SCARPELLI, SCARPERLLI, CARVALHO,
DAGOSTINI e PEDROSA (2003) quanto ao fato da
EST, ao ser freqiientemente relacionada com a MC,
gerar dificuldades em dimensionar a sua importin-
cia como varidvel interveniente na PA.

Qutras evidéncias corroboram as conclusées da
presente pesquisa. Sao os normogramas mais recen-
tes criados para classificar as criancas de acordo com
os seus valores de PA (GILLUM, PRINEAS & HORIBE,
1982; RosNER, HENNEKENS & Kass, 1993). Como
exemplo desta afirmacio refere-se a publicacdo do
National Heart Lung and Blood Institute ( UPDATE...,
1987) que apresenta uma tabela de valores

* 2 # 4 (diferengas
estatisticamente signifi-
cativas p < 0,05).
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normativos para a PA considerando os efeitos da
EST e IC. MACEDO, LOPES, PEREIRA e FREITAS (1997)
realizaram o mesmo procedimento para criangas
portuguesas, tendo como pressuposto a relevincia
dos padraes de crescimento, evitando, dessa forma,
diagnésticos equivocados para cada grupo etdrio em
relagao A EST e a MC. Presume-se que a dificulda-
de de acesso aos efeitos especificos dainfluénciada
MS na PA e dos fatores EST ¢ MC, decorrem do
fato dessas varidveis estarem fortemente
correlacionadas (MARSHALL & TANNER, 1969).
Por fim, em terceiro lugar, optou-se nesta
investigacao por controlar a varigvel [C, estratégia
sustentada devido a dispersao da IC de criancas e
adolescentes em cada estdgio maturacional
(TABELA 4). Assim, embora a andlise da varidncia
(TABELA 2) sugira diferencas estatisticamente
signiﬁcativas entre todos os estdglos maturacionais,
a andlise de covaridncia com o controle da IC
(TABELA 3), indicou a redugao entre as diferencas
existentes entre os valores médios de cada estdgio
maturacional, permanecendo a diferenca
estatisticamente significativa apenas entre os estdgios
maturacionais [I e IV. Estes resultados sugerem que
ao considerarmos a [C nas equacdes de predigo,
corrige-se provdveis erros de estimativa da PA em
criangas e adolescentes. Os resultados corroboram

Conclusoes

Os resultados do presente estudo sugerem as se-
guintes principais inferéncias:

- Os valores de PAS, nao apresentam diferencas es-
tatisticamente significativas quando as comparagtes
entre os niveis de MS controlam os efeitos das varid-
veis EST e MC.

- A PA apresenta valores estatisticamente significativos
apenas entre os estdgios I e [V quando as comparaces
entre os niveis de MS controlam os efeitos da varigvel IC.

Abstract

um conjunto de estudos que relatam o aumento
nos valores médios de PA com o aumento da IC
(BroTONS, SINGH, NisHIO & LABARTHE, 1989;
GUERRA, RiBEIRO, COSTA, DUARTE & MoTa, 2001;
HanseN, HYLDEBRANDT, NIELSEN & FROBERG, 1990;
MORRISON et al., 1999). Por outro lado, muitos
autores defendem a importincia em considerar as
variagbes biolégicas em comparagdo apenas a IC,
j4 que criancas com a mesma [C apresentam
diferencas em relacio a0 momento maturacional
que se encontram, fendémeno claramente
evidenciado no presente estudo. Teoricamente a
maturagao biolégica ¢ um aspecto da maturacao
correlacionado mas nio simultineo com a [C, como
sugere o fato de sujeitos com a mesma [C se tornam
adultos precocemente. Isto, evidentemente, estd
implicado no fato de que o relé gio biolégico interno
¢ distinto do calenddrio (TANNER, 1981).

Em sintese, pode-se afirmar que a identificacao
das varidveis intervenientes e das relacoes entre elas
na afericao da PA ¢ uma estratégia relevante para o
adequado diagnéstico em criangas e adolescentes.
A implementacao de mensuracbes mais sofistica-
das com a sugestao de equagbes de predigao que
considerem a EST, MC e IC, entre outras, como
demonstraram os resultados desta pesquisa, sdo im-
portantes.

Deste modo, os nfveis de PA em criangas e adoles-
centes do sexo masculino, nao devem ser determina-
dos pelos estdgios de MS independentemente de
considerar-se os efeitos dissociados das varigveis EST,
MC ¢ IC. Sugere-se que a medicao da PA nesta popu-
lagio deve ser efetivada a partir de uma equagao de
predicao que considere além dos estdgios
maturacionais, a [C e as varidveis de crescimento como

aMCeEST.

Effects of sexual maturation on blood pressure of male children and adolescents with different body

mass, height and cronological age

The aim of this study was to analyse if the effects of sexual maturation (SM) on sistolic blood pressure
(SBP) and diastolic blood pressure (DBP) are independent of body growth (height, weight, chronological
age), in boys aged 8-15 years old. Height and weight were determined by standard anthropometric
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methods (Counci oF Europe, 1988). Blood pressure (BP) was measured according to standard methods
(Gieman & Cook, 1995). Pubic hair was chosen as a secondary sexual characteristic for the puberty
classification in boys (Matsupo & Matsubo, 1994; Tanner, 1962). The results of the present study show
that SBP is influenced by SM (Anova). Results of the Ancova, with height and weight as the covariates,
did not show statistically significant differences. When chronological age is the covariate, the BP shows
statistically significant differences only between SM stages Il and IV. Conclusion: Boys BP should not be
determined by SM alone. The effects of height, weight and chronological age should be considered.

Uniterms: Sexual Maturation; Blood Pressure; Boys; Weight; Height.
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Abstract

Background: Elevated blood pressure (BP) has been reported in young people and seems to be
associated with body mass index (BMI) and reduced physical activity (PA).

Aim: This study sought to analyse the association of BP with BMI, PA intensity patterns and
cardiorespiratory fitness (CRF) in youth.

Subjects and methods: A cross-sectional study was carried out including 66 boys (13.91+1.76) and
97 girls (14.02+1.71). Anthropometric characteristics, CRF and BP were assessed during school time
and accelerometers were utilized to determine intensity of PA.

Results: The linear regression model, adjusted for age, sex and height, showed that higher values of
BMI were associated (p <0.05) with higher values of systolic blood pressure (SBP) (1.39; 95% CI:
0.56; 2.23) and diastolic blood pressure (DBP) (1.52; 95% CI: 0.68; 2.37). Additionally, SBP, but not
DBP, was inversely associated (p <0.05) with moderate PA (—0.25; 95% CI: —0.47; —0.02) and
positively correlated with sedentary activities (0.04; 95% CI: 0.00; 0.08).

Conclusion: The present study showed that BMI and time spent in sedentary activities were inversely
associated with SBP. However, time spent in moderate PA was positively associated with SBP. BMI
was the single predictor of DBP.

Keywords: Daily physical activity, accelerometers, blood pressure, children, adolescents, BMI

Introduction

Essential hypertension (HT) is one of the main identified risk factors for coronary heart
disease, stroke and renal disease in adults (Berenson et al. 1998). In the last decade,
elevated blood pressure (BP) has been reported in children and adolescents (Jago et al.
2006). A recent study found that the prevalence of hypertension ranged from 2.8% to
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22.3% in youth (Monyeki and Kemper 2008). Therefore, elevated BP seems to be
becoming a common health problem in childhood and adolescence (Falkner 2008).

Recent research indicates that children and adolescents with SBP and DBP above the
criterion values established by the literature are at increased risk of hypertension and
metabolic syndrome later in life (Sun et al. 2008). Furthermore, elevated BP established
early in life appears to be associated with early development of other metabolic
consequences such as cholesterol disorders and insulin resistance (NHBP 2004). The
main cause for the increased number of children and adolescents with high values of BP
seems to be the epidemic of overweight and obesity in childhood and adolescence
(Thompson et al. 2007). A number of studies have shown that level of BP is strongly
predicted by body mass index (Thompson et al. 2007). Overweight and obesity in children
is associated with higher BP compared to those children who are not overweight.
Additionally, higher levels of BP have been found in children who were less physically
active (Sugiyama et al. 2007).

In order to prevent high BP in youth, it has been recommended that the BP of children
and adolescents should be measured more regularly and that they should adopt a healthy
lifestyle including regular physical activity INHBP 2004). These suggestions are consistent
with data showing the association of lifestyle modifications with weight loss and increased
cardiorespiratory fitness (CRF) (Schoenenberger et al. 2007). A recent meta-analysis
confirmed that regular physical activity (PA) in adults induces a positive effect on both
systolic (SBP) and diastolic blood pressure (DBP) (Fagard 2005).

Nevertheless, the relationship of PA with BP in youth remains unclear (Sugiyama et al.
2007; Leary et al. 2008). One reason for these discrepancies might lie on the different
methods used to measure PA. Recent studies advocated that accelerometers provide an
objective, practical, accurate and reliable means of quantifying the amount and intensity of
PA and sedentary behaviours (Reilly et al. 2008). Furthermore, it has been suggested that
different PA intensities may be linked to differences in expected outcome effects. For
instance, children and adolescents who engage in larger amounts of vigorous but not
moderate PA tend to have better CRF and lower body fat than those who do not
(Katzmarzyk et al. 1999).

Therefore, this study sought to analyse the association of BP with PA intensity patterns
(sedentary, moderate and vigorous), assessed by accelerometers, CRF and BMI in youth.

Methods

This cross-sectional study was carried out as part of a longitudinal research project aiming
to analyse the prevalence of cardiovascular risk factors and their relationship with PA and
CRF in children and adolescents aged 8 17 years old of both sexes. This study was
conducted at Porto, Portugal and comprised five primary and high schools.

Participants

A total of 2184 children and adolescents of both sexes (aged 8 17 years) were analysed in
a longitudinal study. However, for the purpose of the present study only young subjects who
wore accelerometers (n =521) during seven consecutive days were selected. Thus, the
present study included 163 youngsters (66 boys; 97 girls) from 11 to 17 years of age, who
complied with the correct usage policy of accelerometers. Children and adolescents who
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failed to wear an accelerometer for at least for 4 days were excluded from the study. Schools
approved the study protocol and all parents signed an informed consent form. Students
were apparently healthy and free of medical treatment. All measures were carried out by the
same group (Physical Education teachers, medical doctor and nurse). This study was
approved by the Foundation for the Science and Technology of the Portuguese Ministry of
Education.

Anthropometric and body composition measurements

Body height was measured to the nearest mm in bare or stocking feet with the adolescent
standing upright against a Holtain Stadiometer. Weight was measured to the nearest
0.10 kg, lightly dressed and after having breakfast, using an electronic weight scale (Seca
708 portable digital beam scale). Body mass index was calculated from the ratio of body
weight (kg)/body height (m?) described in previous studies (Guerra et al. 2001).

Maturational stage

Data regarding the maturational stage were collected by individual self-assessment
conducted by pictures. Each subject self-assessed his/her stages of secondary sex
characteristics which were classified from pre-pubertal (stage I) to mature stage (stage V).
Stage of breast in females and pubic hair in males was evaluated according to the Tanner’s
criteria and previously used and validated in a similar sample (Mota et al. 2002).

Assessment of physical activity

Physical activity variables were assessed with the accelerometer Actigraph GT1M
(ActiGraph, LLC, Pensacola, FL, USA). The students wore the accelerometer in an
elastic waistband on the right hip during the daytime, except while sleeping, bathing and
during other aquatic activities. A data sheet was given to students who were instructed to
record the time when the monitor was attached in the morning and detached in the evening
and also when they did any aquatic activity.

The subjects wore the Actigraph over seven consecutive days in order to obtain a reliable
picture of the habitual PA (Trost et al. 2005). Children who did not manage to record more
than 480 min day Lof activity for more than 4 days were excluded from further analyses.
The averaged daily monitoring time during the week days was 13.6+1.02 h for boys and
13.4+1.05 h for girls, and on weekend days was 12.06 +1.67 h for boysand 11.72+1.55h
for girls. The recorded data was downloaded by a Reader Interface Unit (RIU) connected to
a computer with the software supplied with the RIU analyser. Activity data were stored on a
1 min interval (epoch), similar to other studies (Puyau et al. 2002; Ekelund et al. 2004). We
used the count ranges corresponding to the same intensity levels used by Andersen et al.
(2006): sedentary activities (<500 counts min ~'), moderate (>2000 counts min ') and
vigorous (>3000 counts min ~ ') intensity PA. These cut-off points were previously used in
other studies (Ekelund et al. 2007) and in similar contexts because published cut-off points
for different intensity levels vary substantially (Freedson et al. 1998; Puyau et al. 2002), and
they provide very different results from the same data and are therefore not comparable.
Specially written software MAHUFFE (developed by www.mrc-epid.cam.ac.uk) was used
for data reduction and further analyses. The outcome variables were daily activity counts
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(counts min ~ ! day '), which is an indicator of the total volume of PA, and time
(min day ~ ) spent at different PA intensity categories.

Cardiorespiratory fitness

CRF was estimated by maximal multistage 20 m shuttle-run test according to procedures
described from FITNESSGRAM (Cooper Institute 1999). The test involves continuous
running between two lines in time to recorded beeps. The time between recorded beeps
decrease each minute (level) requiring an increase in pace. The subjects continue until they
are unable to keep pace with the beeps. There are a total of 21 levels, which would take
approximately 21 min to complete. The score is the level and number of shuttles reached
before the athlete is unable to keep up with the recording for two consecutive ends. The
FITNESSGRAM was selected because of its ease of administration to large numbers of
subjects (Cooper 1999) and because the Shuttle Run Test predicted maximal aerobic
capacity and showed significant correlation with VO,,,., (r=0.80) suggesting that it could
be used as a measure of aerobic fitness in children (Vincent et al. 1999).

Blood pressure

Blood pressure was measured with an automated oscillometric sphygmomanometer
(DINAMAP model BP 8800) using a standard technique (Duarte et al. 2000). SBP and
DBP were measured in the right arm, with the subjects in the fasting state. The subjects were
in the sitting position (without their legs crossed), with the right arm at heart level. Three
standard pressure cuffs of correct size (9 X 18, 12 x 23, 14 x28 cm) were used according to
the published guidelines for BP assessment in children (NHBP 2004). The first and second
measurements were taken after 5 and 10 min resting, the mean of these measurements being
considered for statistical purposes. If these two measurements differed 2 mm Hg, the
protocol was repeated (two new measurements that could not exceed 2 mm Hg).

Statistical analysis

Descriptive statistics (mean and range values) were used in order to characterize the
participants of the sample. Independent z-test was used to test for differences in weight,
height, BMI, CRF, BP and PA between boys and girls. The association between BP; risk
factors and potential confounders was verified through Pearson’s correlation. The variables
that showed a statistically significant correlation with SBP and DBP (p<0.05), were
introduced in a multinomial linear regression, adjusted for significant potential confounders
(age, height, weight and sex). Analysis was performed with the statistical software package
SPSS 15.0 for Windows and level of significance was set up at p<0.05.

Results

Table I shows descriptive statistics (mean+standard deviation) of demographic and
anthropometric characteristics, sexual maturation stage, time spent in PA, CRF and BP
for boys and girls. Boys showed significantly greater height (1.684+0.10 boys; 1.58 4+0.18
girls) weight (61.744-13.59; 54.92410.39), vigorous PA (25.87+10.18; 19.594-11.32)
and CRF (46.39+422.94; 34.60+14.02) than girls. On the other hand, girls spent
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Table I. Physical characteristics, physical activity intensities, body mass index (BMI), fitness (CRF) and blood
pressure (SBP and DBP) differences according to sex.

n=163 Boys (n =66) Girls (2 =97)
Age (years) 13.91 (11-17) 14.02 (11-17)
Weight (kg) 61.74* (31.4-80.0) 54.92 (35.4-94.7)
Height (m) 1.6840.10* (1.42-1.88) 1.58 (1.40-1.85)
BMI (kgm ™2 21.68 (16.13-29.90) 21.21 (14.52-28.73)
CREF (laps) 46.39422.94* (12-100) 34.60 (12-70)

SBP (mm Hg) 122.57 (80-163.5) 120.27 (90-147.5)
DBP (mm Hg) 65.17+10.75 (43-93) 63.52 (40-85)
Sexual maturation 3.76 (2-5) 3.65 (1-5)
Sedentary PA (min day ™) 705.22* (1026.75-1346) 734.30 (1066-1356.23)
Moderate PA (min day ~?) 30.00 (7.75-67.00) 27.713 (8.75-67.25)
Vigorous PA (min day %) 25.87* (0.25-43.54) 19.59 (<217.5)

Independent z-test. *Boys and girls differences p < 0.05.

significantly more time in sedentary activity than boys (734.30+78.75; 705.224+77.05).
There were no statistically significant differences in time spent in moderate PA between
groups. No other statistically significant differences between boys and girls were found.

The outcomes of the regression analysis for SBP and DBP are presented in Tables I and ITT.
In both models we only included independent variables and potential confounders that were
previously associated with SBP and DBP in the Pearson’s correlation (p <0.05). Both models
showed significant results and they explain approximately 20% and 14% of the variance in
SBP and DBP, respectively. BMI emerged as the best predictor of SBP (p=0.001; f =1.399)
and DBP (»p=0.00; =0.73). However with regard to SBP interesting results were found for
PA. We analysed different models for each level of PA (vigorous, moderate, sedentary and total
PA). Increased time spent in sedentary activities was associated with higher SBP, whereas
increased time spent in moderate PA was associated with lower SBP. Thus, moderate PA
seems to be better predictor of SBP than sedentary PA, which showed higher variance with the
levels of SBP (—0.250; 0.045). Nevertheless, vigorous PA did not show significant association
with SBP and DBP.

Discussion

This study analysed the associations of BP with daily PA, CRF and BMI. Since the onset of
HT may lie in youth, it is of great importance to examine the associated risks in order to
develop preventive strategies targeting those at risk as early as possible (Falkner 2008). The
main finding of this study was that SBP in young subjects was independently predicted by
different levels of PA and BMI, after adjusting for a number of potential confounders such
as age, sex and height. On the other hand, DBP was only predicted by BMI. Our data are
potentially interesting mainly with regard to PA intensities, as greater sedentary activities
and less moderate PA were associated with higher SBP. Furthermore, our results showed
differences on the levels of PA and CRF between boys and girls. The present data are in
agreement with previous studies, which indicated that boys are more active than girls and
spend more time in vigorous PA and less time in sedentary activities. In addition, boys
present higher levels of CRF (Pate et al. 2004; Riddoch et al. 2004).

The results of comprehensive meta-analyses suggest that socio-cultural factors rather
than biological differences are primarily responsible for the differences between boys and
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Table II. Linear regression between SBP, BMI and PA adjusted for height, sex and age.

B P 95% CI
Model A (Constant) 11.78 0.63 (—36.88; 60.44)
R%2=0.204 Height (m) 7.04 0.41 (—10.10; 24.19)
BMI (kgm™?) 1.39 0.00 (0.56; 2.23)
Gender 1.31 0.66 (—4.65; 7.28)
Age (years) 0.89 0.37 (—1.08; 2.86)
Sedentary PA 0.04 0.01 (0.00; 0.08)
(min day™ )
Model B (Constant) 69.64 0.00 (35.57; 102.72)
R%?=0.196 Gender —0.28 0.92 (—6.13; 5.57)
Age (years) 1.06 0.28 (—0.89; 3.03)
Height (m) 6.54 0.45 (—10.70; 23.79)
BMI (kgm™?) 1.52 0.00 (0.68; 2.37)
Moderate PA —0.25 0.02 (—0.47; —0.02)
(min day~ 1)

Dependent variable: SBP (»<0.05).

girls in PA. Hence, these results may possibly be explained by social differences found in
childhood and adolescence of both sexes (Thomas and Thomas 1988).

In addition, our findings are consistent with several studies which have shown a strong
association between elevated BMI and high values of BP in youth (Sorof and Daniels
2002; Thompson et al. 2007). Thus, these data highlight the importance of tackling the
raising obesity levels in youth, which, together with family history appears to be the
principal risk factor for the development of HT in young populations (Sorof and Daniels
2002). This seems to be a worthy issue from the public health standpoint as
the prevalence of HT in childhood and adolescence appears to be strongly associated
with higher morbidity and mortality related to cardiovascular disease (Falkner et al.
20006).

Although some studies have suggested that modifications on BMI mediate the relation-
ship between PA, CRF and BP (Ekelund et al. 2007; Rizzo et al. 2007), we demonstrated
that PA was an independent predictor of SBP. Data from previous investigations that
showed an association between PA and SBP were however not conclusive (Singh et al.
2006; Sugiyvama et al. 2007; Leary et al. 2008).This may be a result of the different methods
used to measure PA, CRF and BP, and could also be related to the differences between the
study samples. In fact, there are a small number of studies that have analysed the
relationship between PA measured by accelerometer and BP. Moreover, our data showed
that PA is a predictor of BP, though different intensities of PA act differently, which may add

Table III. Linear regression between DBP, BMI and PA adjusted for height, sex and age.

B P 95% CI
R*=0.140 (Constant) —41.98 0.91 (—41.98; 37.51)
Height (m) —6.19 0.40 (—6.19; 15.19)
BMI (kg m~%) 0.19 0.00 (0.19; 1.24)
Gender —2.70 0.52 (—2.70; 4.65)
Age (years) —1.20 0.99 (—1.20; 1.21)

Dependent variable: DBP, » <0.05.
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some further information with regard to PA promotion. Indeed, an increase in time spent in
sedentary activities was associated with an increased SBP, whereas increased time spent in
moderate PA was associated with a decreased SBP. A relationship between BP and
moderate to vigorous intensity of PA has also been reported by the European Youth Heart
Study (Andersen et al. 2006) and higher levels of PA were associated with lower levels of BP
in Finnish youngsters (Leary et al. 2008). Therefore, these data indicate that the association
between SBP and PA intensity levels is important from a public health perspective.
Furthermore, our findings also suggest that moderate PA is a better predictor of SBP than
sedentary PA. In this sense, the findings of this study stress the importance of the youth
guidelines, which suggested moderate to vigorous PA as an important health-related
preventive factor (Strong et al. 2005). Promotion of moderate PA and the reduction of
sedentary behaviours seems to be an important means of prevention and treatment of HT in
younger populations highlighting the need for different strategies to deal with the two
different components of PA in daily life (Biddle et al. 1999).

The mechanisms by which PA influences levels of BP in children and adolescents, remain
unknown (Sorof 2002). There are consistent results, which support the idea that
engagement in PA associated to weight control acts as an important means to promote
health in young populations (Sorof and Daniels 2002). However it is necessary to promote
regular PA to obtain sustained effects of exercise. Indeed, improved adherence to exercise
has been shown to be associated with a decrease of BP as well as lower body weight
(Katzmarzyk et al. 1999). Therefore, regular exercise seems to have a twofold effect on the
levels of BP; on one hand, directly through physiological changes and, on the other hand,
indirectly through the control of body weight. The present study found that an increase in
time spent on moderate PA is associated with a reduction of BP levels. Furthermore, these
results also suggest that both volume and intensity of daily PA are important predictors of
decreased blood pressure.

In our study we did not find any other statistically significant association. Poor physical
fitness during these stages of life is associated with cardiovascular risk factors such
as hyperlipidaemia, hypertension and obesity (Katzmarzyk et al. 1999; Rizzo et al. 2007).
However, in our study CRF was not associated with BP and with different levels of PA.

Another important outcome was that our regression model explained only approximately
20% and 14% of the variance in SBP and DBP, respectively. This emphasizes that much of the
variability in BP remains unexplained in this population (Sorof and Daniels 2002). Hence,
elevated BP is also possibly additionally associated with other variables that were not
considered here, such as birth weight, time of breastfeeding, high intake of food rich in fat and
salt, ethnicity, social economic status among others (Singh etal. 2006; Sugiyama et al. 2007).

The strength of this study lies on the fact that this is one of the few studies addressing the
association of BP and PA using accelerometers in young people. This potentially gives
additional information to data collected in other population surveys and allows a better
understanding of targeting of preventive strategies. Nevertheless, some limitations should
be recognized. First, this study has a cross-sectional design with a relative small sample.
Thus, it is not possible to infer causal relationships with such a design and results should be
viewed with caution. Secondly, obesity or CRF were assessed indirectly. Although BMI has
become a very common method of assessing overweight/obesity, it does not capture
variations in fat and fat-free mass. Nevertheless, it was recently shown that, regardless the
cut-off points, overweight/obesity assessed by BMI during childhood is a strong predictor of
obesity and coronary heart disease risk factors in young adulthood (Falkner et al. 2006).
Furthermore, our data were adjusted for potential growth confounders such as age, sex and
height, which may overcome those concerns and can point to the importance of our data
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from the preventive point of view (Chen and Wang 2009). On the other hand, easy
administration of the shuttle run test and its common use in large-scale studies makes it as
a valuable tool for studying CRF in youngsters.

Conclusions

In conclusion, our data show that BMI is the best predictor of both SBP and DBP.
Furthermore, our data clearly demonstrate that higher moderate PA and lower sedentary
activity are associated with lower values of SBP. Therefore, promotion of moderate PA and
the reduction of sedentary behaviours are an important strategy in the prevention of
elevated BP along with weight control programmes.
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Abstract

Objectives: To examine the relationship between leisure time physical activity
(LTPA) and sports competition activities (Cairella et al., ) with high levels of
blood pressure in a sample of children and adolescents from Porto-Portugal.
Study Design: This is a cross sectional study, which comprised 503 boys and
572 girls, aged 8-17 years- old. LTPA and SCA were measured through a
questionnaire adapted to Portuguese youth population. The blood pressure
(BP) was assessed in fasting state using an automated oscilometric
sphygmomanometer. Participants were considered as hypertension when they
values are above of percentile 75 adjusted by gender and age.

Results: Our results showed that both SCA (OR: 1.36; 95% CI: 1.02; 1.81) and
LTPA (OR: 2.23; 95% CI: 1.67; 2.98) were inversely associated with risk of
HTA. However, while LTPA showed direct association with HTA the SCA vs.
HTA association did not showed statistically significant results when CRF (OR:
1.23; 95% CI: 1.06; 1.89) and BMI (OR: 1.31; 95% CI: 0.98; 1.75) were included
on the binary regression logistic model.

Conclusion: Taking into account that values of youth BP tend to predict adult
BP values, the results of our study highlighted the importance of participation in
LTPA and SCA through BMI and CRF as a preventive action against the

development of early HTA

Key-words: Sport Competition Activities — Leisure Time Physical Activity -

Blood Pressure - Children and Adolescents
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Introduction

Hypertension is one of the main risk factors for cardiovascular events in
adults (Vasan et al., 2001).In the last decade, elevated blood pressure (BP) has
already been reported in children and adolescents (Jago et al., 2006). A recent
study found that the prevalence of hypertension ranged from 2.8% to 22.3% in
youth (Monyeki and Kemper 2008). Therefore, elevated BP seems to be
becoming a common health problem in childhood and adolescence (Jago et al.,
2006). Recent studies pointed out that children and adolescents with systolic
BP and diastolic BP above the criterion values established by the literature are
at increased risk of HTA and metabolic syndrome later in life (Sun et al., 2008)
Furthermore, elevated BP established early in life appears to be associated with
early development of other metabolic consequences such as cholesterol
disorders and insulin resistance (Sun et al., 2008) as well as some cardiac
disturbances such as left ventricular hypertrophy and a thickening of carotid
intima-media thickness (Daniels 1999).
Overweight and obesity seems to be the main predictors of HTA in children and
adolescents (Ribeiro et al., 2003; Silva et al., 2009). On the other hand, other
variables showed significant variance on youth levels of BP (Sugiyama et al.,
2007; Leary et al., 2008). Physical activity (PA), sedentary behaviours, low
levels of cardio respiratory fithess (CRF) and, dietary patterns seems to be
associated with early development of HTA (Cairella et al., 2007; Kafatos et al.,
2007; Ruiz et al., 2007). Consequently, in order to prevent high BP in youth, it
has been recommended that children and adolescents measure more regularly
their BP and adopt a healthy lifestyle (Sugiyama et al., 2007) which includes
regular PA (Leary et al., 2008) and weight control (Silva et al., 2009).

Nevertheless, the relationship of PA with BP in youth remains unclear
(Leary et al., 2008). However, considering the elevated number of children and
adolescents that not fulfil the suggested PA guidelines for youth (Riddoch et al.,
2007; Metcalf et al., 2008), it seems worthy to develop policies and strategies
that allow increased levels of PA in these population (Pate and O'Neill 2009).
However, PA might be seemed in different domains and therefore the
relationship or associations between the context of PA and BP is worthy to
analyze. For instance, it has been suggested that participation in sports
competition activities (Cairella et al., 2007) and time spent at leisure physical
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activity (LTPA) seems to play an effective role in enhancing of daily moderate
vigorous PA (Pate et al., 2000; Pate and O'Neill 2009) but no data has been
provided with regard the association with health outcomes such as BP. Given
the fact that higher levels of PA are associated with outside school levels of PA
(Naylor and McKay 2009) it is important to identify in which context PA is
associated with decreasing levels of BP in youth.

Therefore, taking into consideration the importance of different context of
PA out-of-school (Pate et al., 2000), the purpose of this study is to verify the
association of participation in LTPA (al least four times a week) and in SCA and

BP in a sample of Portuguese children and adolescents.
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Methods

Participants

This is a cross—sectional study carried-out as part of a longitudinal
research project aiming to analyze the prevalence of cardiovascular risk factors
and the relationship with PA and CRF in children and adolescents of both
sexes. The sample of this study comprised 503 boys and 572 girls aged 11-17
year old from two different schools of Porto —Portugal. Schools approved the
study protocol and all parents signed an informed consent form. Students were
apparently healthy and free of medical treatment. All measures were carried out
by the same group (Physical Education teachers, medical doctor and nurse).
This study was approved by Foundation for The Science and Technology of

The Portuguese Ministry of Education.

Anthropometric and Body Composition Measurements
Body Mass Index

Body height was measured to the nearest mm in bare or stocking feet
with the adolescent standing upright against a Holtain Stadiometer. Weight was
measured to the nearest 0.10kg, lightly dressed and after having breakfast,
using an electronic weight scale (Seca 708 portable digital beam scale). Body
mass index was calculated from the ratio of body weight (kg)/ body height (m?2)

described in previous studies (Guerra et al., 2003).

Sexual Maturation

Regarding the maturational stage, data were collected by individual self-
assessment conducted by pictures. Each subject self-assessed his/her stages
of secondary sex characteristics which were classified from pre-pubertal (stage
I) until to mature stage (stage V). Stage of breast in females and pubic hair in
males was evaluated according to the Tanner’s criteria and previously used and

validated in a similar sample (Mota et al., 2002).
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Assessment of Leisure Physical Activity and Participation in Sports
Competition Activities

LTPA and SCA was assessed by a questionnaire previously used in the
same cultural context, which showed good reliability (ICC: 0.92-0.96) (Mota and
Esculcas 2002). From the gquestionnaire we drew two questions about these
different PA contexts: (a) leisure physical activity out of school (at least four
days per week) and (b) participation in sports competition activities (at club or at
school). These variables were categorized as SCA (yes or not) and participation
in LTPA (yes or not).

Blood Pressure

Blood pressure was measured with an automated oscilometric
sphygmomanometer (DINAMAP model BP 8800) using a standard technique
(Duarte et al., 2000). SBP and DBP were measured in the right arm, with the
subjects in the fasting state. The subjects were in the sitting position (without
their legs crossed), with the right arm at heart level. Three standard pressure
cuffs of correct size (9 X 18, 12 X 23, 14 X 28 cm) were used according to the
published guidelines for BP assessment in children (Duarte et al., 2000). The
first and second measurements were taken after 5 and 10 min resting, being the
second measurement considered for statistical purposes according of (Duarte
et al., 2000).If these two measurements differed 2 mm Hg, the protocol was
repeated (two new measurements that could not exceed 2 mm Hg). Children
and adolescents were categorized as in risk of develop HTA when showed SBP

and/or DBP values above of percentile 75 adjusted by sex and gender.

Cardiorespiratory Fitness

CRF was estimated by maximal multistage 20m shuttle-run test
according to procedures described from FITNESSGRAM (1999). The
Progressive Aerobic Cardiovascular Endurance Run (PACER) test is a maximal
aerobic fitness test. The test involves continuous running between the two lines
in time to recorded beeps. The time between recorded beeps decrease each
minute (level) requiring an increase in pace. The subjects continue until they are
unable to keep pace with the beeps. There are a total of 21 levels, which would
take approximately 21 minutes to complete. The score is the level and number
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of shuttles reached before the athlete was unable to keep up with the recording
for two consecutive ends. The FITNESSGRAM was selected because of its
ease of administration to large numbers of subjects and because the Shuttle
Run Test predicted maximal aerobic capacity and showed significant correlation
with VO,max (r=0.80) suggesting that could be used as a measure of aerobic
fitness in children (Boreham et al., 1990). Children and Adolescents were

categorized as fit and unfit according to Fitnessgram cut points (1999).

Statistical Analysis

All variable were checked for normality and appropriately transformed
where necessary.Descriptive statistics were used in order to characterize our
sample. Binary logistic regression model was carried out to assess odds ratio
for HTA associated with LTPA and SCA and potential confounder’s variables
such as BMI and CRF. Different models were showed according of inclusion of
confounding variables. All regression models were adjusted by sex, age and
sexual maturation. All statistical analyzes were performed with the Statistical
Software Package SPSS 16.0 for Windows and level of significance was set up
at p<0.05.

Results

Descriptive characteristic of the sample and prevalence of active and inactive
children and adolescents categorized as normotensive and hypertensive are
show on Table 1. Prevalence of inactive children and adolescents is more
elevated in hypertensive categories when compared with normotensive
categories for both SCA and LTPA and for boys and girls. However, the
difference between active and inactive groups did not showed significant results

with exception to LTPA on female gender (p<0.05).
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Table 1 Descriptive Characteristic of Normotensive and Hypertension
Children and Adolescents

Boys Girls

Normotensive HTA Normotensive HTA

Age (years) 15.39+1.47  15.40£1.50  15.30+1.54  15.33%1.56
Weight (kg) 63.54+11.62*F 70.21+13.30f 56.46+8.55*  60.13+11.31
Height (m)  1.71#0.08*t  1.73+0.08t  1.61%0.06 1.62+0.05
BMI (kg/m?)  21.62+3.11*  23.40+3.83  21.55+2.85*  22.84+4.16
CRF (laps) 61.66+20.841 62.25+25.07t 33.74+12.11* 30.39+11.00
SCA

Active 46.3%% 42%% 28.3% 21.8%
Inactive 53.7% 58% 71.3% 78.2%
LTPA

Active 39.4%t% 35.5%% 20.6%* 11.5%
Inactive 60.6% 64.5% 79.4% 88.5%

*Significant differences between normotensive and hypertension group

(p<0.05)

tSignificant differences between gender (p<0.05)

Logistic regression analyses (Table 2 and Table 3) showed the odds ratio for

HTA in relationship with LTPA and SCA. All regression models were adjusted

by age, sex, sexual maturation and height and for confounder’s variables such

as BMI, CRF and both.

On Table 2, LTPA was significant associated with HTA independently of BMI
and CRF (OR: 1.47; Cl 95%: 1.12; 1.93). Children and adolescents not
engaged at LTPA showed approximately 1.4 more probability of to be

hypertensions than their pairs engaged at LTPA.
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Table 2: Adjusted odds ratio (OR) of LTPA and 95% confidence intervals (ClI)
from logistic regression model predicting hypertension

Sig. OR 95.0% C.|
Model 1: LTPA
Height 0.00 8.87 (1.71;46.05)
Age 0.11 0.92 (0.83;1.01)
Sexual Maturation 0.11 1.19 (0.96;1.49)
LTPA (ref_active) 0.00 1.47 (1.12;1.93)
Model 2: LTPA, CRF
LTPA (ref_active) 0.01 1.43 (2.07;1.91)
CRF (ref_fit) 0.01 1.44 (1.08;1.92)
Model 3 : LTPA, BMI
LTPA (ref_active) 0.00 1.49 (1.13;1.96)
BMI (normal weight) 0.00 2.39 (2.77;3.24)
Model 4: LTPA, BMI
and CRF
LTPA (ref_non risk) 0.00 1.50 (1.12; 2.02)
BMI (non risk) 0.00 2.22 (1.59;3.09)
CRF (ref_non risk) 0.00 1.17 (0.86;1.58)

All models are adjusted by height, sex, sexual maturation and age.
*statistically significant results (p<0.05)

OR: odds ratio

LTPA: leisure time physical activity

BMI: body mass composition

CREF: cardio respiratory fitness

LTPA was categorized non patrticipated (0) and participated (1)
BMI was categorized in normal (0) and overweight/obesity (1)

CRF was categorized low fitness (0) and fitness (1)
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On Table 3 SCA showed significantly association with HTA. Children and
adolescents not engaged at SCA showed 1.3 more probability of to be
hypertension than children engaged in SCA (OR: 1.36; Cl 95%: 1.02; 1.81).
However, when BMI and/or CRF were included on the regression model the
SCA did not showed significant association with risk of to be HTA. Additional,
when both BMI and CRF were simultaneous included on the regression model
the odds ratio of to be HTA was associated only with BMI (OR: 2.17; 95% CI:
1.56; 3.02).

Table 3: Adjusted odds ratio (OR) of SCA and 95% confidence intervals (ClI)
from logistic regression model predicting hypertension

Sig. OR 95.0% C.I.
Model 1: SCA
Height 0.00 9.51 (1.83;49.36)
Age 0.19 0.93 (0.84;1.03)
SCA (ref_non risk) 0.03 1.36 (1.02;1.81)
Sexual Maturation 0.14 1.17 (0.94;1.46)
Model 2:SCA ,CRF
SCA (ref_non risk) 0.17 1.23 (0.91;1.67)
CRF (ref_non risk) 0.01 1.41 (1.06;1.89)
Molde 3: SCA,BMI
SCA (ref_non risk) 0.06 1.31 (0.98;1.75)
BMI (ref _normal) 0.00 2.34 (1.72;3.16)
Model 4: SCA, BMI
and CRF
SCA (ref_non risk) 0.14 1.25 (0.92;1.70)
BMI (ref_non riskl) 0.00 2.17 (1.56;3.02)
CRF (ref_non riskt) 0.33 1.15 (0.85;1.57)

All models are adjusted by height, sex, age and sexual maturation.
*Statistically significant results (p<0.05)

OR: odds ratio

SCA: sports competition activity

BMI: body mass composition

CRF: cardio respiratory fithness

SCA was categorized non participated (0) and participated (1)

BMI was categorized in normal (0) and overweight/obesity (1)
CRF categorized low fitness (0) and fitness (1)
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Discussion

Our study aims to examine the association between LTPA and SCA with HTA in
a sample of children and adolescents. At the best of our knowledge, a small
number of studies have observed the association between different contexts of
PA with early development of HTA. Thus, the main findings of this research
were that children and adolescents that not are engaged in both SCA and LTPA
showed a higher risk of to develop HTA than yours inactive pairs.

The results of this study are in agreement in other surveys which showing that
generally PA is a behaviour associated with low levels of BP (Boreham et al.,
1997; Twisk et al., 2000; Ekelund et al., 2007). However, other study highlighted
the role of different PA domains and its consequence as protection behaviour of
early development of youth cardiovascular risk factors (Boreham et al., 1997).
Our data also showed differences in relationship of PA different contexts of PA
and BP. Further, these findings raised the possibility of different pathway as
mediators of the relationship among two different contexts of PA with BP. Our
results, based upon on the risk vs. non risk approach (logistic regression
analysis), showed that children and adolescents not are engaged respectively in
SCA and LTPA were 1.3 and 1.5 more likely prone to be classified as HTA.
Nevertheless, SCA did not showed significant results when BMI and CRF were
included on the regression model. Of our understanding these data suggested
that SCA are associated with HTA dependently of BMI and CRF. Additionally,
when both BMI and CRF were simultaneous included on the regression model
only BMI (overweight/obese) was significantly associated with risk of children
and adolescents to develop hypertension.

Despite that both SCA and LTPA are contexts of PA that has parameters such
intensity, volume and frequency that are structured and controlled (Pate et al.,
2000) and probably these different contexts of PA are characterized trough
different amount of the intensity, frequency and volume. Thus, the dependent or
independent relationship between LTPA and SCA with HTA could be
associated with the different physiologic response existence among these
different PA contexts. Nonetheless these finding are worthy to comment.
Indeed, it is not surprising that those who are taken part in SCA are healthier.
Besides, their training condition normally is characterized by a high intensity PA
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levels that might explain why this association is dependently of CRF and BMI. In
fact it is well know that participation in SCA appear to be a PA context that is
significantly associated with increased CRF (Ruiz et al., 2006; Lohman et al.,
2008) and low adiposity levels (Rizzo et al., 2007; Ruiz et al., 2007). Secondly,
from a public health perspective, our data highlighted the importance of LTPA
on prevention of early development of risk factors of cardiovascular disease
such as HTA. Several studies have suggested that time spent in LTPA is
associated with higher MVPA levels (Gidlow et al., 2008; Pate and O'Neill
2009). As a result, these activities may contribute to increase the daily time
spent in youth MVPA and appears to be associated with healthy profiles (Aires
et al., 2007), including weight loss, increasing CRF levels and reduce the CVD
risk development (Reed et al., 2008). Besides, LTPA might be directly
associated with low BP levels due to a straight physiological mechanism of
exercise on the cardiovascular system that could be associated with HTA
trough of response of the highest frequency of this activity - at least four days
per week (Hawley 2002; Holder et al., 2009).

Additionally, our results may suggest the importance of both SCA and LTPA as
strategies of prevent early development of HTA. Our study is one of the few
studies addressing the association of children and adolescents HTA and
different PA contexts. This potentially gives additional information that allows a
better understanding of targeting of the preventive strategies to being
implemented. Nevertheless, some limitations should be recognized. First, this
study has a cross-sectional design with a relative small sample. Thus, it is not
possible to infer causal relationships with such a design and, therefore results
should be looked with caution. Secondly PA was assessed by questionnaire.

Further studies should consider this analysis using objective measures of PA:

Conclusion

Taking into account that values of youth BP tend to predict adult BP values, the
results of our study highlighted the importance of participation in LTPA and SCA
as a preventive action against the development of early HTA. A policy strategy
of promotion a healthy profile in childhood and adolescence seems to be related
with encouragement of youth to be active and participated in PA.
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Abstract:

Objective: To analyse the association of being assigned to a high blood
pressure (HBP) group with changes in body mass index (BMI), physical activity
index (PAI) and cardiorespiratory fithess (CRF) for one year in a sample of
children and adolescents.

Methods: This is a longitudinal study of 221 high school students aged 8-17
(85 boys and 136 girls). The blood pressure (BP) was assessed in fasting state
using an automated oscilometric sphygmomanometer. Students were invited to
measure anthropometric variables, sexual maturation and perform 20m Shuttle
and Run Test (Fitnessgram Battery Test). PAlI was assessed using a standard
guestionnaire. Changes over time were calculated: A = T1 - TO. Subjects were
classified with high values of BP if their values were above percentile 75,
adjusted by gender and age.

Results: For one year, approximately 6.5% of the subjects moved from normal
to HBP group, while 4.3% moved from HBP group to normal. The risk of being
assigned for the group of HBP for one year was associated with being male
(OR: 4.33; 95% CI: 1.74; 10.79) and overweight/obese at baseline (OR: 8.16;
95% CI: 3.40; 19.58). High levels of CRF at baseline were inversely associated
with risk of HBP values (OR: 0.31; 95%CI: 0.11; 0.88). However, this
association was dependent on the BMI. The differences of BMI, CRF and PAI
between time 1 and time 0 did not show significant association with the risk of
being in HBP group.

Conclusions: Our results suggest that for one year the number of children that
moved from normal to HBP group was higher than the number of subjects that
left the HBP group. Overweight/obese seems to be the main risk associated

with early development of HBP values in children and adolescents.

Key Words: longitudinal study; blood pressure; physical activity; body mass

index; cardiorespiratory fitness; children-adolescents
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Introduction

Essential hypertension is a main risk factor for cardiovascular disease in
adults (Berenson et al., 1998). Strategies for preventing the development of
hypertension seem to be associated with blood pressure (BP) control since
childhood and adolescence (Bao, Threefoot, Srinivasan, & Berenson, 1995;
Sun et al., 2008). Longitudinal researches have been suggesting persistence of
BP values from childhood into adulthood (Bao et al., 1995; Guerra et al., 2003).
In this context, many longitudinal studies have tried to understand the BP
behaviour during childhood and adolescence until adult life, as a prevention
approach to the development of cardiovascular disease (Guerra et al., 2003;
Sun et al., 2008). Chen & Wang, (2008) subsequent to reviewing 307 papers
about BP tracking, found a strong relationship between childhood into
adulthood, as well as the importance of early intervention.

Indeed, during the last decade there have been an increasing number of
children and adolescents with high levels of BP (Jago et al., 2006; McNiece et
al., 2007). Several studies identified overweight and obese pandemic as a main
risk factor for the early development of elevated BP (C. Boreham et al., 2001;
Freedman, Dietz, Srinivasan, & Berenson, 1999). Furthermore, an unhealthy life
style including physical inactivity, sedentary routine and diet rich in fat seems to
be an additional significant cluster of behaviour associated with overweight and
obesity as well as with early development of elevated BP (Kafatos, Manios,
Moschandreas, & Kafatos, 2007; Sugiyama et al., 2007). With regard to
physical activity (PA), recent cross sectional studies suggested a significant role
of moderate to vigorous PA as well as time spent at sedentary activities, as
important behaviours related with levels of youth and adolescents” BP (Cairella
et al., 2007; Leary et al., 2008). Considering that the study of the determinants
of BP in early life will allow the identification of potential adults who are at risk of
developing elevated BP, the aims of this study were (a): to analyse the
association of being assigned for the group of high blood pressure (HBP) with
changes in body mass index (BMI), physical activity index (PAl) and
cardiorespiratory fitness (CRF) for one year in a sample of children and

adolescents.
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Methods

Participants and data collection

This longitudinal study is a part of a research project aiming to analyze
the prevalence of cardiovascular risk factors and the relationship with physical
activity and cardio respiratory fitness in a sample of children and adolescents
from Porto-Portugal. This data was collected from one school of Porto-Portugal
in 2006 and 2007 fall where the subjects were followed during two years. The
sample of this study comprised 221 boys (85) and girls (136) with ages between
8-17 years old that had fully completed their data on blood pressure, physical
activity index, body mass index and cardiorespiratory fithess complete during
these two years. A written consent of the families was required. All students
were invited to measure blood pressure and anthropometric variables as well as
perform fitness tests and to answer a questionnaire about daily physical activity.
The Portuguese Ministry for Science and Technology provided permission to

conduct this study.

Anthropometric and Body Composition Measurements

Body height was measured to the nearest mm in bare or stocking feet
with the adolescent standing upright against a Holtain Stadiometer. Weight was
measured to the nearest 0.10kg, lightly dressed and after having breakfast,
using an electronic weight scale (Seca 708 portable digital beam scale). Body
mass index was calculated from the ratio of body weight (kg)/ body height (m2).
Children were categorized to overweight/obesity in agreement with Cole,
Bellizzi, Flegal & Dietz (2000) cut off points.

Maturational Stage

Regarding the maturational stage, data were collected by individual self-
assessment conducted by pictures. Subject self assessed their stages of
secondary sex characteristics. Each one was classified from pre-pubertal (stage
I) until to mature stage (stage V). Stage of breast in females and pubic hair in
males was evaluated according to the Tanner’s criteria and previously used and

validated in a similar sample (Mota et al., 2002).
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Assessment of Physical Activity Index

Physical Activity Index (PAI) was assessed by a questionnaire (Ledent,
Cloes, & Piéron, 1997). Application to a Portuguese population has previously
been described elsewhere (Mota & Esculcas, 2002). A significant and negative
correlation was found between the index of physical activity and heart rate at
rest, serum insulin and skin fold measurements, and assumed as indication of
validity of activity measure (Raitakari et al., 1994). The questionnaire had five
questions with four answer choices (four-point scale): 1) Do you take part in
organized sport outside school? 1) Do you take part in non-organized sport
outside school? Ill) How many times per week do you take part in sport or
physical activity for at least 20 minutes outside school? IV) How many hours per
week do you usually take part in physical activity so much that you get out of
breath or sweat outside school? V) Do you take part in competitive sport? The
overall maximum number of points possible was 22. A PA Index (PAI) was
obtained according to the total sum of the points with increasing ranks from the
sedentary to vigorous activity levels. Subjects with a score between 10 until 20
was considerate active (moderate-vigorous activity), while a score under of 10

was considerate inactive (sedentary activity).

Cardiorespiratory Fitness

CRF was estimated by maximal multistage 20m shuttle-run test according to
procedures described from FITNESSGRAM ("Cooper Institue for Aerobic
Research: FITNESSGRAM Test Administration Manual ", 1999). The
Progressive Aerobic Cardiovascular Endurance Run (PACER) test is a maximal
aerobic fitness test. The test involves continuous running between the two lines
in time to recorded beeps. The time between recorded beeps decrease each
minute (level) requiring an increase in pace. The subjects continue until they are
unable to keep pace with the beeps. There are a total of 21 levels, which would
take approximately 21 minutes to complete. The score is the level and number
of shuttles reached before the athlete was unable to keep up with the recording
for two consecutive ends. The FITNESSGRAM was selected because of its
ease of administration to large numbers of subjects and because the Shuttle
Run Test predicted maximal aerobic capacity and showed significant correlation
with VO,max (r=0.80) suggesting that could be used as a measure of aerobic
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fitness in children (C. A. Boreham, Paliczka, & Nichols, 1990). Children and
Adolescents were categorized as fit and unfit according to Fitnessgram cut
points ("Cooper Institue for Aerobic Research: FITNESSGRAM Test
Administration Manual ", 1999).

Blood Pressure

Blood pressure was measured with an automated oscilometric
sphygmomanometer (DINAMAP model BP 8800) using a standard technique
(Duarte, Guerra, Ribeiro, & Mota, 2000). SBP and DBP were measured in the
right arm, with the subjects in the fasting state. The subjects were in the sitting
position (without their legs crossed), with the right arm at heart level. Three
standard pressure cuffs of correct size (9 X 18, 12 X 23, 14 X 28 cm) were used
according to the published guidelines for BP assessment in children (Ribeiro et
al., 2004). The first and second measurements were taken after 5 and 10 min
resting, being the mean of these measurements considered for statistical
purposes. If these two measurements differed 2 mm Hg, the protocol was
repeated (two new measurements that could not exceed 2 mm Hg). Children
and adolescents were considerate with high values of BP when their values are
above percentile 75 adjusted by age and sex.

Statistical Analysis

All variable were checked for normality. Mean and standard deviations
described participant’s characteristics. The changes of mean anthropometric
variables; PA, CRF and BP between time TO and T1 were verified through
repeated measurement analysis of variance (General Linear Model) stratified by
normal and high blood pressure values. Pairwise Comparisons were made for
each variable and Bonferroni correction used to verify where the differences
were. Differences between the two assessments were verified thought
compared between frequencies of HBP in Time 0 and Time 1. Differences
between time 0 and time 1 (A= T1-TO) was calculated for BMI, PAI, CRF, SBP
and DBP. Logistic Binary regressions were used to examine association
between baseline variables and changes (A) in BMI, CRF and PA with high
blood pressure values over one year. These regressions models were adjusted
by sexual maturation, age, gender and height. All statistical analyzes were
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performed with the Statistical Software Package SPSS 16.0 for Windows and

level of significance was set up at p<0.05.

Results

Table 1 — Description of two cohorts (TO and T1) sample characteristics
and differences between TO and T1 stratified by normal and high systolic
blood pressure values

TO T1
Mean+SD Mean+SD
Normal HBP Normal HBP
Age (years) 14.53+1.38 15.02+1.21+ 15.71+1.37* 16.00+1.23**+
Weight (kg) 56.50+10.48 67.72+12.41+ 59.80+10.87* 70.40+15.75**+
A=3.30 A=2068
Height (m) 1.63+0.08 1.70+0.08+ 1.65+0.08* 1.72+0.09**+
A =0.02 A =0.07
BMI (kg/m?)
21.06+£3.16 23.44+4 51+ 21.87+3.38* 23.67+£5.19+
A=0.81 A=0.23
CRF (laps) 39.14+19.55 52.67+23.59+ 44.70+21.72* 62.08+27.97**+
A =556 A =941
11.30+4.14 12.23+4.20 11.89+4.28* 13.00+4.64
PAI (index) A =0.59 A=0.77
SBP (mmHgQ) 123.38+9.33 146.91+6.60+ 119.91+10.55* 141.33+9.61**+
A =-3.47 A =-558
DBP (mm Hg) 63.85+11.36 71.93+5.04+ 64.04+8.83 73.05+6.50+
A =0.19 A=112

Repeated Measured between TO and T1

*Significant differences between normotensive group between TO and T1 (p<0.05)
** Significant differences between high blood pressure (HBP) group between TO and T1 (p<0.05)

+ Significant differences between normotensive and high blood pressure group (p<0.05)

A (t1-t0) Mean differences between T1 and TO for both normal and HBP groups
HBP: high blood pressure values (percentil 75 adjusted by sex and age)

CRF: cardiorespiaratory fitness
PAI: physical activity index
SBP: systolic blood pressure
DBP: diastolic blood pressure

In Table 1 characteristics of the sample stratified by normal and high BP values
in TO and T1 are presented. Nearly all variables showed an increase in mean
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values in time 1. The highest mean values of all variables are observed in HBP
groups. SBP was the only variable that showed a decrease between TO and T1.
Although the mean values of BMI did not show a significant increase in HBP

groups, the highest values of BMI are observed in a HBP group.

Table 2: Frequency and percentage of children and adolescents
that changed from normal to HBP group in one year

Frequency Percentage
HBP — Normal 10 4.3%
Normal 161 69.4%
HBP 46 19.8%
Normal —HBP 15 6.5%

HBP: high blood pressure values

Table 2 shows the frequency and percentage of children and adolescents that
changed from one to another group. The percentage of children that changed
from normal to HBP group (6.5%) was higher than children and adolescents

that left the normal group (4.3%).
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Table 3: Adjusted odds ratio for high systolic blood pressure
group by body mass index, cardiorespiratory fitness and
physical activity index in one year

Model A (HBP) P OR 95.0% C.I
Age 0.10 1.33 (0.94;1.88)
Male (1)

Female p<0.01 4.33 (1.74;10.79)
Overweight

obese (1)

Normal p<0.01 8.16 (3.40;19.58)

Model B (HBP) Sig. OR 95.0% C.I.
Age 0.51 1.11 (0.80;1.55)
Male (1)

Female 0.01 3.02 (1.21; 7.53)
CRF (2)
Low CRF 0.50 0.73 (0.29;1.81)

Model C (HBP) P OR 95.0% C.I
Age 0.14 1.29 (0.91;1.81)
Male (1)

Female 0.06 2.64 (0.94;7.41)
CRF(2)

Low CRF 0.02 0.31 (0.11;0.88)
Overweight

obese (1)

Normal p<0.01 10.88 (4.31;27.43)

Model D (HBP) P OR 95,0% C.l.for
Age 0.47 1.12 (0.81;1.56)
Male(1)

Female P<0.01 3.22 (1.39;7.44)
PAI Active (1)
Inactive 0.46 0.76 (0.36;1.59)

(1): reference group for statistical analyses
CRF: cardiorespiratory fitness
HBP: high blood pressure

PAI: physical activity index

All model are adjusted by sexual maturation and height

Table 3 shows the predictors associated with risk of moving from normal
BP to HBP group and the risk of staying in HBP group for one year.
Baseline variables showed significant association with risk of being in
HBP groups (Table 3). Children and adolescents classified as male and
overweight/obese in baseline were significantly more likely to be
categorized with HBP values than female and normal weight children and

adolescents. Furthermore, high baseline levels of CRF were inversely
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associated with risk to having HBP values. However, the relationship

between HBP and CRF was significant only when BMI was included in

the model. PAI did not show significant results.

Table 4: Adjusted odds ratio for high systolic blood pressure
group by mean differences (A) of body mass index, cardiorespiaratory
fithess and physical activity between time 1 and time 0

Model A (HBP) P OR 95.0% C.I
A CRF 0.94 100 (0.97;1.03)
A age 0.37 1.30 (0.72; 2.34)
Male(1)

Female p<0.001 6.51 (2.84;14.91)
A SM 0.12 0.66 (0.38;1.12)

Model B (HBP) P Exp(B) 95.0% C.I
A age 0.51 1.20 (0.69;2.07)
Male(1)

Female p<0.001 7.26 (3.20;16.50)
A SM 0.09 0.63 (0.36;1.07)
A BMI 0.19 0.86 (0.70;1.07)

Model C (HBP) P Exp(B) 95.0% C.I EXP

A age 0.42 1.24 (0.70;2.29)
Male(1)

Female P<0.001 7.00 (3.00;16.30)
A SM 0.10 0.63 (0.37;1.09)
A BMI 0.31 0.89 (0.72;1.10)
A CRF 0.92 0.99 (0.96;1.03)

Model D (HBP) P Exp(B) 95.0% C.I

A Age 0.52 1.19 (0.69;2.06)
Male (1)

Female p<0.001 6.78 (3.02;15.23)
A SM 0.13 0.66 (0.39;1.12)
A PAI 0.93 0.99 (0.88;1.13)

(2): reference group for statistical analyses
CRF: cardiorespiratory fitness

HBP: high blood pressure

PAI: physical activity index

All model are adjusted by height

Table 4 shows association between the risk of being in HBP group with
variation of BMI, PAI and CRF (A = T1-TO) for one year. Our results did not

show significant association between HBP with variation of BMI, CRF and PAI.

82



Discussion

Considering the purpose of this study, our main result was that for one year
there were approximately 6.4% children and adolescents that moved from
normal to HBP group. In this context, overweight/obese youths in baseline and
male children and adolescents were the main predictors associated with the risk
of developing HBP. However, low levels of CRF showed a significant
association with HBP values, when considering overweight/obesity.

Longitudinal studies about trends of BP among children and adolescents
showed non-consistent results (Ostchega et al., 2009; Watkins et al., 2004).
(Din-Dzietham, Liu, Bielo, & Shamsa, 2007). However, the most recent papers
suggest obesity as a strong and independent outcome associated with early
development of HBP values (Din-Dzietham et al., 2007; Jago et al., 2006;
Ostchega et al., 2009). In this context, our pertinent result was the relationship
between being overweight/obese and the number of children and adolescents
that moved from normal to HBP group in a short time. Although our data did not
show a tendency to high mean values of BP in children and adolescents over
the time (Muntner, He, Cutler, Wildman, & Whelton, 2004), it did show a
tendency to an emergent number of children and adolescents having HBP.
Moreover, our results suggested a relationship between being
overweight/obese with HBP values independently of the role of growth,
maturation and development variables.

Additionally to the relationship between BMI and HBP values (Din-
Dzietham et al., 2007; Ostchega et al., 2009), there are just a few numbers of
studies about the relationship between PA and CRF with trends on
cardiovascular disease over the time (Andersen, 1996; Kvaavik, Klepp, Tell,
Meyer, & Batty, 2009; Twisk, Kemper, & van Mechelen, 2000). Furthermore, the
majority of these published papers were about tracking of BP (Andersen, 1996;
Twisk et al., 2000). There are just a few numbers of studies that showed the
main predictors of elevated risk for having HBP over the time.

In this context, results of a recent prospective cohort study with 1016
youths from Oslo published by Kvaavik et al, (2009) showed an inverse
relationship between physical fithess and systolic and diastolic values in
baseline time and in a second time two years later. When Andersen et al,
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(1996) studied changes in PA, fithess and coronary health disease in a
subgroup of high school children from Denmark, a highly significant relationship
between VO2 max and BP was showed. Maximova, O Loughlin, Paradis,
Hanley, & Lynch (2009) in a recent study over five years suggests a relationship
between decline of 1 moderate vigorous PA session per week, each year, for
0.29 mm Hg and 0.19 mm Hg high SBP boys and girls, respectively, in early
adolescence and 040 mm Hg and 0.18 mm Hg respectively in late
adolescence.

Therefore, results of our data also showed a significant association
between low levels of CRF and the risk for moving or staying in HBP group.
However, this association was dependent on BMI. Frequently, several cross
sectional studies showed an inverse association of high levels of CRF with a
risk to develop HBP values (Andersen, 1994; C. Boreham et al., 2001).
Consequently, the strength of our study is based on showing the relationship
between CRF in baseline and HBP, dependently of BMI, over the time.

Nevertheless, this result is in contrast to reported findings from adults’
studies. Fitness and changes in fitness is shown as a strong predictor of
cardiovascular risk factors and mortality independently of body fatness (Blair et
al., 1996). On the other hand, several children and adolescents cross sectional
studies are in agreement with our findings (C. Boreham et al., 2001; Ekelund et
al., 2007). The relationship between CRF and cardiovascular risk factors among
children and adolescents population seems to be dependent of BMI (C.
Boreham et al., 2001; Dencker et al., 2008; Ekelund et al., 2007). However, this
disagreement could be explained if considered that normally children do not
have cardiovascular disease developed. They could be in the beginning of the
atherosclerotic process, and obesity seems to be the main risk factor
(Freedman, Katzmarzyk, Dietz, Srinivasan, & Berenson, 2009). These results
make CRF an important predictor associated with obesity and consequently
with the risk of developing cardiovascular disease.

So, our study showed several limitations such as the size of our sample,
the short time between the two assessments of BP, as well as the indirect
methods that we used to measure BMI, CRF and PAI. However, the strength of
our research was that this is a longitudinal study, which aimed to verify the
association between the changes over the time of BP and the relationship with
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baseline and variation of PA, CRF and BMI in a sample of children and
adolescents. This research comprised two measurements of the same children
and adolescents.

Additionally, despite our results showing significant differences between TO
and T1, probably these differences are associated with growth, development
and maturation process. Consequently, it did not show significant association
with the risk of children and adolescents moving from normal to HBP group.
Although, regardless of our short interval between TO and T1 our data
suggested that in a short period of time, overweight/obese children and
adolescents showed a higher risk than normal weight children to developing
HBP values. Associated to this finding is the protector role of high levels of
CRF. However, PA did not show significant association with HBP values. This
result could be associated with the difficulty of assessing PA through a
questionnaire for children and adolescents (Reilly et al., 2008).

Our findings seem to be in agreement with the necessity of strategies to
prevent high BP in children and adolescents throughout the control of obesity
pandemic in children and adolescents. Furthermore, high levels of CRF are an
important behaviour associated with this relationship between BMI and BP.
Conclusion

Our results showed a significant number of children and adolescents that
moved from normal to HBP group over a short time. Overweight/obese was the
main predictor associated with this BP behaviour. However, CRF showed a
significant role in this relationship between BP and BMI.
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6. Considerag®es finais






6. Consideracdes Finais

O presente estudo teve como objectivo verificar a associagao entre as
variaveis do crescimento e do processo maturacional com os valores de TA
infanto-juvenil. Adicionalmente, o estudo da relacédo entre os valores de TA e os
diferentes contextos da AF, considerando o comportamento da APCR e do
IMC.

Objectivando os estudos da TA e a sua relagdo com a AF numa amostra
constituida por criancas e adolescentes, parece relevante a preocupagdo com
os factores de crescimento, do desenvolvimento e aqueles factores
relacionados ao processo maturacional (Chen & Wang, 2009). Os niveis de TA
infanto-juvenil sao influenciados pela idade, pelo sexo e pelo tamanho corporal
(Q. He et al., 2000; Rosner et al., 2000). Embora existam divergéncias sobre a
importancia das variagdes ocorridas na puberdade nos valores de TA. Cho et
al.,, (2001) e Leccia e tal., (1999) sugeriram existir influéncia significativa da
maturacdo sexual sobre os valores de TA. Contudo, esta relacdo parece ser
dependente das variaveis de crescimento.

Neste ambito, os nossos dados identificaram uma significativa
associacdo do processo de maturacao sexual com os valores médios de TA
sistélica e diastdlica. Todavia, esta relacdo modificou-se quando considerou-se
da altura, do IMC e da idade, sugerindo, além de um papel interveniente da
maturacdo sexual, uma influéncia significativa das variaveis do crescimento e
da idade cronolégica. Estes resultados foram considerados ao longo da
construcdo dos restantes artigos quando analisada a relagao entre a TA e 0s
diferentes contextos da AF.

Adicionalmente, o objectivo dos estudos da relacdo entre a AF e o0s
valores de TA numa amostra de criancas e adolescentes foi sustentado por um
namero significativo de pesquisas que apontaram a AF como um meio nao
medicamentoso de prevencdo no desenvolvimento precoce dos factores de
risco das DCV (Andersen et al.,, 2006; Eisenmann, Katzmarzyk et al., 2005;
Ekelund et al., 2007). Contudo, nos adultos, a associacdo das variaveis que
constituem um estilo de vida saudavel, incluindo a pratica regular de AF, com
os valores de TA sistdlica e diastdlica ja € reconhecido (Hagberg et al., 2000).

Por outro lado, na populacéo infanto-juvenil, estudos tém frequentemente como
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principal objectivo a andlise especifica da relacdo entre a AF e 0s seus
diferenciados contextos com os valores de TA sistolica e diastdlica. Contudo,
as evidéncias ainda sao reduzidas e apresentam algumas divergéncias ao
longo dos resultados publicados (Ekelund et al., 2007; Kafatos et al., 2007;
Kelley et al., 2003; Leary et al., 2008). Na perspectiva de uma melhor
compreensao das relagdes entre a AF e a TA infanto-juvenil, os nossos dados
sugerem uma associacao significativa entre a AF e os valores de TA sistdlica.
No entanto, quando analisados os diferentes contextos da AF, foram
verificadas diferencas relativamente a intensidade e as caracteristicas das
diferentes actividades praticadas.

Relativamente as diferentes intensidades da AF, os nossos resultados
vao ao encontro daqueles observados na literatura (Leary et al., 2008;
Sugiyama et al., 2007), sugerindo a necessidade de promover a AF moderada,
adicionalmente a importancia significativa de prevenir o numero de horas
despendidas em actividades sedentérias (Cairella et al., 2007; Sugiyama et al.,
2007). Por outro lado, criancas e adolescentes inseridos em diferentes praticas
desportivas durante o horario extra-escolar apresentaram uma relacéo
diferenciada com os valores de TA sistdlica. A AF considerada de lazer, a
participacdo em desportos de competicao, o IMC e a APCR associaram-se com
os valores de HTA. Contudo, a participacdo em desportos competitivos parece
estar associada aos valores de TA dependentemente da APCR e do IMC.
Estes resultados parecem ser convincentes tendo em consideracdo as
caracteristicas morfoldgicas associadas a aptidao fisica, as quais sdo comuns
as criangcas e aos adolescentes que participam em desportos competitivos.
Todavia, parece existir uma relacdo da AF nao estruturada e ndo organizada
com os valores de TA, independentemente do IMC e da APCR. Estes
resultados vao ao encontro daqueles obtidos por Ekelund et al., (2007) quando
concluiram existir uma relagdo entre a APCR e os factores de risco das DCV
dependente do sobrepeso/obesidade, enquanto que a AF apresentou uma
associacao independente.

Adicionalmente, as variaveis associadas com os valores de TA diastolica
parecem ser diferenciadas daquelas que se associaram aos valores de TA
sistdlica (Sugiyama et al., 2007). A analise dos estudos publicados sugere uma
diversidade de resultados. Entretanto, alguns estudos apontam para uma
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relacdo significativa do tempo dispendido em actividades sedentarias com os
valores de TA diastélica. Mais estudos sdo necessarios para a compreensao
destas divergéncias entre resultados e para uma melhor compreensdo das
diferencas entre os determinantes da TA sistdlica e TA diastolica.

Por fim, os resultados do estudo longitudinal apontam para o
sobrepeso/obesidade como o principal predictor associado com o risco de
criangas e adolescentes desenvolverem valores elevados de TA ao longo do
tempo. Resultado que vai ao encontro daqueles observados nos estudos
transversais. Contudo, ndo foram verificadas associa¢fes significativas entre o
risco de desenvolver valores elevados de TA ao longo do tempo com o0s
valores de AF. Todavia, valores elevados de APCR se associaram
inversamente com o risco de desenvolver valores elevados de TA quando o
IMC foi incluido no modelo. Estes resultados parecem sugerir, mais uma vez
em acordo com 0s nossos resultados transversais, 0 sobrepeso/obesidade e
os valores reduzidos de APCR como factores de risco para o desenvolvimento
precoce de valores elevados de TA. N&o obstante, apesar de nao termos
encontrado uma relacédo directa da APCR com a TA, est4 associou-se com 0
principal factor de risco para o desenvolvimento de valores elevados de TA na
infancia e adolescéncia.

Apesar dos nossos dados sugerirem resultados relevantes em relacdo a
pratica da AF, excesso de peso corporal e valores reduzidos de APCR e o
risco de desenvolver valores elevados de TA na infancia e na adolescéncia, de
facto, muitas limitacoes foram observadas ao longo deste processo, as quais
servirdo para um melhor controlo no desenvolvimento de futuras pesquisas.
Relativamente aos valores de TA, apenas duas afericbes foram realizadas.
Aléem disso, foram encontradas dificuldades em categorizar estas variaveis,
tendo em consideracdo a inclusdo de muitas criancas na categoria de risco
com a utilizacao dos pontos de corte propostos pelo NHBP ("The fourth report
on the diagnosis, evaluation, and treatment of high blood pressure in children
and adolescents," 2004). Por conseguinte, optamos por considerar em risco as
criancas e adolescentes que se encontravam acima do percentil 75, ajustado
para a idade e sexo. Ainda assim, em todas as analises multi-variadas,

controlamos o efeito da altura e da maturagéo sexual.
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Relativamente a AF, nao foi possivel a utilizacdo da mesma metodologia
nos quatro artigos construidos. Devido a dificuldade de compreensdo no
preenchimento dos questionarios, a sua utilizagdo podera estar associada a
alguma super-estimativa das actividades, principalmente quando empregues
em estudos com criancas (Sallis & Saelens, 2000). Este € o caso da
categorizagao verificada no terceiro artigo relativamente as actividades de lazer
e desporto competitivo, na qual poderd ter havido alguma dificuldade na
compreensao do instrumento pelas criangas mais novas. Assim a utilizacdo do
questionario para avaliar a AF no estudo longitudinal podera esta associada
com a diferenca de resultados entre este e os estudos transversais. Todavia, 0
presente questionario foi validado numa amostra de criancas e adolescentes da
populacao portuguesa (Mota & Esculcas, 2002).

Em sintese, os resultados dos estudos sugerem a AF nos seus
diferentes contextos e intensidades e a APCR como uma variavel importante
na prevencgéo do desenvolvimento precoce de valores elevados de TA infanto-
juvenil. Contudo o IMC parece ser o principal predictor dos valores elevados de

TA na infancia e adolescéncia.
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