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RESUMO

Introdugao: A obesidade ¢ caracterizada como uma doenca complexa, multifatorial e
cronica, com consequéncias biologicas e sociais desencadeadoras de diversas
comorbidades. O balango energético positivo atua como um fator que desregula as vias
de sinalizagdo orexigenas (Neuropeptidio Y — NPY e Peptideo relacionado ao gene agouti
- AgRP) e anorexigenas (Hormdnio estimulante de melanocito - a-MSH) controladoras
da fome e saciedade, aumentando a quantidade e o tamanho das células adiposas;
modificando a acdo das adipocinas (Leptina e Adiponectina), e influenciando
negativamente a fisiopatologia da obesidade. Devido a escassez de estudos com humanos,
principalmente em populagdes pediatricas, o comportamento de variaveis do balango
energético em protocolos para emagrecimento em diferentes faixas etarias ainda
permanece pouco elucidado. Objetivos: Avaliar em adolescentes com obesidade
submetidos a terapia interdisciplinar para emagrecimento de longo prazo a influéncia dos
niveis séricos iniciais do neuropeptideo anorexigeno a-MSH, bem como a influéncia do
percentual de reducdo de peso corporal e do consumo de gordura alimentar/Indice
Inflamatoério da Dieta (E-IID) na modulagdo de fatores anorexigenos e orexigenos do
balanco energético. Métodos: Foram selecionados 148 adolescentes de ambos os sexos,
com idades entre 14 e 19 anos, classificados com obesidade de acordo com o Indice de
Massa Corporal (IMC) por género e idade da Organizacdo Mundial da Satide (OMS), e
estagiamento puberal 5, de acordo com a classificacdo de Tanner. Os voluntarios foram
submetidos a 1 ano de terapia interdisciplinar com acompanhamento endocrinolégico,
psicoldgico, nutricional, fisioterapéutico e, treinamento fisico supervisionado. Apos a
selecdo inicial e periodo de intervengdo, os voluntdrios realizaram avaliagdes da
composi¢do corporal e coletas sanguineas para analise dos marcadores séricos
metabolicos, hormonais e do balango energético (MCH - hormdnio concentrador de
melanocitos, AgRP, NPY, a-MSH, Leptina e Adiponectina). As andlises estatisticas
foram realizadas utilizando o software Statistica versao 7.0, adotando p<0,05.
Resultados:

Artigo 1 — 110 participantes concluiram o tratamento e foram divididos ap6s a terapia em
de acordo com tercil inicial dos niveis séricos de a-MSH: Tercil 1 (< 0,75 ng/ml; n=37);
Tercil 2 (>0,75 to <1,57 ng/ml; n=40); Tercil 3 (>1,57 ng/ml; n=36). O tratamento
promoveu melhora da gordura corporal e da massa livre de gordura para todos os grupos.

Apenas no Tercil 3 foi observado um aumento da relacio a-MSH/NPY e diminui¢do na
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concentragdo de MCH, em compara¢do com os Tercis 1 e 2. No grupo com maior
concentracdo de a-MSH foram observadas correlagcdes negativas entre Aa-MSH/NPY
com ANPY/AgRP, NPY ¢ MCH.

Artigo 2 — 108 adolescentes completaram a terapia e foram analisados de acordo com a
reducdo do peso corporal nos grupos baixa perda de peso (BPP: <10%; n=68) e grupo
alta perda de peso (APP: >10%; n=40). Os dois grupos apresentaram reducdo no peso
corporal, IMC, gordura corporal, leptina, e aumento de massa livre de gordura. A variagdo
do a-MSH foi menor no grupo BPP comparado ao grupo APP, sendo que os valores
permaneceram positivos apenas no grupo com reducao ponderal acima de 10% do peso
corporal. O Aa-MSH/AgRP e Aa-MSH/NPY foram menores no BPP comparado ao APP.
As concentracdes de leptina chegaram a valores médios proximos a normalizagao
somente no APP, e o ALeptina para o mesmo grupo foi maior comparado ao BPP. As
variagoes dos neuropeptideos orexigenos AgRP e NPY foram maiores no grupo com
redugdo ponderal menor que 10% do peso corporal. Os deltas de peso corporal, a-MSH
e Leptina foram associados a diminuicao de gordura corporal e a formula: Y =-14.01 +
(0.28 x Apeso) + (-1.72 x Aa-MSH) + (0.06 x ALeptina), foi gerada.

Artigo 3 — Foram analisados o diario de trés dias de 50 adolescentes classificados de
acordo com aumento (> E-IID; n=30) ou diminuig¢ao (< E-IID; n=20) em seus escores de
E-IID. Nos dois grupos, foi observado redugao no peso corporal, gordura corporal e na
massa livre de gordura. Os niveis de leptina também foram reduzidos em ambos os
grupos, enquanto os valores de adiponectina aumentaram apenas no grupo < E-IID. Os
niveis séricos de neuropeptideos, as razdes anorexigenas e orexigenas ndo mudaram apos
o tratamento no grupo >E-IID, enquanto no grupo <E-IID houve uma reducao
significativa nos niveis de aMSH, MCH e NPY e um aumento na razao anorexigénica
oMSH/NPY. Quando analisada a amostra toda foram encontradas correlacdes negativas
entre ASFAs e AaMSH/AgRP (r=-0,35; p=0,01), ANPY/AgRP e AMUFAs (r = -0,33;
p=0,01) e PUFAs (r=-0,31; p = 0,02).

Conclusées: Em suma, a alta concentragao de a-MSH promoveu melhor modulacao de
vias anorexigenas/orexigenas em adolescentes com obesidade apds terapia de perda de
peso a longo prazo. A perda de peso corporal menor que 10% parece ser desfavordvel a
normaliza¢do das fungdes dos neuropeptideos séricos orexigenos e anorexigenos € a
reversdo da hiperleptinemia em adolescentes com obesidade. O modelo matematico
apresentado que indica um possivel prognostico de perda de gordura corporal utilizando

variagdes de peso corporal, a-MSH e leptina. Por fim, a diminui¢do do escore de E-IID
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apos terapia interdisciplinar a longo prazo para perda de peso parece estar relacionada a
diminui¢do sérica de neuropeptideos orexigenos € com aumento na razao anorexigena,
resultando em um cenério mais favoravel para o controle do peso e da ingestdo de

alimentos, bem como uma melhora do estado pré-inflamatoério.

xxi
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1. INTRODUCAO

A obesidade ¢ caracterizada pelo acumulo excessivo de tecido adiposo gerado
pelo balago energético positivo predominantemente associado ao estilo de vida
sedentario e aumento no consumo de alimentos caléricos, com impacto negativo na
saude corporal e emocional (Farooqi et al., 2014; Damaso et al., 2009). Classificada
como doenga de saude publica, a obesidade vem atingindo tanto paises desenvolvidos
quanto em desenvolvimento (WHO, 2015), afetando de forma preocupante idades
precoces (de Onis, Blossner, Borghi, 2010; WHO, 2006).

No Brasil, segundo a pesquisa do Instituto Brasileiro de Geografia e
Estatistica (IBGE) a obesidade na adolescéncia aumentou 39% entre os anos de 2005
e 2010, acometendo 4,9% da populacao nesta faixa etaria, somada a uma parcela de
20% de adolescentes que se encontravam em faixa de sobrepeso (IBGE, 2010). Em
2016, apesar de ndo serem publicados dados sobre adolescentes especificamente, a
obesidade no Brasil aumentou 60% comparado ao ano de 2006 (VIGITEL, 2017).

O quadro alarmante dos indices crescentes de obesidade mundial traz a tona
diversos aspectos a serem investigados por esta doenga envolver inimeros fatores que
vao além do excesso de gordura corporal, como a influéncia no metabolismo 06sseo,
hepatico e muscular, no sistema cardiovascular, respiratdrio, imunoldgico,
neuroendodcrino, entre outros (Sanches et al., 2014a; Damaso et al., 2014; Campos et
al., 2013; Campos et al., 2012).

Sabe-se que o equilibrio energético ¢ mantido por meio de véarios sinais
fisiologicos centrais e periféricos, que regulam a ingestdo de alimentos tanto a curto
como a longo prazo, promovendo a homeostase entre o consumo ¢ gasto de energia.
O processo de fome e saciedade ¢ regulado pelo ntcleo arqueado do hipotdlamo
(ARC) através da estimulacdo de neuropeptideos orexigenos (Neuropeptidio Y —
NPY e Peptideo relacionado ao gene agouti - AgRP) e anorexigenos (Hormodnio
estimulante de melanocito - a-MSH), que ¢ influenciada central e perifericamente de
tal forma que, quando essas vias sdo desreguladas, o balango energético pode se
tornar positivo (Fuqua, Rogol, 2013; Morton et al., 2006).

Dois hormonios orquestram esse processo de sinalizagdo hipotalamica de
forma antagonica, a leptina, liberada pelo tecido adiposo e considerada como
hormonio da saciedade, e a grelina, liberada pelo estdmago em resposta a fome (Klok

et al., 2007). Estudos prévios mostraram que adolescentes com obesidade possuem
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alta prevaléncia de hiperleptinemia, fator importante para gerar resisténcia
hipotalamica a sua acdo, e niveis séricos de NPY, AgRP e a-MSH desregulados,
caracterizando desequilibrio da regulagdo neuroendocrina do balango energético.
Nestes estudos foram observados que a redug¢do do peso corporal é acompanhada de
maior sensibilidade a leptina, devolvendo a responsividade a sua fungdo e, da
diminui¢do na expressao de marcadores séricos orexigenos ¢ aumento da estimulagdo
anorexigena pos tratamento (Sanches et al., 2014b; Carnier et al., 2013; Damaso et
al., 2011; Oyama et al., 2010).

Embora haja grande desenvolvimento cientifico sobre o tema obesidade, o
entendimento de alguns mecanismos fisioldgicos responsaveis por modular o controle
neuroendocrino do balango energético acessivel a pratica clinica ainda € escasso,

principalmente relacionando estudos com humanos e populagdes pediatricas.
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2. REVISAO DE LITERATURA

2.1 Definicao e classificacido da obesidade

A obesidade ¢ definida atualmente como uma doenca complexa, cronica e
multifatorial que se caracteriza pelo acumulo de tecido adiposo ¢ inflamagao de baixo
grau desencadeada por fatores enddgenos e exogenos que afetam o balango
energético, ¢ levam ao desenvolvimento de comorbidades associadas a taxas de
morbidade e mortalidade (WHO, 2015; Damaso et al., 2009; de Onis, Blossner,
Borghi, 2010; WHO, 2006). E categorizada, na 10* revisdo da Classificagdao
Internacional de Doengas (CID-10), no item de doengas enddcrinas, nutricionais e
metabolicas (WHO, 2000).

Para a avaliacdo e diagndstico nutricional da crianga (a partir dos 5 anos) e do
adolescente sdo utilizadas as curvas de crescimento, proposto pela Organizacgao
Mundial da Saude (OMS)/World Health Organization (WHO), que avaliam o indice
antropométrico de Indice de Massa Corporal (IMC) para idade, ajustado por género e
idade, levando-se em consideracao o Percentil e Escore Z (WHO, 2007). Apesar do
avango de métodos envolvendo a composicdo corporal como diagndstico e
acompanhamento da obesidade, o IMC, calculado através do peso corporal (kg)/m?, ¢
um método pratico, simples e de muito baixo custo, muito utilizado para avaliar o

estado nutricional em nivel populacional (ABESO, 2016).

2.2 Epidemiologia da obesidade

A Organizagdo Mundial da Saiude considera a obesidade como uma epidemia
mundial condicionada principalmente pelo perfil alimentar negativo e baixos niveis
de atividade fisica (WHO, 2000). Em ambito mundial, entre 1980 e¢ 2014, a
propor¢ao de individuos com obesidade cresceu alarmantemente. Atualmente, a
obesidade afeta 78,6 milhdes de pessoas, gerando uma prevaléncia aproximada de
30% da populagdo mundial acometida por essa doenca. Proje¢des recentes apontam
que em 2020, mais de 60% da populacdo mundial tera excesso de peso ou obesidade.

No Brasil, as estimativas de prevaléncia de obesidade, segundo o Sistema de
Vigilancia de Fatores de Risco e Protecdo para Doengas Crdnicas por Inquérito

Telefonico (VIGITEL), aumentaram de 15% para 18% de 2010 a 2014, na populagdo
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adulta em ambos os sexos. Mesmo com a detec¢do de um quadro grave na populagdo
brasileira em 2010, por meio do censo do IBGE, os dados atuais mostram que o
crescimento da populagdo acometida pela obesidade foi bastante significativo mesmo
em meio a programas de prevenc¢ao e tratamento (VIGITEL, 2017).

Para a faixa etaria pediatrica, no ano de 2013, os dados da OMS apontam que
no mundo 42 milhdes de criangas menores de 5 anos de idade estavam com sobrepeso
ou obesidade (WHO, 2015). O relatério do estudo de colaboragdo para risco de
doengas ndo transmissiveis, Risk Factor Collaboration (NCD) de 2016 que
relacionou a andlise conjunta dos dados do estudo publicados de 1975 a 2016, indica
um aumento na prevaléncia de obesidade padronizada por idade entre criangas e

adolescentes com idades entre 5 ¢ 19 anos (Figura 1) (NCD et al., 2016; NCD, 2017).
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Figura 1. Crescimento da obesidade em criangas e adolescentes de 1975-2016. Fonte:
http://www.ncdrisc.org/obesity-prevalence-map ado.html. Acessado em 05 de fevereiro de 2020.

No Brasil, os dados do ultimo censo do IBGE, apontaram mais da metade da

populacdo adulta com excesso de peso sendo que, nesses dados, 20% dos
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adolescentes apresentavam sobrepeso e 4,9% obesidade. Quando separados por
género e comparados com os sensos de anteriores, a prevaléncia de obesidade em
meninas de 10 a 19 anos aumentou de 0,7% para 4% e para meninos de 0,4% para

5,9%, entre os anos de 1975 e 2009 (Figura 2).

Evolugao de indicadores antropométricos na populagao de
10 a 19 anos de idade, por sexo Brasil - periodos 1974-1975, 1989 e 2008-2009
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Figura 2. Evolucdo de indicadores antropométricos da populagio brasileira de 5 a 19 anos - Adaptada
de IBGE (2010). Fonte: IBGE, Diretoria de Pesquisas, Coordenagdo de Trabalho e Rendimento,
Estudo Nacional da Despesa Familiar 1974-1975 e Pesquisa de Orgamentos Familiares 2008-2009;
Instituto Nacional de Alimentagéo e Nutri¢do, Pesquisa Nacional sobre Saude e Nutricdo 1989.

Nos paises em desenvolvimento, com economias emergentes (classificados
pelo Banco Mundial como paises de renda média e baixa) como o Brasil, a taxa de
aumento de sobrepeso e obesidade na infancia tem sido 30% superior em relacdo a
paises desenvolvidos, de acordo com os dados da OMS (WHO, 2015). O crescente
aumento da obesidade infantil agrava o quadro geral de saude publica pelos indices
de persisténcia da patologia na vida adulta chegarem a 80%, aumentando o risco de
desenvolvimento de comorbidades desencadeadas pela obesidade e da associacao de

curto e longo prazo com desfechos morbidos (Gungor, 2014).

2.3 Etiologia da obesidade

O entendimento da complexidade, da multifatoriedade e das consequéncias da
obesidade tem papel chave na estratégia populacional adotada para o seu combate e
tratamento pois, a tornam uma doenga de etiologia variada, abordando em sua génese

fatores ambientais, culturais, metabdlicos e hormonais, determinados por varidveis



sociais, genéticas, psicoldgicas, de nivel de atividade fisica e consumo alimentar em

constante investigacao e crescimento (Figura 3) (Gungor, 2014; Bass, Eneli, 2015).

Determinantes da obesidade pediatrica

* Atividade Fisica * Disfungoes endocrinas
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Figura 3. Determinantes da obesidade pediatrica - Adaptada de Gungor (2014). DM: Diabetes
Mellitus; IMC: Indice de Massa Corporal.

Esses fatores podem ser classificados como exogenos, relacionados aos
aspectos ambientais que interferem na génese da obesidade, somando 95% dos casos
e responsaveis pelo rapido crescimento da prevaléncia de obesidade e, endogenos,
ligados a alteracdes neuroenddcrinas e genéticas que englobam 5% da génese da
obesidade (Ramachandrappa, Farooqi, 2011; Raj e Kumar, 2012; Gungor, 2014).

Na génese exdgena, os determinantes da obesidade vao além do balango
energético afetado por alta ingestdo caldrica e diminuicdo do gasto por atividade
fisica, em que outros parametros tornam-se merecedores de atencao, principalmente
na infancia e na adolescéncia (Han, Lawlor, Kimm, 2010; Bass, Eneli, 2015; Gungor,
2014; Katzmarzyk et al., 2014). Aspectos relacionados ao pais de nascimento,
socioecondmicos € moradias urbanas e rurais, desenvolvimento eletronico, acesso a
alimentos industrializados, preferéncias por grupos de alimentos pré-estabelecidos,
entre outros, determinam habitos prévios de familias em relagdo a consumo alimentar

e gasto energético (Gungor, 2014).



Os aspectos citados reforcam o grave problema com o consumo inadequado
de alimentos e baixo nivel de atividade fisica, que vao contra o gasto e consumo
energético adequados que compde o balango energético estavel. O desenvolvimento
de habitos inadequados como baixo fracionamento de refei¢des, escolha por
alimentos com alto teor de gordura e aclcar se correlacionam com a génese da
obesidade no periodo da adolescéncia por muitas vezes estarem acompanhados do
baixo consumo de alimentos fontes de fibras, vitaminas ¢ minerais (Han, Lawlor,
Kimm, 2010). O documento oficial da Politica Nacional de Alimentagdo e Nutrigdao
(PNAN) do ano de 2013 mostra que, no Brasil, o adolescente possui o pior perfil
alimentar comparado a outras faixas etarias, com maior consumo de alimentos
industrializados, de alta densidade energética e baixo consumo de alimentos bésicos
como arroz e feijao (PNAN, 2013).

No ano de 2009, dados publicados pela Pesquisa Nacional de Satude do
Escolar (PeNSE), apontaram separadamente quais os principais indicativos
alimentares de risco a saude e de protecao a saude para alunos do nono ano do ensino
fundamental. Os dados mostraram que como fatores de risco a satide o consumo
semanal de embutidos (78,3%) e guloseimas (92%) e, que mais da metade dos
estudantes tinha o héabito de comer enquanto assistia a televisdo ou estudava, em
cinco dias da semana ou mais. Separados por géneros, foi observado que meninas
apresentaram maior regularidade e propor¢ao no consumo de guloseimas, biscoitos
doces e embutidos; e meninos, maior propor¢ao da pratica de comer enquanto assistia
a televisao ou estudava. Como fator importante de prote¢dao a saude, foi constatado
que a maioria dos estudantes realizava em cinco ou mais dias na semana, pelo menos
uma das principais refeigdes na presenca da mae ou responsavel (Levy et al., 2010).

O desenvolvimento da sociedade atual trouxe muitos beneficios e facilidades
a populagdo que agregaram progressos € melhorias em geral ao estilo de vida. Porém,
o desenvolvimento dos meios de transporte e tecnologias em geral contribuiu
positivamente para o aumento de hdbitos sedentarios e diminuicdo do gasto
energético por atividades fisicas cotidianas da sociedade (Ferrari et al., 2017; Guedes
et al., 2019). A redugdo no nivel de atividade fisica diaria se correlaciona com a
redu¢do do metabolismo basal, levando ao aumento na deposi¢cdo de gordura
abdominal, favorecendo assim o desenvolvimento e perpetuacdo da obesidade

(Sanches, Tock, Damaso, 2012).



Nesse contexto, os adolescentes sdo os maiores consumidores de fatores pré
sedentarismo como midias sociais, televisao, computador, celulares, entre outros, que
reforcam o comportamento inativo, diminuindo o gasto energético didrio e
contribuindo para génese e manutencdo da obesidade (Beighle, Morrow, 2017;
Guedes et al., 2019).

Beighle e Morrow (2017) discutem que a inatividade fisica estd relacionada
ao meio social em que a populagdo estd inserida e o perfil socioecondmico, sendo
essas barreiras mais dificeis de serem superadas entre adolescentes, por possuirem
controle limitado dessas circunstancias. Nessa perspectiva, Guedes e colaboradores
(2019) apontam que a escassez de politicas publicas destinadas as atividades culturais
em momentos de lazer, contribuem de forma significativa para reducao de atividade
fisica entre adolescentes € motivam o engajamento em atividades sedentarias.

Dentre os fatores endogenos do desenvolvimento da obesidade, os genéticos
podem contribuir para cerca de 70% dos casos, e estar presentes em condi¢des
extremamente raras como mutagdes nas vias de sinalizacdo da leptina e através de
sindromes que se associam a hiperfagia como ¢ o caso da sindrome Prader Willi
(Ramachandrappa, Farooqi, 2011; Raj, Kumar, 2012). Além disso, a exposi¢cdo a
doencas durante a gestagdo, o peso ao nascer € as primeiras etapas da alimentagdo
estdo associados a maior risco de desenvolvimento de obesidade e de doencas

cronicas ndo transmissiveis (DCNT) em idades precoces (Katzmarzyk et al., 2014).

2.4 Regula¢ao neuroendocrina do balanco energético

Entende-se como balango energético a razao entre o gasto e consumo de
energia. O equilibrio energético ¢ mantido através de varios sinais fisiologicos
centrais e periféricos que regulam a ingestdo de alimentos, tanto a curto quanto a
longo prazo, promovendo homeostase entre a ingestdo alimentar e o gasto de energia
(Fuqua, Rogol, 2013; Damaso et al., 2009).

A regulagdo neuroendodcrina do balango energético ¢ feita pelo ARC que se
conecta com sinais provenientes do tecido adiposo, estdmago, intestino delgado e
grosso, do pancreas e do figado, e do controle heddnico, em que o sistema nervoso
central (SNC) avalia informacgdes periféricas e de outras areas encefalicas. Essa rede
complexa de conexdes neurais com os sinais periféricos ¢ orquestrada por dois

principais hormdnios envolvidos no processo de saciedade e fome, a leptina e a
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grelina, respectivamente. Esses hormonios sdo responsaveis por estimularem
centralmente vias anorexigenas, que sinalizardo a inibi¢do do apetite e aumento do
gasto energético, e orexigenas, que possuem ac¢do contraria (Figura 4) (Klok et al.,

2007).
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Figura 4. Papel da Leptina e Grelina na sinalizagdo de neuropeptideos anorexigenos e orexigenos. -
Adaptada de Klok et al. (2007).

A leptina ¢ um hormonio peptidico expresso principalmente nas células
adiposas em resposta a ingestdo alimentar, e possui grande influéncia no balango
energético ¢ prevencdo da obesidade. O tecido adiposo ¢ considerado um o6rgao
endocrino, que produz e secreta diversos compostos peptidicos e ndo peptidicos
controladores do processo de ingestdo alimentar, homeostase energética,
sensibilidade a insulina, angiogénese, protecdo vascular, regulagao da pressao arterial
(PA) e coagulacdo sanguinea, além de expressar receptores que permitem responder
aos sinais aferentes do sistema hormonal tradicional e do SNC (Fuqua, Rogol, 2013;
Galic, Oakhill, Steinberg, 2010; Damaso et al., 2009; Morton et al., 2006).

Em individuos eutréficos, a leptina circula em niveis proporcionais a gordura
corporal, mostrando sua capacidade de responder ao aumento de peso e estado de
energia (Roff, Jappy, 2017). E responsavel por sinalizar ao hipotidlamo os sinais de
saciedade, estimulando a producdo de peptideo relacionado a anfetamina e cocaina

(CART) e pro-opiomelanocortina (POMC), principal precursor de o-MSH,
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importante controlador do balango energético (Bischoff et al., 2012; Vendrell et al.,
2004; Klok et al., 2007).

A expressao da leptina ¢ controlada principalmente pelo aumento na liberagdo
de insulina em estado alimentado, inibindo a ingestdo alimentar e controlando o
metabolismo de glicose e gordura. Assim, a insulina, que ¢ um hormoénio produzido
nas ilhotas pancreaticas envolvido na regulacdo do metabolismo de glicose e a vias
anorexigenas, juntamente com a leptina, inibem o apetite (Bischoff et al., 2012;
Vendrell et al., 2004; Seufert et al., 1999).

Com a liberacao de leptina, vias orexigenas do controle neuroendocrino do
balango energético sdo inibidas pela diminui¢do na expressio de NPY e AgRP.
Assim, no ARC, essas duas populagdes de neuronios (orexigenos: NPY e AgRP;
anorexigenos: POMC e CART) s3o responsivas a acdo da leptina de forma
antagdnica, pois ambos expressam receptores de leptina (OBRD), facilitando em
condigdes fisiologicas sua passagem pela barreira hemato-encefalica, sendo as vias de
transdu¢do de sinais a proteina transdutora de sinal e ativadora de transcrigao 3
(STAT3) e a fosfatidilinositol 3-quinase/ proteina quinase b (PI13-quinase/AKT). Isso
ocorre através de uma complexa cascata de auto fosforilacdes cruzadas, apos a
ligacdo da leptina com o seu receptor. Concomitantemente, a leptina inibe o
Horménio controlador de melanina (MCH), marcador orexigeno que reduz a
hiperfagia, o que estd associado a diminui¢do do peso corporal e da adiposidade.
Além disso, a leptina inibe a liberagdo de neurénios AgRP, o que também contribui
para o aumento do gasto energético e menor adiposidade corporal (Moehlecke et al.,
2016; Boguszewski et al., 2010).

O jejum fisiologico produz um quadro de ativagdo de vias orexigenas, tendo
como principal peptideo envolvido no processo pré prandial a grelina, que aumenta a
expressdo de NPY e AgRP. Produzida no estdbmago, a grelina ¢ conhecida como
“hormonio da fome” pelo aumento das concentracdes sanguineas se associar com 0
inicio da refeicdo (Daniels et al., 2005). A acdo hormonal da grelina se da via
sinalizacdo do SNC, aumentando a ingestdo alimentar e estimulando a adipogénese
no tecido adiposo, o que pode reduzir o gasto energético. Este hormonio também atua
aumentando a produ¢do do hormoénio do crescimento (GH), o controle da secregdo
acida e da motilidade gastrica, influéncia sobre a fun¢do enddcrina pancredtica e
metabolismo da glicose (Bischoff et al., 2012; van der Lely et al., 2004; Seufert et al.,
1999).
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O intestino também ¢é responsavel por sinalizar peptideos que interferem no
processo de saciedade: Peptideo semelhante ao glucagon-1 (GLP-1) e peptideo YY
(PYY). Tanto o GLP-1 quanto o PYY sdo dependentes da ingestdo alimentar, pois
diminuem os processos de motilidade intestinal, ¢ aumentam a saciedade,
desencadeando a diminui¢do do apetite e ingestdo de alimentos em individuos

eutroficos (Figura 5) (Bischoff et al., 2012; Vendrell et al., 2004).
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Figura 5. Regulacio do balango energético por mecanismos centrais e periféricos em estado pos-
prandial. Em estado alimentado, a estimulagdo pancreatica da insulina faz o intermédio da estimulagio
da leptina que acontece em proporcao a quantidade de tecido adiposo. A leptina sinaliza ao hipotalamo
a estimulacdo de neurénios da POMC e CART que estimulam a liberagdo de a-MSH, e inibindo a
estimulagdo de vias orexigenas por meio dos neuropeptideos NPY e AgRP, inibindo os sinais de fome.
A nivel gastrointestinal, o aumento da liberagdo de PYY concomitante a inibi¢do da grelina e GLP-1
participam do processo fisiologico da inibigdo do apetite. CART: Peptideo relacionado a anfetamina e
cocaina; POMC: Pré-opiomelanocortina; o-MSH: Hormonio estimulador de alpha melandcito; AgRP:
Peptideo relacionado ao gene agouti; NPY: Neuropeptideo Y; MCH: hormonio concentrador de
melandcitos; PYY: Peptideo YY; GLP-1: Peptideo semelhante ao glucagon-1.

Além dos hormodnios anteriormente mencionados, algumas adipocinas
também influenciam o metabolismo glicidico e lipidico, entre estes, a adiponectina,
que possui fungdo anti-inflamatéria. Este hormonio desempenha diversos papéis
positivos, tanto ao balanco energético quanto processos fisiologicos. Sua influéncia
estd no metabolismo muscular e hepatico através da sensibilizagdo insulinica,
diminuindo a producdo de glicose hepatica e de triglicerideos nos musculos,
aumentando a atividade do acetil coenzima A (acetil coA) e consequentemente a [3-

oxidacdo, estimulando o transportador de glicose 4 (GLUT-4) para a membrana da
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célula muscular. Os beneficios da adiponectina se ddo também por sua propriedade
antiaterogénica, através da inibicdo do fator de necrose tumoral alpha (TNFa)
modulando a resposta inflamatoria (Yamauchi et al., 2014; Vendrell et al., 2004).

2.5 Alteracoes no balanco energético em obesidade e comorbidades

2.5.1 Resisténcia a leptina e modulacdo neuroenddcrina

O balango energético positivo caracterizado como o consumo caldrico maior
que o gasto energético, atua como um fator que desregula vias de sinalizacdo centrais
e periféricas do processo de controle da fome e saciedade, aumentando a quantidade e
o tamanho de células adiposas, modificando a funcdo das adipocinas, e
potencializando processos nocivos a saude, iniciando a génese da obesidade (Sanches
et al., 2014; Damaso et al., 2009; Morton et al., 2006, Trayhurn; Wood, 2004).

A maioria dos casos de obesidade se associa a um quadro de resisténcia
central a acdo da leptina e da insulina. O aumento na deposi¢ao de tecido adiposo
estimula a liberagdo de resistina, adipocina que estd diretamente relacionada com
desenvolvimento de resisténcia a acdo da insulina (Trayhurn; Wood, 2004), ¢ pode
aumentar consideravelmente a liberagao de leptina.

Em pessoas com obesidade, independente da faixa etaria, a leptina apresenta-
se aumentada na propor¢ao do tecido adiposo, e desse modo, a presenca de
hiperleptinemia estd associada a sua provavel resisténcia, dificultando tanto a
regulacao do estado de fome, saciedade em nivel central, quanto o aumento periférico
do gasto energético e inflamagdo (Sanches et al., 2014b; Damaso et al., 2011; Roff;
Jappy, 2017). Assim, estudos sugerem que o periodo de exposicdo do cérebro,
especialmente o hipotalamo, a um nivel elevado de leptina pode resultar no
desenvolvimento de resisténcia central a leptina (Moehlecke et al., 2016; Roff; Jappy,
2017).

A resisténcia central da leptina pode ser explicada por alguns mecanismos
como os defeitos no transporte de leptina através da barreira hematoencefilica,
diminui¢do ou alteracdo da sinaliza¢do nas células neurais, aumento da expressao de
proteinas que bloqueiam a sinalizagdo da leptina, tais como o supressor de sinalizagdo

citocina (SOCS-3), através do feedback negativo (Triantafyllou et al., 2016).
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Nesse cenario, a resisténcia a a¢do da leptina faz com que o controle de
neuropeptideos orexigenos (AgRP e NPY) também ndo seja feito de forma eficiente,
prejudicando a sinalizagdo de vias anorexigenas (POMC, CART e a-MSH) que
controlam a saciedade, ¢ agem de forma antagonica a fome. A desregulagdo na
expressdo de neuropeptideos na obesidade é base para a compreensdo, tanto de
mecanismos relacionados ao balanco energético positivo quanto a plasticidade do
tecido adiposo, em resposta a alta ingestao calorica e baixos niveis de atividade fisica

(Figura 6).
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Resisténcia a
leptina

- a-MSH

Adipécitos

Obesidade

(+)

— Grelina
(+) I Apetite

GLP-1

_—

Trato

gastrointestinal

Figura 6. Mecanismos centrais e periféricos relacionados ao controle neuroendocrino do balango
energético na obesidade. O aumento da massa adiposa na obesidade gera o aumento da liberagdo de
leptina, que é proporcional a quantidade de gordura corporal. Juntamente com a liberagdo aumentada de
insulina os quadros de resisténcia a agdo da leptina e da insulina se instalam. A resisténcia a acdo da leptina
também pode ser gerada pela inflamagdo hipotalamica normalmente associada a génese da obesidade ao
alto consumo de gorduras saturadas. O ndo reconhecimento hipotaldmico da leptina faz com que vias
anorexigenas ndo sejam estimuladas via neurénios da CART e POMC, que consequentemente nio
estimulam o aumento de a-MSH. As vias orexigenas orquestradas pelo aumento da liberacdo estomacal de
grelina permanecer estimuladas via aumento da estimulagdo neuroenddcrina de NPY e AgRP, estimulando
o apetite e sensacdo de fome. CART: Peptideo relacionado a anfetamina e cocaina; POMC: Pro-
opiomelanocortina; a-MSH: Hormoénio estimulador de alpha melandcito; AgRP: Peptideo relacionado ao
gene agouti; NPY: Neuropeptideo Y; MCH: hormoénio concentrador de melanécitos; PYY: Peptideo YY;
GLP-1: Peptideo semelhante ao glucagon-1.

2.5.2 Obesidade, comorbidades, inflamacdo e impacto na modulacdo neuroendodcrina

Em sua defini¢do e fisiopatologia, a obesidade também ¢ caracterizada como

um processo inflamatdrio cronico em adipocitos, associado a modificagdo no padrdo
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de secrecdo de adipocinas e no hipotalamo, pelo aumento da expressdao de proteinas
de resposta inflamatdria (De Souza et al., 2005; Madeira et al., 2017).

O acumulo do tecido adiposo, especialmente o visceral, possui importante
papel na inflamagao e contribui¢do no desenvolvimento de comorbidades associadas
a obesidade e da Sindrome Metabdlica (SM). Esse acumulo pode acontecer de forma
hipertrofica ou hiperplasica, caracterizadas pelo aumento e tamanho das células
adiposas, respectivamente. O aumento da massa adiposa na infincia e inicio
adolescéncia possui caracteristica predominantemente hiperplésica, menos nociva a
funcdo adipocitaria, porém sugere-se que na adolescéncia mediana e tardia a
hipertrofia dos adipocitos aconteca em maior escala, sendo a caracteristica mais
importante dessas células quando ocorre o aumento de peso corporal acentuado
(Parlee et al., 2014; Kl6ting, Bliither, 2014).

A hipertrofia dos adipocitos acarreta uma infiltracdo e ativagdo de
macrofagos no tecido adiposo, por isso ¢ considerada um processo chave na produgao
de marcadores inflamatorios uma vez que € desencadeada pela hipoxia local, estresse
intracelular, autofagia e apoptose do tecido (Speretta, Leite, Duarte, 2014; Bullo et
al., 2007). A ingestao calorica excessiva pode afetar além dos adipodcitos diversos
tipos de células como os miocitos, células edoteliais, hepatocitos, mondcitos e
macrofagos que atuam de forma geral na disfungdao metabodlica (Madeira et al., 2017;
Parlee et al., 2014; Vendrell et al., 2004).

Esse processo acarreta a secrecao alterada de adipocinas, o que pode levar ao
aumento na ingestao alimentar e a reducao do gasto energético através de agdes no
hipotalamo, como ¢ o caso da resisténcia a a¢dao da leptina, liberada em quantidade
proporcional ao aumento do tecido adiposo. Reflexos dessas alteragdes sdo vistos nos
niveis de TNFa, interleucina 6 (IL-6) e resistina classificadas como citocinas pro-
inflamatorias; adiponectina, de acdo anti-inflamatoria; angiotensina, peptideo que
influencia o controle da PA; e 4cidos graxos livres, que apresentam secrecao alterada
e potencializam processos inflamatérios (Trayhurn, Wood, 2004; Vendrell et al.,
2004).

O aumento de TNFa tem sido associado a infiltragdo de macréfagos M1 no
tecido adiposo, € ndo somente ao aumento da quantidade de adipdcitos. O aumento
dessa citocina impacta diretamente a diminui¢do da expressdo de GLUT-4 a
superficie celular, a fosforilacdo do substrato 1 dos receptores de insulina (IRS-1) e

fosforilacdo especifica do receptor da insulina. Assim, o TNFa parece ter papel
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importante na fisiopatologia da resisténcia a insulina e consequentemente do Diabetes
Mellitus tipo II (DM2) (Speretta, Leite, Duarte, 2014; Arslan, Erdur, Aydin, 2010)
(Figura 7).

O importante destaque a geragdo de comorbidade advindas da obesidade se da
principalmente a instalacdo da SM, caracterizada como uma constelacdo de
anormalidades fisioldgicas, bioquimicas, clinicas e metabodlicas, geradas por
obesidade abdominal, niveis séricos de triglicerideos elevados, baixa concentragdo de
lipoproteina de baixa densidade (HDL-c), pressdo arterial elevada e resisténcia a
insulina (Kaur, 2014; Johnson et al., 2013). Desse modo, a instalagio do quadro
inflamatério cronico surge como um potencial desencadeador de SM possivelmente
explicada pela relacdo bidirecional existente entre inflamagdo cronica de baixa

intensidade e resisténcia insulinica (RI) (Kaurk, 2014; Damaso et al., 2009).

Tecido adiposo magro ~ i-£-,~
r T e — > l Balango energético positivo

- Macrofagos

Hipotalamo

Tecido adiposo | }. :) Sinalizagdo autécrina e paracrina
obeso | .

B T = Infiltragdo de macrogafos - inflamagéo
/;! P
1 ~
M Alteragdo na liberagdo de adipocinas
/ ¥ u

*‘;dlmﬂlm 4 aat 4 I;BN
P leptina P veata ) t0
4 Resistina $us

e * Gasto Energético
* Ingestdo alimentar

T Produg3o de glicose hepitica

-

w”

& Captagio de Glicose FIGADO

MUSCULO ?Gllcogenéllu
‘ Oxidagio de AGL / TGheoneouneu
Inflamagdo Inflamagdo
e épico de lipid Acémul épico de lipid TGIIcemln
Resisténcia a insulina Resisténcia 3 insulina

1

RESISTENCIA INSULINICA SISTEMICA

Figura 7. Inflamac8o adipocitaria e resisténcia insulinica sistémica. Hipertrofia do tecido adiposo induz a
infiltracdo e proliferacdo de macrofagos e alteracdo na secre¢@o de adipocinas levando a inflamagdo cronica
de baixa intensidade. Este quadro, associado ao aumento de acidos graxos livres circulantes, provoca
aumento de ingestdo alimentar, diminui¢do do gasto energético, além da alteracdo na homeostase de tecidos
periféricos, como musculo e figado, promovendo acumulo ectdpico de gordura, inflamacao e resisténcia a
insulina — Adaptada de Galic, Oakhill e Steinberg (2010).
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Posteriormente a descoberta da inflamagdo adipocitaria de baixo grau, de acdo
periférica, a inflamagdo central que atinge o hipotdlamo foi relatada, sugerindo-se a
inflamagao hipotaldmica como possivel influenciador local da resisténcia a leptina e a
insulina. De Souza e colaboradores (2005) descreveram pela primeira vez um
fenomeno inflamatdério no hipotdlamo semelhante ao adipocitario, e reportaram um
padrdo aumentado da expressdo de proteinas de resposta inflamatoria, dentre elas
TNFa e IL-6, acompanhado da ativacdo de proteinas quinases sensiveis a inflamagao,
como a quinase c-Jun N-terminal (JNK) e a quinase do inibidor do NF-kB (IKK),
apds 16 semanas de dieta hiperlipidica em ratos. Estudos sequenciais apontaram que
outros mecanismos poderiam estar envolvidos no processo de RI e da leptina, dentre
eles, a indugdo de proteinas como a proteina SOCS-3 e a proteina tirosina fosfatase
1B (PTP1B), que funcionam como inibidores fisiologicos da sinalizagdo por esses
hormonios (Reed et al., 2010; Picardi et al., 2008; Bence et al., 2006).

A importancia dos estudos da inflamacao hipotalamica tem sido descrita ndo
s6 como derivada dos processos da obesidade ja instalada, mas sim como fator
importante na génese da obesidade. Estudos apontam que o consumo de dietas
hiperlipidicas pode ser responsavel pelos potenciais mecanismos envolvidos no
desencadeamento do processo inflamatorio no hipotdlamo. Assim, foi descrito que a
conexao entre os acidos graxos e a inflamacao hipotalamica pode estar relacionada a
ativacdo do Toll-like receptor 4 (TLR4) e o estresse de reticulo endoplasmatico
(ERS) (Dragano et al., 2017; Hotamisligil, 2010; Milanski et al., 2009).

A delegao dos receptores TLR4 ¢ capaz de proteger contra o desenvolvimento
de resisténcia a insulina e a leptina e, de obesidade induzida por dieta. Ja a ativagao
dos TLR4 parece estar diretamente ligada a inflamagao local por reconhecerem os
lipopolissacarideos (LPS) (Hotamisligil, 2010; Milanski et al., 2009). Os LPS sdo
conhecidos como moléculas altamente toxicas derivadas da membrana celular externa
de bactérias gram-negativas e considerados os principais fatores responsaveis pelas
manifestagdes toxicas de infecgdes por bactérias gram-negativas bem como por
inflamacao sistémica (Cruz-Machado, 2010).

Ja o ERS quebra a sua homeostase em células centrais, que para lidarem com
essa condi¢do, ativam um sistema de sinalizagdo complexo conhecido como resposta
proteica desdobrada (UPR), gerando indugdo da expressdo de citocinas e proteinas
envolvidas na vigilancia imune. Assim, o ERS est4 diretamente ligado a resposta da

resisténcia a acdo central da leptina (Dragano et al., 2017; Hotamisligil, 2010;
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Lehnardt et al., 2003). Milasnki e colaboradores (2009) demostraram que acidos
graxos saturados ativam a sinaliza¢do de TLR4 e que o ERS parece ser gerado como
consequéncia do processo, apontando o TLR4 como importante mediador da
disfuncdo hipotalamica associada ao consumo de dieta rica em acidos graxos

saturados, durante a instalacdo da obesidade (Figura 8).
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Figura 8. Inflamacdo hipotaldmica na obesidade. A regularidade da dieta hiperlipidica tem sido
apontada como um dos principais fatores responsaveis por aumentar centralmente a expressdo de
TLR4, que acarreta o reconhecimento dos LPS e, aumento do ERS que quebra a homeostase das
células centrais e ativa o sistema UPR. Esses eventos desencadeiam a resposta inflamatoria local
observada pelo aumento na expressdo local de TNFa, IL-6, INK e IKK. Mecanismos apontados como
indutores da resisténcia a acdo da leptina e insulina sdo relatados via inducdo de proteinas como a
SOCS-3 e a PTP1B, que funcionam como inibidores fisiologicos da sinaliza¢do por esses hormonios.
TLR4: Toll-like receptor 4; LPS: Lipopolissacarideos; TNFa: Fator de necrose tumoral; IL-6:
Interleucina 6; JNK: Quinase c-Jun N-teminal; IKK: Quinase do inibidor do NF-kB; ERS: Estresse de
reticulo endoplasmatico; SOCS-3: Proteina supressora da sinalizac@o de citocinas 3; PTP1B: Proteina
tirosina fosfatase 1B.

Em humanos, a andlise do liquido cefalorraquidiano (LCR) e as técnicas como
a ressonancia magnética funcional (RMf) e a tomografia por emissdo de pdsitrons
(PET) sao utilizadas para verificar alteragdes dinamicas no funcionamento de tecidos
cerebrais. As evidéncias obtidas no liquido cefalorraquidiano de individuos com
obesidade sugerem que alteragdes semelhantes podem estar presentes também em

seres humanos (Thaler et al., 2012; van de Sande-Lee et al., 2011). No entanto,

estudos relacionados a génese da obesidade e inflamagdo hipotaldmica geralmente
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sdo desenvolvidos em animais por controlarem a indugdo a obesidade por dietas
hiperlipidicas, o que seria invidvel em humanos.

Além do quadro inflamatorio central e periférico, desencadeador da RI com
posterior impacto no desenvolvimento do DM2 e o fator chave no desenvolvimento
de doengas cardiovasculares, o acumulo de gordura, principalmente visceral aumenta
a quantidade de acidos graxos livres (AGLs) no sangue. Isso ocorre pelo fato dos
adipdcitos se localizarem em areas de alta atividade lipolitica, aumentando a
quantidade desse nutriente na circulacao portal e hepatica com consequente elevagao
da producao hepatica de glicose e de triglicérides séricos. Assim, a capacidade de
sintese de lipoproteinas no figado ¢ excedida desencadeando aciimulo de gordura nos
hepatdcitos, caracterizado como esteatose hepatica nao alcoodlica (EHNA) (Damaso et
al., 2009).

Estudos prévios do nosso grupo mostraram que a EHNA aumenta o risco de
desenvolvimento de fatores de risco cardiovasculares, fatores pro-inflamatorios, pode
influenciar o contetdo mineral 6sseo e o processo de RI, sendo considerada um
importante componente da SM (Sanches et al., 2014; Campos et al., 2012). Neste
contexto, estas e outras muitas comorbidades podem se associar a obesidade
tornando-a extremamente complexa e alimentando um ciclo vicioso que age em prol

do agravamento do quadro em geral e diminuindo respostas aos tratamentos.

2.6 Plasticidade do tecido adiposo e termogénese

Em mamiferos, os adipdcitos podem ser classificados em: adipdcitos brancos
(tecido adiposo branco - TAB), adipocitos marrons (tecido adiposo marrom - TAM),
que possuem fungdes opostas no metabolismo (Giralt, Villarroya, 2013) e adipocitos
pink, encontrados na glandula mamaria durante a gravidez e lactagdo, necessarios
para a producdo e secre¢do de leite (Giordano et al., 2014). O TAB tem a capacidade
de armazenar energia sob a forma de triacilglicerol e liberar energia sob a forma de
AGLs e glicerol, além de secretar multiplos peptideos bioativos, que ndo influenciam
apenas a funcdo adipocitaria autdcrina e paracrina, mas varias vias metabodlicas por
meio da circulacdo sanguinea (Giralt, Villarroya, 2013; Trayhurn, Wood, 2004).

Desde 1970, o TAM tem sido cada vez mais reconhecido pela capacidade de
dissipar energia na forma de calor por oxidagdo de glicose e lipidios e, como o

principal sitio de termogénese sem tremores em mamiferos. Os processos
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termogénicos induzidos em TAM sdo regulados principalmente pelo sistema nervoso
simpatico (SNS) para adequar a temperatura do corpo de mamiferos quando sdo
expostas a temperaturas abaixo da neutralidade, e ocorrem através da proteina
desacopladora 1 (UCP-1) presente nas mitocondrias e especifica deste adipdceito, que
desacopla a cadeia respiratéria (Nuutila, 2013; Lo, Sun, 2013).

Por muito tempo acreditava-se que o TAM em humanos estava presente
somente em recém-nascidos para controle da temperatura corporal, mas atualmente
nao ha davida de que este tecido existe e tem influéncia termogénica em adultos
humanos. Sabe-se que suas potenciais aplicacdes clinicas englobam além da
termogénese pelo frio a estimulagdo da taxa metabodlica basal, aumento de captacdo
de glicose e lipidios sanguineos retardando o desenvolvimento de RI, melhora do
metabolismo do colesterol e associa-se positivamente a densidade mineral 6ssea (Lee
et al, 2014).

Recentemente outro tipo de células adiposas tem sido encontrado no TAB de
ratos € humanos, a célula bege. Estas células parecem ser o resultado da
transdiferenciagdo de adipdcitos brancos em marrom, caracterizando um processo de
escurecimento das células de gordura chamado de browning. O processo de
transdiferenciagdo ocorre quando uma célula adulta de um tecido se torna outra célula
adulta de outro tecido. As células bege sdo resultado desse processo ocorrente entre
c€lulas adultas do tecido adiposo e parecem compartilhar caracteristicas de adipocitos
brancos e marrons, possuindo altos numeros mitocondrias e expressando UCP-1
(Sanchez-Delgado et al., 2015; Jumabay, Bostrom, 2015; Lo, Sun, 2013; Jeremic,
Chaturvedi & Tyagi, 2017).

O desenvolvimento destas células acontece quando a termogénese no TAB ¢
aumentada de forma acentuada em resposta a exposi¢cdes cronicas ao frio ou
estimulag¢do B-adrenérgica prolongada, como no exercicio fisico. Assim, diferentes
formas de ativagdo do SNS semelhantes ao frio, como alimentagdo e exercicio fisico
surgem como estratégias moduladoras da transdiferenciacdo adipocitaria (Giralt,
Villarroya, 2013; Fisher et al., 2012). Nos adipdcitos marrons maduros, a ativagao do
SNS acarreta liberacdo de noradrenalina ligantes a receptores [-adrenérgicos
acoplados a proteina G que ativam a adenilato ciclase, contribuindo para ativacdo de
monofosfato ciclico de adenosina (AMPc), proteina quinase A e proteinas cinases

ativadas por mitogénio P38 (p38MAPK). Posto isso, enzimas lipoliticas sdo ativadas
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aumentando a quantidade de AGLs e estimulando a UCP-1 (Sanchez-Delgado et al.,
2015).

Descobertas recentes t€ém mostrado que novos ativadores do fenomeno
browning atuam de forma independente a estimulagdo do SNS, tais como peptideos
cardiacos natriuréticos, irisina, IL-6, acido f-aminoisobutirico (BAIBA), e fator de
crescimento de fibroblastos 21 (FGF-21) (Sanchez-Delgado et al., 2015).

Os peptideos natriuréticos (PN) (peptideo natriurético atrial — ANP; peptideo
natriurético ventricular tipo B — BNP; e peptideo natriurético tipo C), sdo hormodnios
produzidos pelo coragdo e suas acdes tradicionalmente conhecidas sdo natriurese,
diurese e vasodilatacdo, que juntos servem para neutralizar o estresse da parede
cardiaca excessivo (Engeli et al., 2012; Bordicchia et al., 2012; Song, Wang, Wu,
2015). Embora classicamente considerados como hormonios cardiovasculares, ha
duas décadas receptores PN foram encontrados em tecido adiposo ratos e humanos
(Sarzani et al., 1996). Posteriormente, o ANP foi relacionado ao aumento da atividade
lipolitica em adipocitos de adultos e como indutor do browning (Song, Wang, Wu,
2015). Somado a isso, estudos mostraram relacdo inversa entre os niveis de PN
circulantes ¢ o IMC, aumento da PA e uma relagdo diretamente proporcional ao
aumento da oxidacdo da gordura e perda de peso (Bordicchia et al., 2012;
Santhekadur et al., 2017).

Por outro lado, outros ativadores agem via produgdo de peroxisome
proliferator-activated receptor-gamma coactivator 1 alpha (PGCla) que esta
aumentado em situacdes como exercicio fisico, por responderem a biossintese
mitocondrial auxiliando no fornecimento de metabolismo da energia (Figura 9)

(Lee et al., 2014; Sanchez-Delgado et al., 2015).
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Figura 9. Potenciais mecanismos em resposta ao exercicio fisico no processo de browning - Adaptado
de Sanchez-Delgado e colaboradores (2015).

Recentemente como destaque em pesquisas cientificas, o FGF-21 esta entre os
ativadores que pode estimular a termogénese no TAB e no TAM, dando origem as
células bege através da ativagdo da UCPI1, e consequentemente da biogénese
mitocondrial. E secretado predominantemente pelo figado, sendo que o tecido
adiposo, musculo esquelético, pancreas, rins e coragdo expressam FGF-21 em menor
quantidade. Condig¢des que induzem estresse fisico humanos como exercicio fisico,
lactagdo, obesidade, resisténcia a insulina e ao diabetes tipo II influenciam os niveis
séricos ¢ a acdo do FGF-21 (Cuevas-Ramos, Aguilar-Salinas, 2016; Kim, Lee, 2015;
Fisher et al., 2012).

O FGF-21 possui diversas agdes terapéuticas além de estimulador da
termogénese. Foi descrito primeiramente como captador de glicose, indutor de
gliconeogénese hepatica e de oxidagdo de gorduras e, com acdes de melhora na
sensibilidade a insulina. No hipotdlamo o FGF-21 age estimulando a liberagdo de
corticosterona, que induz a producdo de adiponectina pelas células adiposas, atuando
na profilaxia de doengas cardiovasculares (Kharitonenkov, et al., 2005; Huang et al.,
2017). Individuos em condic¢des de obesidade e suas comorbidades apresentam niveis
sanguineos elevados de FGF-21, mas parecem desenvolver resisténcia a acdo desse

hormonio, prejudicando sua ag¢do benéfica (Cuevas-Ramos, Aguilar-Salinas, 2016).
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Em contrapartida, o exercicio fisico tem sido visto como uma das principais terapias
para aumento e recuperagdo da sensibilidade ao FGF-21 (Sanchez-Delgado et al.,
2015; Cuevas-Ramos, Aguilar-Salinas, 2016).

A modulagdo dietética também parece influenciar a plasticidade dos
adipocitos com hipdteses baseadas em processos de estimulagdo do SNS, como dietas
de jejum prolongado e dietas proteicas que aumentam a libera¢do de catecolaminas.
Esta linha de pensamento pode ser defendida por estudos experimentais que
mostraram ndo haver controle da temperatura corporal em exposi¢cdo ao frio quando
animais eram nocaute para genes que estimulavam de SNS e produgdo de
catecolaminas (Landsberg et al., 2006). Apesar de ainda existirem poucas evidéncias
que abordam as possiveis terapias para aumento de vias de estimulacdo da
transdiferenciag¢do adipocitaria, a existéncia de TAM e adipocitos bege em humanos
podem apresentar vias possiveis para resolver os problemas crescentes de desordens
metabolicas e de obesidade (Kim, Lee., 2015; Lee et al., 2014; Lo, Sun, 2013).

Recentemente, Pryzak e colaboradores (2015) mostraram em uma revisao de
literatura que os achados relacionando o TAM e browning em adolescentes ainda sao
escassos € de cardter transversal. Alguns estudos mostraram relacdo direta entre
quantidade de TAM e massa muscular nessa populagdo, e que os altos niveis de FGF-
21 em adolescentes com obesidade se correlacionam positivamente com o teor de
gordura hepatica e gordura visceral. Assim, o estudo mostrou haver a necessidade de
maior investigacao tanto em nivel diagnostico quanto em intervengdes voltadas a
verificacdo do comportamento de marcadores termogénese e seus efeitos terapéuticos

em diversas situagdes, dentre elas o tratamento da obesidade.

2.7 Estudos interdisciplinares envolvendo marcadores do balanco energético e

aspectos inflamatorios em adolescentes com obesidade

Estudos realizados em diferentes partes do mundo, t€ém demonstrado, que
através da andlise da multifatoriedade da obesidade e da diversidade de comorbidades
associadas, o tratamento interdisciplinar com olhares em diversos ambitos da doenca
tem se mostrado eficaz para o tratamento e manutengdo a longo prazo dos resultados
alcancados (Damaso et al., 2014; Bischoff et al., 2012; Maclean et al., 2011; Damaso
et al., 2009). Para adolescentes com obesidade, Damaso e colaboradores (2013)

observaram que apds ano de terapia clinica interdisciplinar (Figura 10) os voluntérios
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apresentaram controle de inimeros fatores clinicos relacionados tanto ao balango
energético quanto a processos inflamatdrios associados, reduzindo a prevaléncia de

SM, EHNA, asma e risco de doengas cardiovasculares.
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Figura 10. Modelo de intervengdo interdisciplinar - Adaptado de Damaso e colaboradores (2013).

Poucos estudos investigaram a variagdo fatores relacionados a modulagao do
balanco energético associado a terapias interdisciplinares para perda de peso em
adolescentes com obesidade. Recentemente, Schwartz e colaboradores (2017)
mostraram em uma revisdo sistematica da literatura que intervengdes clinicas
interdisciplinares podem modular a ingestdo alimentar, destacando a realizagdo
sistematica de exercicios fisicos como papel importante no processo de modulagao de
diferentes marcadores do balango energético.

A revisao sistematica apontou ainda que os principais protocolos escolhidos
por estudos interdisciplinares sdo o treinamento concorrente (baseado nas diretrizes
do American College of Sports Medicine (ACMS): 30 minutos de treinamento
aerobio mais 30 minutos de treinamento resistido por sessao), sessoes de caminhada
ou corrida, sessdes de ciclismo indoor, e exercicios combinados com aulas de
academias. Classicamente, os exercicios fisicos sdo apontados como fatores
importantes para aumentar o gasto energético, porém efeitos inibitorios do
comportamento alimentar e da fome, além de alteragdes favoraveis em hormonios
intestinais influenciadores do balango energético, vem sendo observados em

protocolos envolvendo exercicios fisicos.
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Prado e colaboradores (2015) demostraram que 12 semanas de exercicios
aerobios realizados na intensidade do limiar ventilatorio 1 (LV1), considerado de alta
intensidade, juntamente com suporte nutricional e psicoldégico, aumentam os niveis de
PYY e podem levar a diminuicdo da ingestdo de alimentos em adolescentes com
obesidade. No entanto, as alteragdes encontradas nos niveis séricos de PYY foram
exclusivas do treinamento do LV, enquanto as concentracdes séricas de leptina,
grelina e insulina responderam as intensidades moderadas e altas de treinamento.
Complementando os dados, previamente Thivel e colaboradores (2012) demostraram
que uma Unica sessdo de exercicio fisico a 75% consumo méaximo de oxigénio foi
capaz de promover redu¢do da ingestdo alimentar durante 24 horas para adolescentes
com obesidade, o que reforga a hipdtese de os exercicios fisicos contribuirem além do
gasto energético para o emagrecimento.

Diante da dificuldade de se estudar as variagdes e respostas locais
hipotalamicas em humanos, alguns estudos buscaram verificar as concentragoes
séricas de hormonios anorexigenos (a-MSH) e orexigenos (NPY e AgRP) de acdes
centrais que envolvem o apetite. Carnier e colaboradores (2013) demonstraram que
diferentes tipos de exercicios fisicos podem ser responsaveis por modular de forma
diferenciada o balanco energético apos 1 ano de terapia interdisciplinar. Independente
da ingestdo alimentar, o exercicio aerobio foi capaz de aumentar de forma
significativa os niveis de a-MSH, possivelmente estimulando vias anorexigenas do
controle do balango energético. Oyama e colaboradores (2010) apontaram que a
magnitude da perda de peso ¢ um fator que pode ser determinante nas respostas
séricas neuroenddcrinas, demostrando que em adolescentes com obesidade a perda de
peso >14 kg foi capaz de aumentar os niveis sé€ricos de a-MSH, diminuir NPY e
modular a ingestdo alimentar comparados a baixa diminui¢do do peso (<2,5 kg)
também em exercicios aerdbios.

Além dos exercicios fisicos, tem sido demonstrado que a ingestdo de
nutrientes especificos pode influenciar alguns fatores relacionais ao balango
energético. O perfil lipidico da dieta consumida, principalmente &cidos graxos
saturados tém sido relacionados a alteracdes na inflamagdo hipotaldmica e a
diminuicdo de fatores anorexigenos, como expressdo de neurdnios da CART, em
pesquisas com roedores (Milanski et al., 2009; Tian et al., 2004).

Em humanos, estudos envolvendo o consumo de gorduras saturadas sdo

predominantemente voltados a avalia¢do do perfil inflamatorio. Em adolescentes com
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obesidade, Masquio e colaboradores (2014) avaliaram a ingestdo de diferentes
quantidades de gordura saturada e classificaram tercis do consumo em alta, moderada
e baixa reducdo poés terapia para perda de peso. Os niveis moderados e altos de
reducdo do consumo de gorduras saturadas foram relacionados com diminuicdo nas
concentragdes de insulina, da razdo pré inflamatéria leptina/adiponectina, da
espessura intima média da carotida (EIMc) e com o aumento nas concentragdes
adiponectina e na razdo adiponectina/leptina, biomarcador anti-inflamatério
relacionado com reducdo do risco cardiovascular em adolescentes com obesidade.
Além disso, a relagdo adiponectina/leptina foi considerada preditora da EIMc.

Abordando a mesma metodologia clinica interdisciplinar, alguns estudos
apontaram resultados promissores ainda mais abrangentes para o combate da
inflamacdo cronica de baixo grau (Sanches et al., 2014a; Sanches et al., 2014b;
Campos et al., 2013; Masquio et al., 2013; Corgosinho et al., 2012). Sanches e
colaboradores (2014a) mostraram que a relagdo existente entre a EHNA e o aumento
de fatores de risco para doengas cardiovasculares e de fatores pro-inflamatorios pode
ser melhorada com a terapia, por reduzir a EIMc e pela diminui¢do na expressao de
citocinas pro-inflamatérias. Em posterior estudo, Sanches e colaboradores (2014b)
mostraram que o estado de hiperleptinemia pode prejudicar a atenuacdo da
inflamac¢ao em adolescentes com obesidade submetidos a terapia interdisciplinar,
impedindo o aumento da concentracdo de adiponectina, o que estd diretamente
envolvido na protecao vascular.

Quando analisadas as respostas a terapia interdisciplinar de longo prazo com e
sem comorbidades associadas foi observado que adolescentes com obesidade que
apresentavam SM responderam com menos eficiéncia ao tratamento em relagdo aos
perfis lipidicos e razdo leptina/adiponectina (Masquio et al., 2015; Corgosinho et al.,
2012). De Piano e colaboradores (2010) avaliaram a resposta de neuropeptideos
séricos orexigenos, NPY e AgRP, em adolescentes com obesidade com e sem EHNA.
Apesar do consumo total de energia e percentual de ingestdo de macronutrientes
reduzirem nos dois grupos pos intervencao de 1 ano, foram encontradas correlagdes
positivas entre os niveis séricos de AgRP e gordura visceral para os dois grupos e
correlagdo negativa entre NPY/AgRP e adiponectinemia apenas em adolescentes com
EHNA. Os autores sugerem que a presenca EHNA gera um perfil inflamatério que
pode influenciar a regulagdo neuroenddcrina do balango energético, apontando um

comprometimento adicional a ser considerado na terapia para perda de peso.
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Campos e colaboradores (2013) analisaram o impacto do tratamento
interdisciplinar sobre a densidade mineral 6ssea e mostraram que a gordura visceral,
os niveis de grelina e razdo leptina/adiponectina aumentados atuam como preditores
negativos a saude Ossea. Para a mesma populacdo, Carnier e colaboradores (2010)
avaliaram o comportamento de neuropeptideos séricos na presenca de transtornos
alimentares. Apds a terapia de longo prazo para perda de peso, além da reducgdo da
massa corporal e melhora dos sintomas dos transtornos alimentares foram
encontradas diminui¢do nas concentragdes dos fatores séricos orexigenos, sugerindo
que esses resultados representam um perfil positivo adquirido pos terapia pelo qual os
pacientes podem normalizar comportamentos relacionados a distirbios alimentares,
bem como as agdes dos hormodnios envolvidos no equilibrio energético, e assim,
promover o controle da obesidade.

Desse modo, ¢ notério que o balango energético ¢ um somatério de aspectos
fisiologicos e comportamentais (Ex.: Ingestdo alimentar, tipo e nivel de atividade
fisica, presenga de comorbidades, entre outros), que juntos podem explicar quais sao
os determinantes do sucesso durante e pos terapia para perda de peso. Apesar do
crescente aumento da prevaléncia de obesidade em populacdes pediatricas, ¢ comum
que a apresentacao dos desfechos dos estudos gire em torno da composi¢ao corporal,
fatores de risco cardiovasculares ou aptiddo fisica, tornando escassos estudos que
verifiquem os impactos dos tratamentos em varidveis que envolvem a ingestdo e
gasto energético para esse publico. Nessa perspectiva, destaca-se a importancia de
novos estudos buscando melhor entender os mecanismos relacionados aos fatores
orexigenos € anorexigenos que impactem no consumo e gasto energético e

inflamagao, visando o controle da obesidade na infincia ¢ na adolescéncia.
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3. JUSTIFICATIVA

A regulacdo do balango energético engloba o entendimento de vias orexigenas
e anorexigenas que sao moduladas predominantemente por neuropeptideos e aspectos
inflamatorios, ambos sinalizados perifericamente e de forma central. O anteriormente
descrito, reforca a importancia de mais estudos que buscam investigar provaveis
mecanismos na regula¢do do balango energético em adolescentes com obesidade, o
que poderia contribuir para o desenvolvimento de estratégias clinicas mais efetivas
para o combate desta doenca e de suas comorbidades.

O presente trabalho contribui para o progresso da literatura cientifica visto
que engloba estudos da obesidade em diversas ramificacoes da sua etiologia. Os
protocolos para emagrecimento a longo prazo com humanos apresentam diversas
limitagdes, € sdo escassos na literatura, principalmente por diferentes faixas etarias
apresentarem caracteristicas fisioldgicas e comportamentais diferenciadas, ndo sendo
possivel na maioria dos casos, a extrapolagdo de dados para a comparacdo entre
criancas, adolescentes, adultos, 1idosos, gestantes, entre outros. Com o
desenvolvimento do protocolo proposto, algumas lacunas cientificas em relagdo aos
diversos fatores envolvidos no controle do balanco energético de adolescentes com
obesidade podem ser mais bem entendidas.

Além do comportamento fisiologico de vias orexigenas e anorexigenas nao
estarem bem estabelecidos quanto a sinergia dos respectivos neuropeptideos,
dependéncia da sinalizacao da leptina, influéncia dos aspectos inflamatorios e relagao
com a termogénese, outras situacdes podem ser influenciadoras das respostas ao
tratamento, como a relagdo dos niveis basais dos neuropeptideos com a modulacao
final do balango energético pos diminuicdo da massa corporal e o percentual de
redu¢do de peso corporal nos tratamentos da obesidade. Além disso, o melhor
entendimento dos aspectos fisioldgicos pode ser contrastado com varidveis aplicaveis
na pratica clinica como ingestdo alimentar e nivel de atividade fisica, visando

contribuir para mais um contexto da etiologia da obesidade.
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4. OBJETIVOS

4.1 OBJETIVO GERAL

Avaliar o papel dos neuropeptideos anorexigenos e orexigenos e adipocinas
na regulagdo do balango energético em adolescentes com obesidade submetidos a

terapia interdisciplinar para o emagrecimento em longo prazo.

4.2 OBJETIVOS ESPECIFICOS

e Artigo 1: Avaliar o papel do neuropeptideo a-MSH na adiposidade corporal e
respostas de neuropeptideos orexigenos/anorexigenos em adolescentes com

obesidade submetidos a terapia interdisciplinar de longo prazo.

e Artigo 2: Investigar a influéncia das varidveis do balango energético na
redugdo de gordura corporal e o impacto da magnitude da perda de peso no
comportamento de vias orexigenas e anorexigenas em adolescentes com

obesidade submetidos a terapia interdisciplinar de longo prazo.

e Artigo 3: Verificar a associagdo entre o Indice Inflamatério da Dieta e a
modulagdo dos fatores anorexigenos e orexigenos do balango energético em
adolescentes com obesidade submetidos a terapia interdisciplinar de longo

prazo.
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5. MATERIAIS E METODOS

5.1 Populacio de estudo

A populagdo foi composta de adolescentes com obesidade, do sexo feminino e
masculino, pdés-puberes, classificados de acordo com o IMC por género ¢ idade para
obesidade.

Critérios de inclusdo - Voluntarios com faixa etaria de 14 a 19 anos, para
caracterizacao da amostra como sendo de adolescentes, IMC acima do percentil 97 da
curva proposta pela OMS (de Onis et al., 2007) e classificacdo 5 do estagiamento
puberal (Tanner e Whitehouse, 1976).

Critérios de ndo inclusdo - Cardiopatias, deformidades musculoesqueléticas,
doencas relacionadas ao sistema imune, doenca genética, metabolica ou enddcrina.
Presenga de consumo cronico de alcool e tabaco, além daqueles que estejam fazendo
uso de medicacao e/ou suplementos alimentares que alterem o metabolismo nos seis
meses antecedentes ao inicio do estudo.

Para o célculo amostral foi utilizado o programa de analises G*Power 3.0.10
sendo adotado o teste t (diferencas entre duas médias dependentes). Consideramos
um nivel de significancia de 5%, um poder de teste de 80% e o tamanho do efeito de
0.25. Tamanho amostral obtido de 101 voluntérios. Considerando uma perda amostral
de aproximadamente 20% a amostra sera constituida por 121 voluntarios.

Importante destacarmos que na presente tese, os resultados encontrados serao
apresentados e discutidos na forma de trés artigos cientificos. Para isso, foram
realizadas analises estatisticas distintas com amostras selecionadas de acordo com os
objetivos propostos em cada investigagdo de estudo. Sendo assim, abaixo segue a

descri¢do de cada amostra investigada por artigo confeccionado:

5.1.1 Populacdo do Artigo 1

A populacdo do artigo 1 foi composta por 110 adolescentes de ambos os
géneros, com idades entre 14 e 19 anos, IMC acima do percentil 97 da curva proposta

pela OMS (de Onis et al., 2007) e classificacdo 5 do estagiamento puberal (Tanner e
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Whitehouse, 1976). Os adolescentes foram analisados em grupos de acordo com o
tercil dos niveis séricos iniciais de a-MSH:
e Tercil 1 — Grupo com baixos niveis séricos iniciais de a-MSH (< 0,75 ng/ml):
37 adolescentes.
e Tercil 2 — Grupo com médios niveis séricos de a-MSH (>0,75 to <1,57
ng/ml): 40 adolescentes.
e Tercil 3 — Grupo com altos niveis séricos de a-MSH (> 1,57 ng/ml): 36

adolescentes.

5.1.2 Populacdo do Artigo 2

A populagdo do artigo 2 foi composta por 108 adolescentes de ambos os
géneros, com idades entre 14 e 19 anos, IMC acima do percentil 97 da curva proposta
pela OMS (de Onis et al., 2007) e classificacdo 5 do estagiamento puberal (Tanner e
Whitehouse, 1976). Os adolescentes foram analisados em grupos de acordo com o
percentual de perda de peso ao final do tratamento:

e Grupo baixa perda de peso: 68 adolescentes com perda de peso <10%
referente ao peso inicial do tratamento.
e Grupo alta perda de peso: 40 adolescentes com perda de peso >10%

referente ao peso inicial do tratamento.

5.1.3 Populacdo do Artigo 3

A populacao do artigo 3 foi composta por 50 adolescentes de ambos os
géneros, com idades entre 14 e 19 anos, IMC acima do percentil 97 da curva proposta
pela OMS (de Onis et al., 2007) e classificacdo 5 do estagiamento puberal (Tanner e
Whitehouse, 1976). Os adolescentes foram analisados em grupos de acordo com o
aumento e diminui¢do do Indice Inflamatério da Dieta pos terapia interdisciplinar:

e Aumento do Indice Inflamatério da Dieta: 20 adolescentes.

e Diminuiciio do indice Inflamatério da Dieta: 30 adolescentes.
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5.2 Desenho experimental

A divulgagdo do estudo foi realizada pela assessoria de imprensa da
Universidade Federal de Sao Paulo (UNIFESP). Apos contato inicial telefonico, os
voluntarios foram selecionados para entrevista inicial/anamnese presencial para
coleta de informagdes clinicas com intuito de detectar os critérios de inclusdo, e
aspectos psicologicos, nutricionais e de estilo de vida. Apds a primeira etapa de
selecdo, os voluntarios foram encaminhados para avaliagdo cardiologica e realizagao
do exame de eletrocardiograma de repouso e exercicio a fim de serem liberados para
a pratica de exercicios fisicos.

O estudo foi conduzido no Centro de Estudos em Psicobiologia e Exercicio
(CEPE) pela equipe interdisciplinar do Grupo de Estudos da Obesidade (GEO) da
UNIFESP, de acordo com os preceitos descritos na declaracdo de Helsinki da
Associacao Médica Mundial, e respeitou todos os principios descritos nas Diretrizes
Eticas Internacionais para a Pesquisa Envolvendo Seres Humanos. Inicialmente, o
projeto foi submetido ao comité de ética para aprovacao (#0135/04) (ANEXO 1) e
registrado no Clinical Trials (NCT01358773).

Todos os participantes e responsaveis legais foram esclarecidos sobre os
objetivos e procedimentos do projeto e aos que concordaram, foi solicitado que
assinassem um Termo de Consentimento Livre e Esclarecido para pais e participantes
(ANEXO 2) e os que nao obtinham maioridade etaria assinaram o Termo de
Assentimento (ANEXO 3).

A intervengao possuiu carater longitudinal e interdisciplinar. Obteve duragao
de 1 ano com metas de redu¢do de peso corporal entre 5 e 10%. Nos encontros
iniciais e finais foram realizadas coletas sanguineas para andlises bioquimicas e
marcadores do balanco energético e analise da composi¢ao corporal e antropometria.
Consultas individuais foram realizadas mensalmente com endocrinologista.
Semanalmente, os voluntérios realizaram encontros em grupo uma vez na semana
com nutricionistas, psicologa, fisioterapeutas e, trés vezes na semana com

profissional de educacao fisica para realiza¢do do treinamento fisico (Figura 11).
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Figura 11. Desenho experimental geral

5.3 Métodos de avaliacao

A seguir serdo descritos todos os procedimentos de avaliacdo aos quais os

adolescentes foram submetidos. Todos os voluntarios realizaram os mesmos exames,

nas mesmas condi¢des, sempre que possivel pelo mesmo avaliador € na mesma hora

do dia, para evitar qualquer tipo de influéncia circadiana sobre os resultados.

5.3.1 Avaliacdo clinica

Os voluntarios foram submetidos a uma avaliagdo inicial para inclusdo no

estudo, para coleta de informacdes socio demograficas e de saude, fornecidas pelos

participantes ou responsaveis, que incluem questdes referentes a: peso ao nascimento,

tempo de amamentacao, raga, presenca de doengas respiratorias na infancia e de rinite

ou sinusite, historia familiar de tabagismo, asma e obesidade, nivel socioecondmico e

estdgio puberal (Tanner, Whitehouse, 1976). A anamnese completa (ANEXO 4),
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analise de exames e pressdo arterial (PA) foram realizadas por um médico

endocrinologista.

5.3.2 Antropometria e avaliacdo da composicdo corporal

Foram realizadas medidas de massa corporal e estatura (Lohman, 1988),
utilizando uma balanca antropométrica mecanica Filizola®, com capacidade para 150
kg e sensibilidade de 100g, e um estadidmetro da marca Sanny®, com escala de
precisdo de 0,lcm. Posteriormente o IMC foi calculado, dividindo-se a massa
corporal (Kg) pelo quadrado da altura (m). A medida de circunferéncias da cintura foi
aferida no ponto médio entre o ultimo arco costal e a crista iliaca.

A composi¢do corporal foi aferida pelo método de pletismografia por
deslocamento de ar (Air displacement plethysmography, BOD POD® body
composition; Life Measurement Instruments, Corcord, CA/EUA). O método utiliza a
razao inversa entre pressao (p) e volume (v) baseado na Lei de Boyle (P1V1=P2V2)
para determinar o volume corporal. Todas as avaliagdes foram realizadas seguindo o
manual do equipamento e demais procedimentos estabelecidos na literatura (Fields et

al., 2005).

5.3.3 Avaliacdo da capacidade cardiorrespiratédria e nivel de atividade fisica

A capacidade cardiorrespiratoria foi verificada pelo teste de cargas
incrementais ergoespirométrico em que foram determinados o consumo maximo de
oxigénio (VO2max), limiar ventilatorio 1 e 2 (LV1 e LV2), frequéncia cardiaca
maxima (FCmax) e frequéncia cardiacano LV 1 e 2. As determinac¢des do VO2maéx e
LV 1 e 2 foram realizadas de acordo com os critérios descritos por Wasserman et al.
(1987). Os testes foram realizados em ambiente amplo e bem iluminado, com
temperatura controlada entre 24 e 26 graus. Os testes foram realizados para
determinagdo das cargas de treinamento estabelecida entre os LV 1 e 2.

O teste foi realizado em esteira rolante (LifefitnessTM — Belmint Avenue;
Franklin Park, IL, USA) por meio de um protocolo fixo com velocidade inicial de
quatro km/hora durante trés minutos e incrementos de velocidade de 1 km/hora a
cada minuto até a exaustdo do voluntario e detec¢do dos critérios para interrup¢ao. As

varidveis respiratorias foram aferidas por meio de mensuragcdo de trocas gasosas
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respiratdrias utilizando-se uma mascara facial para captacdo dos gases
(SensorMedics-Vmax 29 Series — Metabolic measurement cart, Yorba Linda, CA,
USA). A cada estagio e ao final do teste a frequéncia cardiaca foi monitorada por
meio de um frequencimetro (Polar, modelo Advange NV, EUA). Apds seis meses a
avaliagdo cardiorrespiratoria foi repetida para ajustes das cargas de treinamento. O
nivel de atividade fisica foi monitorado na avaliagdo basal pelo Questionario

internacional de atividade fisica — versao curta (Pardini et al., 2001).

5.3.4 Avaliacao e prescricao dietética

A avaliacdo do consumo alimentar foi realizada por diario alimentar de trés
dias ndo consecutivos, avaliando dois dias da semana ¢ um dia do final de semana.
Antes de preencherem os diarios, os voluntarios foram orientados sobre o modo
correto de reportarem as informagdes. As porcdes foram registradas em medidas
caseiras € os dados alimentares obtidos foram registrados e analisados por meio do
software DietSmart® para a analise do consumo alimentar.

Foram mensurados a quantidade caldrica total ingerida, quantidades de
macronutrientes e micronutrientes, carga glicémica e indice glicémico. Foram
calculadas e consideradas para as andlises as médias de ingestdo desses nutrientes
considerando os trés dias de registro. Posterior ao célculo das quantidades
alimentares, foi realizada a analise do Indice Inflamatério da Dieta (E-IID) (Shivappa
et al., 2014) em que foram incluidos 24 nutrientes, dentre eles: carboidratos,
proteinas, gorduras (gordura saturada, monoinsaturada poli-insaturada, Omega-3,
omega 6), fibras, colesterol, niacina, tiamina, riboflavina, vitaminas: A, B6, B12, C,
D e E, Ferro, Magnésio, Zinco, Selénio, Acido Folico e betacaroteno. O

preenchimento do diario alimentar foi realizado no momento basal e pos intervengao.

5.3.5 Avaliacdo Bioquimica

As coletas sanguineas foram realizadas por um profissional da saude, por
meio de pun¢do periférica da veia do antebrago, apds jejum noturno de 12 horas. As

amostras foram centrifugadas e o soro e o plasma foram separados. As aliquotas
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foram estocadas a -80°C para posterior dosagem bioquimica de hormodnios e
neuropeptideos relacionados ao balango energético.

Todas as andlises bioquimicas foram realizadas pelo laboratorio da
Associacdo de Incentivo a Pesquisa (AFIP) e pela parceria estabelecida junto ao
laboratério de Fisiologia da Nutricdo da Universidade Federal de Sao Paulo no
momento basal e pos intervencao.

Os marcadores metabolicos € hormonais determinados foram a glicemia, feita
por métodos espectrofotométricos (UV-Visivel, modelo UV-1601PC, Shimadzu
Corp, Kioto, Japao), colesterol total e fracdes (HDL-c, LDL-c, VLDL-c ¢ TG) pelo
método comparativo calorimétrico (VITROS CHOL, Ortho-Climinal Diagnostics, Inc
Amesham, Inglaterra) e, dosagens hormonais de insulina plasmatica avaliada por
meio de ensaio enzimatico (ELISA), utilizando kits especificos para determinacao.

Somado a isso, foram analisadas as concentracdes séricas de Leptina, AgRP,
NPY, a-MSH, marcadores do balango energético, avaliados por meio de ELISA,
utilizando kits comerciais (R&D System — Minneapolis, USA) seguindo as
recomendacdes do fabricante. Os valores de utilizados para leptina foram: 1 a 20

ng/mL para meninos € 4,9 a 24 ng/mL para meninas (Gutin et al., 1999).

5.4 Terapia Interdisciplinar

A interven¢do interdisciplinar foi realizada por profissionais das areas de
nutricdo, educacdo fisica, psicologia, fisioterapia e endocrinologia. A pratica
interdisciplinar foi caraterizada por reunides mensais para a discussdo sobre a

evolucdo dos pacientes e elaboragdo das estratégias motivacionais.

5.4.1 Acompanhamento Clinico Endocrinoldgico

O acompanhamento endocrinologico foi realizado mensalmente, com
avaliacOes sobre o quadro de obesidade do voluntario e evolugdo das comorbidades.
Na consulta inicial foi aplicada a anamnese, verificagdo da histéria clinica,
determinagao dos critérios de inclusdo do estudo e estabelecimento de metas mensais

de redugdo do peso corporal.
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Nas consultas mensais foram realizadas avalia¢des clinicas de PA, acantose
nigricans, ausculta pulmonar e cardiaca, palpacdo abdominal e afericio da massa

corporal.

5.4.2 Intervencdo Nutricional

A intervengdo nutricional foi realizada de duas maneiras: individual (mensal)
e em grupo (semanal); ambas conduzidas por nutricionistas. As consultas individuais
tiveram o objetivo de fornecer um plano alimentar baseado nas caracteristicas
individuais de rotina e habitos alimentares de cada voluntério, calculado respeitando
fatores como idade, género e nivel de atividade fisica (NCR, 2001). Segundo as
Dietary References Intakes (DRI’s), a distribuicdo de macronutrientes seguiu a
seguinte recomendacgdo considerando o valor energético total da prescrigao alimentar:
50 a 60% de carboidratos, 10 a 15% de proteinas e até¢ 30% de lipideos.

As intervengdes em grupo foram realizadas com o objetivo de promover
habitos alimentares saudaveis abordando temas importantes para o tratamento da
obesidade de forma pratica e ludica. Os principais temas trabalhados foram:
principios de uma alimentacdo saudavel, montagem do prato, pesos e medidas
caseiras, fast foods, op¢des de lanches saudaveis, comportamento alimentar em festas
e datas comemorativas, alimentos diet e light, alimentos funcionais, dietas da moda,
tipos de Oleos e gorduras, mitos e verdades sobre alimentagdo e rotulagem nutricional
(Phillipi et al., 1999). Nenhum tipo de farmaco ou suplementos alimentares foram

prescritos e os pacientes foram encorajados a nao fazer o uso dos mesmos.

5.4.3 Intervencdo psicoldgica

A interven¢do psicoldgica foi realizada semanalmente e em grupo com
atividades dinamicas e tedricas aplicadas pela psicologa. O objetivo foi trabalhar
temas como alteragdes emocionais ¢ comportamentais, mudangas no estilo de vida,
emocdes e alimentos, ansiedade, depressdo, autoestima, imagem corporal,
preconceito, transtornos alimentares, questdes familiares e técnicas de autocontrole
(de Carvalho-Ferreira et al., 2015). A intervengdo psicologica individual foi realizada
apos a deteccdo de casos mais graves de transtornos alimentares, ansiedade e

depressdo. No entanto, a psicologa colocou-se a disposicdo de todos os voluntarios
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€aso 0S mesmo ndo se encaixassem nos casos graves mas, enxergassem a necessidade

de consultas individuais.

5.4.4 Prescricdo e acompanhamento do exercicio fisico

Para o desenvolvimento deste trabalho, o tipo de exercicio fisico escolhido foi
o concorrente caracterizado pela realizagdo de exercicio aerobios e treinamento de
resisténcia na mesma sessao, realizados sob supervisdo e orientacdo de profissionais
de educacao fisica, trés vezes por semana, em dias alternados com duracao de 60
minutos a cada sessdo. O programa de exercicios fisicos foi baseado nas
recomendacdes do American College of Sports Medicine (Donelly et al., 2009) em
que dos 60 minutos da sessdo, 30 foram destinados a exercicios aerobios e 30
minutos a exercicios resistidos.

O treino aerobio foi prescrito na intensidade de frequéncia cardiaca entre o
LV 1 e 2 em esteira rolante ou cicloergdmetro. O treinamento resistido foi realizado
em equipamentos de musculacdo, englobando os principais grupamentos musculares:
peitoral maior, quadriceps, dorsais, isquios tibiais, triceps sural, deltoides, biceps,
triceps, abdomen e extensores da coluna. A familiarizagdo com os equipamentos foi
feita durante 2 semanas com trés séries de 15 a 20 repeti¢des. Apds a familiarizagdo,
a carga foi ajustada e consequentemente a cada 8 semanas. O treinamento se
caracterizou com volume e intensidade ondulatérios, em que essas duas variaveis
foram ajustadas inversamente. Semanalmente, a cada treino o nimero de repeti¢cdes
era diminuido de 15 a 20 para 10 a 12 e por fim, 6 a 8, enquanto a carga aumentava.
Independente do volume e da intensidade o niimero de sets era fixo em 3. Durante as
séries, foi encorajado o descanso ativo com alternagdo de aparelhos para membros
inferiores e superiores.

O ajuste de carga foi realizado semanalmente, e sempre que possivel pela
propria percep¢ao do voluntario. Durante todo o treinamento, a frequéncia cardiaca
foi monitorada. Os adolescentes foram incentivados a sempre procurar praticar

exercicios aos finais de semana e nas atividades diarias, como na escola.
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5.4.5 Intervencdo Fisioterapéutica

As intervengdes fisioterapéuticas foram realizadas em grupo com a
abordagem de diversos temas focados no corpo humano, entendimento das estruturas
e composi¢ao corporal, desenvolvimento de patologias, aprendizado de medidas
ergondmicas para pratica de exercicios fisicos, atividades na escola, em casa, bem
como a importancia do controle do peso corporal como medida preventiva para o
desenvolvimento de doencas musculoesqueléticas. Além disso, aulas praticas foram
ministradas com aplicacdo de técnicas de reeducagdo postural global e intervencdes
de hidroterapia. Caso houvesse necessidade de atendimento fisioteraputico por

motivo de lesdo, este era realizado pelo fisioterapeuta do CEPE.

5.5 Analise dos resultados

Os resultados obtidos foram avaliados através de andlises estatisticas
utilizando o software Statistica® versdo 7.0, para Windows. Foi verificada a
normalidade dos dados, sendo que os dados paramétricos foram expressos em média
e desvio padrao (DP) e os dados ndo paramétricos foram expressos em mediana e
valores minimo e maximo, ou normalizados por zscore. Testes estatisticos especificos
que buscaram responder aos objetivos dos artigos 1, 2 e 3 foram realizados e
descritos especificamente nas sessoes de analise estatistica. Adotou-se o valor de

significancia de p < 0,05.
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Resultados e Discussdo




6. RESULTADOS E DISCUSSAO

Os resultados e discussdo serdo apresentados em forma de trés artigos
cientificos sendo que a metodologia cientifica, numeragdo de figuras e tabelas ¢
referéncias foram mantidas em sua configuracdo e numeragdo original de publicacao

e submissao.

- ARTIGO 1

Titulo: The long-term impact of high levels of a-MSH in energy balance among
obese adolescents

Revista: Annals of Nutrition and Metabolism

Ano de publicaciao: 2018

Fator de Impacto: 3,051

- ARTIGO 2
Titulo: Adipocytokine and appetite-regulating-hormones response to weight loss in

adolescents with obesity: impact of weight loss magnitude

Submetido a Revista: Nutrition

Fator de Impacto: 3,639

- ARTIGO 3
Titulo: The association between Dietary Inflammatory Index scores and serum
concentrations of adipocytokines and hormones that affect appetite in adolescents

with obesity engaged in long-term interdisciplinary therapy

Submetido a Revista: British Journal of Nutrition

Fator de Impacto: 3,302
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6.1 Artigo 1

The long-term impact of high levels of a-MSH in energy balance among obese

adolescents

High levels of a-MSH in long-term weight loss therapy

Ana Claudia Pelissari Kravchychyn!, Raquel Munhoz da Silveira Campos?, Flavia
Campos Corgosinho!, Deborah Cristina Landi Masquio®, Sofia Emanuelle de Castro
Ferreira Vicente!, Yasmin Alaby M. Ferreira!, Patricia L. Silva*, Aline de Piano
Ganen’, Lila Missae Oyama', Lian Tock’, Marco Tulio de Mello®, Sérgio Tufik!, Ana
Raimunda Damaso!

"Federal University of S3o Paulo; 2Federal University of Sdo Carlos; *Sdo Camilo
University Center; “Federal University of Goias; >Weight Science; © Federal
University of Minas Gerais.
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Abstract

Background: Deregulation of orexigenic and anorexigenic pathways occurs among
adolescents with obesity. Alpha-melanocyte-stimulating hormone (a-MSH) is a key
catabolic mediator of energy homeostasis and an important anorexigenic
neuropeptide in the control of energy balance and thermogenesis. However, it was not
well explored if a-MSH can modulate long-term weight loss therapy responses as
dependent manner according to its concentration. We hypothesis is that high a-MSH
concentration at baseline promotes better modulation of anorexigenic/orexigenic
pathways in obese adolescents. Methods: 110 post-pubertal obese adolescents (BMI
>97th percentile), were submitted to 1 year of interdisciplinary therapy (clinical,
nutritional, psychological, physical exercise and physiotherapy support). Body
composition and plasma levels of Alpha-MSH, NPY, MCH, AgRP were measured
before and after therapy. The volunteers were grouped by Tertiles of a-MSH
concentration: Low (<0.75 ng/ml), Medium (<0.76 to >1.57 ng/ml) and High (>1.57
ng/ml). Significance was set as p<0.05. Results: The treatment promoted a
significant improvement in body adiposity and fat free mass for all groups. In
highlight, only in the high a-MSH group it was observed a significant increase of the
o-MSH/NPY ratio and decrease NPY/AgRP ratio post treatment. Conclusion: The
high a-MSH concentration promotes better modulation of anorexigenic/orexigenic
pathways in obese adolescents following long-term weight loss therapy and this is

important in the clinical practice.
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Introduction

Energy balance is controlled through several physiological signals that
regulate food intake in both short- and long-term promoting whole body homeostasis.
The body energy is regulated by the arcuate nucleus (ARC) of the hypothalamus
through release of orexigenic and anorexigenic neuropeptides. The release of these
neuropeptides is regulated by endocrine and neuronal input, and when this signaling

pathway fails, the energy balance is deregulated [1,2,3].

Neurons expressing these neuropeptides interact with peripheral signals, such
as leptin signaling, acting to energy balance pathways. There are neurons that
synthesize the anorexigenic neuropeptides cocaine-and-amphetamine regulated
transcript (CART) and proopiomelanocortin (POMC). When stimulated, POMC
releases hypothalamic alpha-melanocyte-stimulating hormone (a-MSH) which is a
key catabolic mediator of energy homeostasis. The peptide a-MSH is a part of the
melanocortin system, which is made up of a, B, and y — MSH, adrenocorticotropic
hormone (ACTH), melanocortin receptors (MCR), agouti-related peptide (AgRP) and

endogenous MCR antagonist [2,4].

In the ARC, also occurs the synthesis of orexigenic neuropeptides such as
neuropeptide Y (NPY) and AgRP. These neuropeptides are inhibited by leptin, being
antagonists of the a-MSH and modulating appetite stimulation, lipogenesis and
reducing energy expenditure [2,4,5]. The deregulation in orexigenic and anorexigenic
neuropeptides expression is the basis to understanding the positive energy balance
and the determinant factor of the increase in adiposity associated with energy intake

and low levels of physical activity.
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In obesity, the hyperleptinemia state caused by increased adipose tissue may
promote a hypothalamic resistance of this hormone action, deregulates anorexigenic
neuropeptides expression, as the a-MSH and contributes to the positive energy
balance in obese people [6,7]. In a previous study, it was demonstrated that 75% of

obese adolescent present hyperleptinemia which may impaired weight loss therapy

[8].

In this context, it was previously demonstrated negative correlations between
BMI and a-MSH levels [9], indicating positive relationship between weight loss and
the activation of anorexigenic pathways after long-term weight loss therapy [5]. The
a-MSH also plays a role in thermogenesis regulation by mobilizing fat stores and
increasing circulating free fatty acids, promoting a favorable environment for
negative energy balance [1]. Moreover, recently the a-MSH was related to capability
to promote browning effects, contributing to our understanding about energy
expenditure in human [10].

New insights can suggest an association between a-MSH and its predictive
role on response of weight loss therapy. However, as we know, this hormone it is not
fully investigated in obese adolescents undergoing weight loss therapy [11,12]. We
hypothesized that high concentration of a-MSH at baseline promotes better
modulation of anorexigenic/orexigenic pathways in obese adolescents. Therefore, the
present investigation aimed to assess the role of a-MSH levels on body adiposity and
orexigenic/anorexigenic neuropeptides responses in obese adolescents submitted to
long-term interdisciplinary therapy. In addition, this data also objective to contribute
to the literature showing the effects of long-term weight loss therapy on the

modulation of energy balance pathways.
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Methods

Subjects

This study involved post pubertal 110 obese adolescents to both gender and
age from 14 to 19 years. Inclusion criteria were Tanner stage five [13], primary
obesity and BMI >97th percentile of the WHO reference growth charts. Non-
inclusion criteria were the use of birth control pills, cortisone, anti-epileptic drugs,
and history of renal disease, alcohol intake, smoking, and secondary obesity due
endocrine disorders.

The study was conducted according to the principles of the Declaration of
Helsinki and was approved by the Ethics committee on research at the Universidade
Federal de Sao Paulo-UNIFESP (#0135/04), Clinical Trials: NCT01358773. To
determine sample size was used G*Power software version 3.1.7. The sample size
with 108 volunteers is required to level of significance with p<0.05, effect size to
30% and observed power of 80% for the ANOVA two-way test. Predicting the
dropout between 20 and 30% the treatment was started with 148 participants and was
completed with 110 adolescents. The main reasons for the treatment drop out were

financial and family problems, followed by school and job opportunities.

Anthropometric Measurements and Body Composition

The weight was measured on a Filizola scale to the nearest 0.1 kg and the
height was measured to the nearest 0.5 cm with a wall mounted stadiometer (Sanny,
model ES 2030). The BMI was calculated as body weight divided by height squared
(wt/ht2). Body composition was measured by air displacement plethysmography in a

BOD POD body composition system (version 1.69; Life Measurement Instruments,
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Concord, CA). For this procedure, the volunteers were instructed to be wearing light

clothing and barefoot.

Serum Analysis

Blood samples were collected after an overnight fast (approximately 8:00
AM). Alpha MSH, MCH, AgRP and NPY were measured by enzyme-linked
immunosorbent assay (ELISA) kit from R&D Systems (Minneapolis, MN, USA).

Anorexigenic ratio a-MSH/NPY and orexigenic ratio NPY/AgRP were calculated.

Research Design

The interdisciplinary weight loss program included clinical, nutritional,
psychological physiotherapy and combined exercise training (aerobic plus resistance
training) for change in lifestyle with body weight reduction targets between 5 and
10%. All measurements were performed before and after 1 year of intervention. For
statistical analyses, at the end of the study, the volunteers were grouped according to
baseline values of a-MSH by Tertiles: Low (<0.75 ng/ml), Medium (<0.76 to >1.57

ng/ml) and High (>1.57 ng/ml) (Figure 1).
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Ethical Committee

Post-pubertal Tanner
Stage>V

BMI >97th percentile

14 to 19 years

Exercise electrocardiography (ECG)

148 participants selected

Body composition

Blood collect

Multidisciplinary treatment associated

—>| One year

Psychological Nutritional
intervention intervention
Once a week — 1 hour Once a week —1 hour

Physiotherapy
intervention
Once a week — 1 hour

Physical exercise
3x/week — 1 hour

Clinical Evaluation
Once a month

38 dropout

110 participants

oMSH Tertile 1:
<0.75 ng/ml
(n=34)

aMSH Tertile 2:
>0.75 to £1.57 ng/ml
(n=40)

aMSH Tertile 3:
>1.57
(n=36)

Figure 1. Diagram of the multidisciplinary therapy

Clinical Therapy

In the first visit the endocrinologist to determine de inclusion criteria (BMI

and post pubertal diagnosis). Medical treatment and follow-up were based on an

initial patient and family history, physical examination, and intervention in any health

problems that the patient developed over the course of the therapy. The adolescents

clinical support it happened monthly for the assessment of health and clinical

parameters.
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Nutritional Therapy

The nutritional therapy was conducted by two pathways. First, energy intake
was set individually for each volunteer and the amount of macronutrients and
micronutrients was prescribed according to the Dietary Reference Intake for subjects
with low levels of physical activity of the same age and gender. The distribution of
macronutrients was between 25-35% for fat, 45-65% for carbohydrate and 10-30%
for protein and some micronutrients such as iron, calcium, vitamin C and vitamin D,
for example, had their intake normalized by including food sources of these nutrients
if necessary [14]. Second, once a week, adolescents received dietetics lessons
covering the topics related to a healthy eating pattern (Example: low-calorie foods,
diet and light foods, weight loss diets, good food choices on holidays, weekends and
celebrations, food labels and other related topics). All participants received these two
interventions. No pharmacotherapies, supplementation or antioxidant were

prescribed.

Psychological Therapy

The volunteers received weekly group session (1-hour). The psychological
therapy and the themes talked were conducted based on validated questionnaires
considering some of the psychological problems caused by obesity: depression,
eating disorders, anxiety, decreased self-esteem, and body-image disorders.
Individualized psychological therapy was recommended when serious problems were

found.
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Exercise Protocol

The exercise program was based on guidelines from the American College of
Sports Medicine [15] and was performed three times per week and included 30
minutes of aerobic training plus 30 minutes of resistance training per session. All
sessions were rigorously supervised by an experienced physiologist. The subjects
were instructed to reverse the order of the exercises (aerobic and resistance) at each
training session. The aerobic training consisted of running on a motor-driven
treadmill (Life Fitness — Model TR 9700HR) at a cardiac frequency intensity
representing ventilatory threshold 1 (£ 4 bpm), according to the results of an initial
oxygen uptake test for aerobic exercises. Resistance training was prescribed to main
muscle groups and the load of exercise was adjusted after 2 weeks for adaptation to
the movement and minimum initial load. Each 8-week, the intensity (load) and
volume (repetitions) were adjusted inversely: when decreasing the number of
repetitions (from 15 — 20 to 10 — 12 and 6 — 8 repetitions) the load was increased, for

three sets.

Physiotherapy

The subjects participated in a weekly intervention with two physical therapists
(1-hour). The themes of these group interventions were global postural reeducation,
isostretching, diaphragmatic breathing, hydrotherapy, balance, and stretching.

Individual assessment was also performed if the patient had any injuries.
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Statistical Analysis

Statistical analysis was performed using STATISTICA software version 7.0
for Windows (StartSoft, Tulsa OK, USA) with the level of statistical significance set
at p<0.05. Data normality was verified with the Kolmogorov—Smirnov test.
Parametric data were expressed as mean + SD while variables that did not have a
normal distribution were normalized by Zscore. Comparisons between genders at
baseline were performed by test t and measurements before and after intervention
were performed using the ANOVA repeat measures. ANOVA two-way test was
applied to compare delta variables among the groups. The test Generalized Linear
Model (GLzMM) was used with Gama distribution the following variables of
interest: MCH, a-MSH, AGPR, NPY and the o-MSH/NPY and NPY/AgRP ratio.
The choice of distribution considered was based on parsimony between the
exploratory analysis of histograms and in the balance good fit Akaike information
criterion (AIC) and Bayesian information criterion (BIC). Significance was set as

p<0.05.

Results
The study comprised a sample of 110 volunteers grouped according to a-MSH
levels at baseline: Tertile 1 (< 0,75 ng/ml; n=37), Tertile 2 (>0,75 to <1,57 ng/ml;

n=40) and Tertile 3 (> 1,57 ng/ml; n=36).

Descriptive data and baseline values

Table 1 presents descriptive data for all volunteers and separated by gender in

baseline. The comparison showed significant differences in weight, BMI, percentage
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of fat and fat-free mass in percentage and in kilograms when the volunteers were

separated by gender.

Table 1. Descriptive data of body composition and energy balance parameters
on all volunteers and by gender.

All (n=110) Girls (n=67) Boys (n=43)

Age 16.5£2.2 16.5+2.6 16.4+1.3
Weight (kg) 107.8+15.2 100.9+£15.9 108.3+17.3*
BMI (kg/m®) 37.1%5.1 37.5+5.2 34.9+4.7*
Body fat (%) 46.2+5.0 48.4+5.3 40.5+6.6*
Body fat (kg) 50.1+10.3 49.0+11.5 44.5£12.9
Free fat mass (%) 53.8+£5.0 51.7£5.2 59.5+6.6*
Free fat mass (kg) 57.7£8.1 51.5+6.6 63.8+£8.2%
MCH 2.1+0.7 5.54£3.0 5.1£2.4
AgRP 0.3+0.1 0.8+0.7 1.0+1.5
NPY 1.0+0.4 1.0+0.8 0.9+0.7
a-MSH 0.5+1.4 1.4+0.8 1.3+0.8
a-MSH/NPY 0.53+0.3 0.9+0.7 0.9+1.2

Data represented by Mean =+ Standard deviation.
*Differences between Boys and Girls at Baseline.

Comparing the baseline data between all three groups, there were no
significant differences in weight (kg), BMI (kg/m?), body fat (% and kg) and free fat
mass (% and kg). Considering the neuropeptides analyses a-MSH, NPY, AgRP and
MCH were different between Tertile 3 to 1 and 2, where the Tertile 3 group showed
significantly higher values compared with Tertile 1 and 2 groups at baseline. The a-
MSH/NPY ratio was significant higher in the Tertile 2 to Tertile 1 at baseline and

NPY/AgRP ratio was lower in Tertile 2 compared to Tertile 1 (Table 2 and Table 3).
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Effects of different concentrations of alpha-MSH on the long-term obesity

treatment

The interdisciplinary therapy over 1 year of intervention promoted a
significant reduction in body weight (kg), BMI (kg/m?), body fat (% and kg) and
improvement in free fat mass (% and kg) in all groups (Table 1). Regarding the
neuropeptides, only in the Tertile 3 group there was significant change in a-MSH,
MCH, o-MSH/NPY ratio and NPY/AgRP ratio only in Tertile 3 (Table 2 and Table

3).
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Table 2. Descriptive data of body composition parameters on different Tertile of a-MSH in obese adolescents submitted to multidisciplinary therapy.

Tertile 1 (n=34) Tertile 2 (n=40) Tertile 3 (n=36)
Baseline Year p A Baseline Year P A Baseline Year p A
Weight (kg) 107.8£152  95.2+15.6°  <0.05 -12.6+7.7 104.6£17.3  95.3+18.4°  <0.05 93+8.6  99.1x17.1 94.7+17.6"  <0.05 4,445 4%
BMI (kg/m®) 37.1£5.1 32.144.9°  <0.05 -5.0+2.6 37.245.3 33.745.6° <0.05  -3.5#3.17 349450 33.5+5.1° <0.05 = -1.4+1.9%
Body fat (%) 46.2+5.0 39.5+6.9" <0.05 -6.7+4.2 46.3£7.2 36.9£9.3°  <0.05 -9.4+£5.6 43.4+8.1 39.9+7.2°  <0.05 -3.5+4.8°
Body fat (kg) 50.1£10.3 38.2¢11.1°  <0.05 -11.9+6.9 58.3+12.5 35.9+13.4° <0.05 -22.4+11.9 433+12.7 382+11.4° <0.05 -5.1£6.6°
Free fat mass (%) 53.8+5.0 60.4+6.9" <0.05 6.6+4.3 53.94+7.0 63.049.3°  <0.05 9.149.5 56.6+8.1 60.1£7.2"  <0.05 3.5+4.8°

Free fat mass (kg) 57.748.1 57.148.3" <0.05 -0.6+2.2 55.849.7 59.3+10.6"  <0.05 3.549.9  55.7£10.3 57.0+10.6° <0.05 1.3+8.8"

Data represented by Mean + Standard deviation.
P values were expressed at table to compared Baseline vs. Year in the same Tertile.

*Significant difference between Baseline and Year to same tertile; TSigniﬁcant difference between Delta to Tertile 2 vs Tertile 1; ¥ significant difference between Delta to Tertile 3 vs

Tertile 1; § Significant difference between Delta to Tertile 3 vs Tertile 2.
BMI: Body Mass Index.
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Table 3. Descriptive data of anorexigenic and orexigenic parameters on different Tertiles of o-MSH in obese adolescents submitted to

multidisciplinary therapy.

Tertile 1 (n=37)

Tertile 2 (n=40)

Tertile 3 (n=36)

Baseline Year P A Baseline Year A Baseline Year p A
o-MSH 0.5+1.4 0.5+1.9 - 0.0+0.1 1.2+0.3 1.3+0.4 0.120.3  2.3+0.6™%  1.6x0.7 <0.05 -0.7+0.9
NPY 1.0£0.4 1.1£0.4 - 0.1£0.3 1.3£1.3 1.843.0 0.54£3.1  2.8+1.3™  1.6+0.6 - -1.241.38
AgRP 0.3+0.1 0.3+0.1 - 0.0+0.1 0.7+0.5 0.840.6 0.1£0.7 22+£22™ 32422 - 1.0+2.58
MCH 2.1x0.7 2.7+1.0 - 0.7+0.9 4.542.6 4.7£2.1 0.2+1.5  7.1£2.07F  55+2.3" <0.05  -1.6x4.8%
o-MSH/NPY  (.5+0.3 0.3+0.3 - -0.2+0.2 1.3£1.0% 0.8+1.0 -0.5£1.1  1.1=1.1 2.3+1.5" <0.05 1.2£1.58
NPY/AgRP 4.6+2.4 5.9+4.0 - 1.4+3.3 2.4+x1.4% 3.0£2.0 0.5£1.9  1.8+0.7  0.9+0.7" <0.05  -0.9+1.08

Data represented by Mean =+ Standard deviation.

P values were expressed at table to compared Baseline vs. Year in the same Tertile.
*significant difference between Baseline and Year to same tertile; ¥ significant difference between Baseline to Tertile 2 vs. Tertile 1; T significant difference between Baseline to Tertile

3 vs. Tertile 1; !significant difference between Baseline to Tertile 3 vs. Tertile 2; Ssignificant difference between Delta to Tertile 3 vs Tertile 1; "signiﬁcant difference between Delta to

Tertile 3 vs Tertile 2.

MCH: Melanin-concentrating hormone; AgRP: agouti-related peptide; NPY: neuropeptide Y; a-MSH: alpha-melanocyte-stimulating hormone.
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When analyzed delta values between the groups, significant difference was
observed in body weight and BMI, where Tertile 1 presented higher values of delta.
To body fat and free fat mass values the differences were between Tertile 3 to Tertile

2 and the higher delta values were in Tertile 2 (Table 2).

The relationship between a-MSH levels and orexigenic effects were observed
in different delta values of MCH and a-MSH/NPY in all groups. Higher levels of a-
MSH (Tertile 3) presents significant more changes in a-MSH/NPY ratio and MCH

compared to Tertile 1 and 2 and NPY/AgPR ratio compared to Tertile 1 (Table 3).

There were significant statistical differences when comparing the
anorexigenic (a-MSH), orexigenic (NPY, AgRP and MCH) and ratio to anorexigenic
(a-MSH/NPY) and orexigenic (NPY/AgRP) pathways variables of the three groups
after treatment. As expected in the Tertile 3, the a-MSH/NPY ratio was significantly

higher and NPY/AgRP ratio was lower compared to Tertile 1 and 2 (Table 4).

Table 4. Comparative data of anorexigenic and orexigenic parameters post treatment on different
Tertiles of a-MSH in obese adolescents submitted to multidisciplinary therapy.

Tertile 1 (n=34) Tertile 2 (n=40) Tertile 3 (n=36)

Anorexigenic variable o-MSH 0.5+0.3 1.2+0.7" 1.6£0.97
AgRP 0.3£0.3 0.840.8" 3.1£3.4°
Orexigenic variable ~ NPY 1.1£1.2 1.9+1.9" 1.6£1.7"
MCH 2.7£3.2 4.7£2.7* 5.5+3.3*
Anorexigenic ratio a-MSH/NPY 0.3£0.5 0.8+1.17 2.3+£3.2°F
Orexigenic ratio NPY/AgRP 5.9+9.3 3.2+4.4" 0.9+1.3"

Data represented by Mean + Standard deviation.
*significant difference to Tertile 1; T significant difference to Tertile 2. Generalized Linear Model (GLzMM).
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Discussion

The a-MSH levels appears to be an important key to understand the complex
mechanism of energy balance control. In this way, the aim of the present
investigation was to assess the role of a-MSH levels on body adiposity and
orexigenic/anorexigenic neuropeptides responses in obese adolescents submitted to
long-term interdisciplinary therapy. Interestingly, in the present study, we observed
significant modulation in body composition components, independent of a-MSH
levels showing the positive effects of weight loss therapy. However, the most
important find of this study was that only when a-MSH is high in obese patients
before treatment, there is a significant modulation of anorexigenic and orexigenic
pathways after long-term intervention.

We hypothesized that high a-MSH concentration at baseline promote better
modulation of anorexigenic/orexigenic pathways in obese adolescents. Only in
volunteers with high a-MSH levels it was observed significant increase in o-
MSH/NPY ratio and decrease NPY/AgRP ratio post-treatment, showed a possible
better modulation of energy balance variables when compared with low and medium
a-MSH levels. Even though weight loss occurred in all groups, it was observed that
a-MSH levels could influence the control of energy balance homeostasis, which can
be decisive in maintaining weight post treatment, yo-yo effect prevention and
improve the adherence to health life style post treatment.

To our knowledge, this is the first study to show the behavior of
neuroendocrine neuropeptides and body composition variables considering the
different concentrations of a-MSH at baseline. The antagonist relationship between
a-MSH and NPY has been described. In normal conditions, the NPY/AgRP system

are directly stimulated by ghrelin, which leads to an increase in energy intake and
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acts to depress the activity of a-MSH in the hypothalamus. In a fed state, the leptin
levels suppress NPY and AgRP neurons, stimulates a POMC and consequently o-
MSH [1,2]. Besides the function of energy balance control by
anorexigenic/orexigenic axis, both neuropeptides also affect the metabolism profile
acting in the physiology of adipose tissue: NPY affects the adipogenesis and a-MSH
is responsible for lipolysis [4,10,16].

Composing the melanocortin system (MC), the o-MSH anorexigenic effects is
mediated by specific receptors in the ARC (MC3R and MC4R). Recently, other
properties than to modulate the activity of a broad neural network regulating food
intake by suppress of the appetite explain possible influences of the a-MSH in the
weight loss and reestablishment of balanced neuroendocrine functions. The MC4R
and MCS5R, receptor of a-MSH too, have been related to stimulation of metabolic
pathways by lipid mobilization and increase in the thermogenesis. This mechanism
could occur in sympathetic nervous system by [-adrenergic receptors causing
uncoupling of terminal oxidation and ATP production to white adipose tissue and
brown adipose tissue [4,17, 18,19,20].

The ability of arcuate POMC and AgRP neurons to be regulated by hunger
and satiety circulating hormones, including leptin, insulin, ghrelin, estrogens,
glucocorticoids, glucagon like peptide 1, and peptide YY makes the MC system
sensitive to changes in nutritional status. For instance, differences in hypothalamic
leptin sensitivity presented in obese people (hyperleptinemia state) can influence the
stimulation of a-MSH hormone and promotes failures in satiety by lack stimulation
of anorexigenic pathways [21, 22]. Since this was a human study, we were not able to
clarify more molecular mechanisms, such as a-MSH receptors sensitivity. However,

we believe that this study provides relevant findings to adolescent obesity treatment
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and contributes to better understand of human physiology behavior in long-term
clinical trials.

In this perspective, Oyama et al. [5] demonstrated how weight loss magnitude
can modulate the anorexigenic responses. The a-MSH levels in patients with a small
weight loss was reduced significantly; and in massive weight loss a-MSH levels was
significantly increased followed by attenuations in NPY and modulations in feeding
behavior. Moreover, in the weight loss protocol, the exercise training was suggested
as an important tool for modulation to anorexigenic/orexigenic pathway. In this
perspective, Carnier et al [11] showed how different types of exercise can modulate
a-MSH responses, independently of food ingestion, when supported by a 1 year of
multicomponent weight loss therapy. The aerobic training was able to increase o-
MSH levels more than aerobic plus resistance exercise (concurrent training). Despite
this result, concurrent exercise in the multidisciplinary context was effective for
modulating other important obesity variables involved in metabolic syndrome,
nonalcoholic fat liver, bone mineral density and hyperleptinemia [23, 24, 25, 26, 27],
justifying why we chose this exercise protocol. It’s important to emphasize that
despite the results found by Carnier et al [11] we were able to show improvement in
body composition and neuroendocrine modulation with this exercise protocol.

Data that show the behavior of energy balance variables in weight loss
therapy contribute with improvements in literature due to the lack of studies about the
thematic. Our study, in which long-term multidisciplinary weight loss therapy was
able to reduce weight, BMI and increase the free fat mass [9,28], brings a new
perspective of how anorexigenic neuropeptide levels detection before treatment can

be positive to clinical practice. This study presents some limitations: The leptin
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levels were not determined to correlate with a-MSH levels, the small sample size post

treatment and lack of a lean control group.

Conclusion

In summary, the present study showed the impact of different baseline a-MSH
levels in modulation of anorexigenic/orexigenic pathways after one year of
multidisciplinary therapy in obese adolescents. Although the treatment changes body
composition in all groups; only in high levels of a-MSH we could observe significant
modulation of anorexigenic/orexigenic pathway. These results suggest that patients
with low levels of a-MSH may has impairments in the regulation of energy balance
by pathways of hunger and satiety which would increase the chances of weight regain

and no adherence to post treatment life style changes.
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Abstract

Purpose: Our aim was to investigate the association between the magnitude of
weight loss (WL) and serum concentrations of the main adipocytokines and appetite-
regulating hormones in adolescents with obesity. Methods: 108 adolescents with
obesity (14-19 years old; post-pubertal) were submitted to clinical, nutritional,
psychological, physical exercise and physiotherapy support for one year. Body
composition (BC) and plasma levels of neuropeptides and Leptin were measuredat
baseline and post intervention. Results: After therapy were compared adolescents
who lost less than 10% body weight (LWL) and more than 10% body weight (HWL).
Both groups presented reductions in BC and Leptin. The Aa-MSH, Aoa-MSH/AgRP
ratio and Aoa-MSH/NPY ratio were lower and AgRP and NPY variations were higher
in the LWL. The Leptin concentration was close to normal in the HWL only. The
AWeight, Aa-MSH and ALeptin were associated with BF loss by multiple linear
regression for all sample. Conclusion: High weight loss (above 10%) seems to
reverse obesity-induced hyperliptinemia while stabilizating the neuropeptides that
control appetite in adolescents with obesity. We were able to produce a prognostic

mathematical model to predict BF loss using weight, Leptin and a-MSH variations.

Key-words: Obesity, Energy Balance, Weight Loss, Fat Loss, Interdisciplinary

Therapy, Adipocytokine.
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1. Introduction

The prevalence of obesity has dramatically increased over the last 30 years,
reaching today worldwide proportions and being a global health problem. The World
Health Organization (WHO) attributes this alarming progression to an increased
intake with low food quality accompanied by a decrease in physical activity as a
result of societal and environmental changes (WHO, 2018). Aiming to reduce this
prevalence, especially in children and adolescents, multidisciplinary interventions are
proposed, targeting the different causes of obesity [1,2,3,4,5].

While the control of energy balance is multifactorial, body composition (free
fat mass and body fat) has been shown to affect both energy expenditure and food
intake [6,7]. Fat mass and fat-Free mass individual variabilities at baseline, as well as
the magnitude of their responses to long-term interdisciplinary weight loss programs
can determine the clinical improvements of anti-obesity interventions [8,9,10,11,12].

The positive energy balance characterizing obesity can be generated by the
deregulation of some important appetite-regulating hormones that modulate
orexigenic (neuropeptide Y — NPY, and agouti-related peptide - AgRP) and
anorexigenic (Alpha-melanocyte-stimulating hormone - a-MSH) pathways [13]. One
of these hormones is leptin, expressed in adipose cells and released in response to
food intake by increased postprandial insulin, stimulating then the production of the
anorexigenic  neuropeptides = o-MSH, derived from the neuropeptide
proopiomelanocortin (POMC), and the cocaine-and-amphetamine regulated transcript
(CART), inducing a satiety signal in the hypothalamus. Together, leptin and a-MSH
can inhibit the orexigenic pathways in which NPY and AgRP have an inverse effect

on a-MSH, stimulating energy intake [13,14,15].
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Weight loss, depending on its magnitude, can bring countless benefits for
health. Improvements in cardiovascular diseases and diabetes factors can be achieved
even with modest weight loss (5 to <10%) while positive inflammatory and metabolic
effects were observed when weight loss reaches 10% or more [16,17,18]. In
adolescents with obesity, Oyama et al. [15], showed a downregulation of NPY and
upregulation of o-MSH plasma concentrations in response to a l-year
interdisciplinary intervention, only in presence of a massive weight loss (about 12%
of initial body weight). Such results call for further studies to better understand the
role and importance of the magnitude of weight loss when it comes to the
neuroendocrine factors regulating energy balance.

In that context, the primary aim of this study was to investigate the
relationship between the magnitude of weight loss and the variations of the main
adipocytokines and hormones that affect appetite in response to a one-year
interdisciplinary intervention in adolescents with obesity. Secondly, we proposed to
investigate which energy balance variables had the greatest impact on body fat loss
responses. Our hypotheses were that: only substantial weight loss modulates the
levels of adipocytokines and hormones that affect appetite; and that these variables,

especially the anorexigenic factors, can be predictors of body fat loss.

2. Materials and Methods

2.1 Research design

A total of 148 adolescents with obesity (boys and girls, aged 14 to 19 years
old) submitted to a one-year interdisciplinary weight loss therapy. Only 108

volunteers completed the treatment. Financial condition, family problems, jobs
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opportunities and school schedule were the main reasons for dropout. None of the
dropout were related to the intervention itself.

The main inclusion criteria were being stage five according to Tanner’s
classification [19]; BMI > 97th percentile of the WHO reference growth charts. Non-
inclusion criteria were identified as previous drug utilization, alcohol intake,
smoking, genetic, metabolic or endocrine disease. The present investigation was
performed in accordance with the principles of the Declaration of Helsinki and was
approved by the Ethics committee on research at the Universidade Federal de Sao
Paulo- Escola Paulista de Medicina (UNIFESP-EPM) (#0135/04), Clinical Trials:
NCTO01358773. Before the initial interventions, the volunteers and their legal

representative signed consent forms.

After a medical inclusion visit realized by an endocrinologist to ensure the
ability of the participants to complete the whole study; baseline clinical
measurements were performed (Electro-Cardiogram, body composition, blood
analysis) and the adolescents were enrolled in a one-year interdisciplinary weight loss
program. All the clinical assessments were repeated at the end of the intervention.
After the intervention, for analysis, participants were divided into two subgroups
depending on their degree of weight loss: weight loss <10% (Lower WL; n=68) and

weight loss >10% (Higher WL; n=40) (Figure 1) [16].
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Ethical Committee
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Once a month
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{

Physiotherapy
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Once a week — 1 hour

Physical exercise
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| Grouped by weight loss (WL) after therapy |

< 10% (n=68)

Lower WL (LWL):

Higher WL (HWL):

= 10% (n=40)

Dropout 27%

Figure 1. Design of study

2.2 Body Composition and Anthropometric Measurements

The anthropometric parameters measured were: weight (Filizola scale to the
nearest 0.1 kg) and height (Sanny, model ES 2030 to the nearest 0.5 cm). Body Mass
Index (kg/m?) was then calculated as: Body weight (kg)/height (m)?. Body fat and
free fat mass (FFM) was measured by air displacement plethysmography in a BOD
POD body composition system (version 1.69; Life Measurement Instruments,

Concord, CA).

2.3 Serum Analysis
Blood samples were collected after an overnight fast to determine o-MSH,
MCH, AgRP, NPY and Leptin. These blood variables were measured using a

commercially available enzyme-linked immunosorbent assay kit (ELISA) kit from
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R&D Systems (Minneapolis, MN, USA). The %CV for inter and intra assay
performance were to 12.0% and 3.1% to a-MSH, 19.0% and 2.7% to NPY, 18.1%
and 4.6% to AgRP, and 21.9% and 2.8% to MCH. After the analyses, anorexigenic
ratio a-MSH/AgRP and a-MSH/NPY were calculated. The cutoff for hyperleptinemia

used were 24 ng/ml for girls and 20 ng/ml for boys [20].

2.4 Interdisciplinary weight-loss therapy

Clinical Therapy with endocrinologist

The clinical treatment was based on a family history and physical
examination with control in any health problems that the adolescent developed during
the therapy. General health and clinical indicators were monitored at least once per

month by a physician.

Nutritional Therapy

The nutritional therapy was conducted by adjusting individual energy intake
and providing nutritional education in group sessions. Daily energy intake was
individually calibrated (every month) according to recommendations for adolescents
with low levels of physical activity, considering age and gender. The distribution of
macronutrients was: fat (25-35%), carbohydrate (45-65%) and protein (10-30%) [21].
The adolescents received 1-hour nutritional education session every week, addressing
different topics related to healthy eating habits such as the food pyramid, weight loss,
high fat diets, food labels, light foods, choices on special occasions. The adolescents
did not use supplementations or drugs that could alter appetite during the

intervention.
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Psychological Therapy

Collective psychological sessions were organized once a week (one hour).
Themes around psychological problems that are commonly associated with obesity
such as depression, body image disturbance, anxiety and lower self-esteem were

addressed during the sessions.

Exercise Protocol

The physical intervention consisted in 3 exercise sessions per week, each
composed of 30 minutes of aerobic training plus 30 minutes of resistance training, as
recommended by the American College of Sports Medicine guidelines [22].

The aerobic training included walking or running on treadmill (LifefitnessTM
- Belmont Avenue; Franklin Park, IL, USA) or cycling on an ergometer. The exercise
intensity was individually set between the adolescents’ first and second ventilatory
thresholds (£ 4 bpm), previously determined during oxygen uptake test. The intensity
was controlled during the session using heart rate monitors. Resistance sessions were
performed in three sets and conducted on the principal muscle groups. The load of
exercise was adjusted after 2 weeks of familiarization and then every eight weeks.
The inversely proportion between volume and intensity was applied during each
session. When the number of repetitions decreased (15 to 20, 10 to 12 and 6 to 8) the
load was increased. The time-interval between sets and series did not change during
the protocol. The adolescents were instructed and supervised by exercise
physiologists during every session and encouraged to alternate the order of realization

between aerobic and resistance exercises at each session.
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Physiotherapy

One-hours group physiotherapy sessions were conducted once a week by a
certified physical therapist, addressing global postural reeducation, diaphragmatic
breathing, hydrotherapy, isostretching and balance. Individual sessions were also

performed when needed (in case on injuries or pain for instance).

2.5 Statistical Analysis

Statistical analysis was performed using STATISTICA software version 7.0
for Windows. Kolmogorov-Smirnov test was applied to verify the data normality.
Parametric data were expressed as mean + SD and non-parametric data were
normalized by Z-score. The effects of intervention were analyzed by General Linear
Model for repeated measures. The test Generalized Linear Model (GLzMM) was
used with Gama distribution was applied to compare absolute delta variables among
the groups. The choice of distribution considered was based on parsimony between
the exploratory analysis of histograms and the balance of good fit Akaike information
criterion (AIC) and Bayesian information criterion (BIC). Multiple Linear Regression
analyses were performed to estimate the association between variables with
significance correlation. Significance was set as p<0.05. The sample size of 108

volunteers was defined using the G*Power®

3.0.10 program, considering the
statistical analyses realized based on the magnitude of weight loss, two group and two

times of intervention (baseline and after one year of treatment to weight loss).

3. Results

The weight loss therapy was completed by 108 adolescents then divided for

analysis into two subgroups based on their degree of weight loss.
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Difference data at baseline between groups

At baseline, the comparison between groups present no significant difference
regarding body composition variables (weight, BMI, body fat - % and kg; and FFM -
% and kg) and adiponectin levels. The anorexigenic ratio (a-MSH/NPY and o-
MSH/AgRP) also presented no difference between groups at baseline. On the other
hand, a statistically significant difference was found at baseline for of the
anorexigenic and orexigenic neuropeptides. Alpha-MSH, anorexigenic neuropeptides
and NPY, AgRP and MCH orexigenic neuropeptides values were higher in the LWL

group. Leptin levels were significantly lower in the LWL group (Table 1).

Effects of weight loss therapy considering the whole sample

As detailed in Table 1, the one year interdisciplinary weight loss therapy
promoted a significant decrease in body weight (from 104.1£16.8 to 95.1+17.2 kg,
p<0.001), BMI (from 36.6£5.1 to 33.1+5.2 kg/m?, p<0.001), body fat (from 45.6+6.8
to 38.7+8.0%, p<0.001 and from 47.5£11.9 to 37.3=11.0 kg, p<0.001) and
improvement in FFM (from 54.4+6.7 to 61.3+8.0%, p<0.001 and from 56.4+9.5 to
57.7£9.9 kg, p<0.001).

When the orexigenic neuropeptides were analyzed, only AgRP presented a
significant increase after one year (from 0.9+1.2 to 1.3+1.7 ng/ml, p=0.008). Alpha-
MSH (anorexigenic neuropeptide) significantly decreased at the end of the program
compared with baseline (from 1.3£0.8 to 1.1+0.7 ng/ml, p=0.02). A significant

reduction in leptin was found (from 43.5£26.1 to 29.1£20.4 ng/ml, p<0.001).
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Lower weight loss effects (<10%) for adolescents with obesity

The LWL sample showed significantly reduced MCH (from 5.8+2.8 to 4.9 to
2.3 ng/ml, p=0.003) and o-MSH (from 1.6+£0.9 to 1.2+0.7 ng/ml, p<0.001)with
increased AgRP (from 1.2+1.4 to 1.7£1.8 ng/ml, p=0.002). The anorexigenic ratio o-
MSH/NPY (from 0.9+0.7 to 1.2+1.3, p=0.03) was significantly increased. The leptin
concentration was significantly reduced (from 39.5+£27.1 to 32.4+£22.5 ng/ml, p=0.04)

(Table 1).

Higher weight loss effects (=10%) for adolescents with obesity

None of the neuropeptides under study were significantly modified by the
intervention and the leptin concentration was significantly reduced (from 52.6+21.5
to 21.8€12.4 ng/ml, p<0.001) (Table 1). Hyperleptinemia was close to normal for

girls (cutoff: 24 ng/ml) and for boys (cutoff: 20 ng/ml) in the HWL group only.
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Table 1. Descriptive data of body composition, anorexigenic and orexigenic parameters to all sample and on different groups of weight loss
magnitude in obese adolescents submitted to multidisciplinary therapy.

All (n=108) LWL HWL
<10% (n=68) >10% (n= 40)
Baseline Year P Baseline Year P Baseline Year P
Weight (kg) 104.1£16.8 95.1£17.2F  <0.001  103.2+18.8  99.1+18.6' <0.001 105.5+13.0 88.3+11.97 <0.001
BMI (kg/m?) 36.6%5.1 33.1£5.21 <0.001  36.00£5.1  34.3+5.2f <0.001 37.5+5.0 31.2+4.7 <0.001
Body fat (%) 45.6+6.8 38.7+8.0° <0.001 44.7+7.0 40.1+7.2° <0.001 47.0+6.2 36.3+8.8" <0.001
Free fat mass (%) 54.4+6.7 61.3£8.0° <0.001 55.2+7.0 59.9+7.2 <0.001 53.2+6.1 63.8+8.9" <0.001
Body fat (kg) 47.5+11.9 37.3£11.07  <0.001  46.6£12.8  40.2+12.07 <0.001 49.4+10.2 32.2410.5° <0.001
Free fat mass (kg) 56.449.5 57.9+9.9% <0.001  56.7£10.5  58.8+10.6' <0.001 55.8+7.4 56.1+8.5 0.69
a-MSH (ng/ml) 1.340.8 1.1+0.7% 0.02 1.6+0.9 1.2+0.7% <0.001 0.9+0.6* 0.9+0.5 0.95
MCH (ng/ml) 5.3+2.8 4.842.3 0.31 5.8+2.8 4.9+2 3" 0.003 4.242.5% 4.542.1 0.37
AgRP (ng/ml) 0.9+1.2 1.3+1.7 0.008 1.2+1.4 1.7+1.8" 0.002 0.5+0.5% 0.5+0.6 0.78
NPY (ng/ml) 1.7+1.4 1.5+1.9 0.44 2.0£1.5 1.8+2.4 0.32 1.1+0.8% 1.120.5 0.82
Leptin (ng/ml) 43.5+26.1 29.1+20.47  <0.001  39.5+27.1 = 32.4+22.5% 0.04 52.6£21.5% 21.8+12.47 <0.001
a-MSH/AgRP 2.1£1.2 1.942.3 0.46 1.9+1.2 1.5+1.1 0.68 2.3+1.1 2.5+3.5 0.71
a-MSH/NPY 1.0+£0.9 1.1x1.3 0.78 0.9+0.7 1.2+1.3 0.03 1.0+1.2 0.8+1.2 0.18

Data represented by Mean + Standard deviation. *Significant difference at Baseline compared to LWL. P values were expressed at table to compared Baseline vs. Year in the same group.
TSignificant difference between Baseline and Year to same group. GLM measure repeated. BMI: Body Mass Index. MCH: Melanin-concentrating hormone; AgRP: agouti-related peptide;
NPY: neuropeptide Y; a-MSH: alpha-melanocyte-stimulating hormone. Cutoff to hyperleptinemia state for girls: 24 ng/ml and for boys 20 ng/ml.
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Comparison of magnitude of weight loss after one-year interdisciplinary treatment in
LWL and HWL groups

The <10% (LWL)group showed lower body weight (LWL: -4.2+4.6 kg;
HWL: -17.1£5.5 kg, p<0.001) and body fat (LWL: -4.6+4.5%; HWL: -10.8+£5.5%,
p<0.05) variations between baseline and the end of the intervention compared with
the HWL (>10%) sample, with a significantly higher FFM delta (LWL: 4.6+4.5%;
HWL: 11.8+8.8%, p<0.001).

The delta of a-MSH levels (p=0.006) was significantly lower in the LWL
compared with HWL groups. Regarding orexigenic variables, the AgRP (p<0.001)
and NPY (p=0.004) variations were significantly higher in the LWL sample. The
leptin delta values were significantly higher in group with >10% weight loss
(p<0.001) (Figure 2). The a-MSH/AgRP (p=0.01) ratio and a-MSH/NPY (p=0.004)
ratio deltas were significantly lower in the LWL compared with HWL groups (Figure

3).
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Figure 2. Comparison between deltas of a-MSH, MCH, AgRP, NPY and Leptin by LWL and HWL groups.
Data represented by Mean + Standard deviation. *significant difference to <10% group. Generalized Linear Model
(GLzMM). MCH: Melanin-concentrating hormone; AgRP: agouti-related peptide; NPY: neuropeptide Y; a-MSH:
alpha-melanocyte-stimulating hormone. Cutoff to hyperleptinemia state for girls: 24 ng/ml and for boys 20 ng/ml.
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Figure 3. Comparison between deltas of a-MSH/AgRP ratios and a-MSH/NPY rario by LWL and HWL
groups. Data represented by Mean + Standard deviation. *significant difference to <10% group. Generalized

Linear Model (GLzMM). AgRP: agouti-related peptide; NPY: neuropeptide Y; a-MSH: alpha-melanocyte-
stimulating hormone.

Multiple Linear Regression Analyses

Whole sample multiple linear regression analysis was undertaken to
investigate energy balance factors and weight loss that influence body fat loss. The

analyses showed that behavior of some energy balance variables, represent by delta
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values of a-MSH and leptin and delta of body weight, can explain the body fat loss

(Table 2).

Table 2. Linear multiple regression for determinants of change in the body fat
(%) in the entire group.

Confidence interval

95.0 %
Lower Upper
B coefficient P Limit Limit
A Body weight (kg) 0.48 5.80  <0.001* 0.19 0.39
A a-MSH (ng/ml) -0.28 -3.70  <0.001* -2.66 -0.80
A Leptin (ng/ml) 0.30 3.57 <0.001* 0.03 0.09

As a product of multiple linear regression, an equation was generated to try
to explain numerically the influence of A body weight, A a-MSH and A leptin in

percentage of body fat modulation:

Y =-14.01 + (0.28 x A Body weight) + (-1.72 x A 0-MSH) + (0.06 x A Leptin)

The equation presents the values of each variable X were attributed,
showing that the variation of 1 unit of A body weight and A leptin resulted in an
increase of 0.28 and 0.06 of body fat mass percentage and variation of 1 unit of A a-

MSH decrease 1.72 of body fat mass percentage.

4. Discussion

While decreased body weight is the main objective of interdisciplinary
weight-loss interventions, there is a clear need to better identify and optimize their
effects on the physiological pathways regulating energy balance in order to maintain

their benefits over the long term. In that context, the present study questioned the
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effects of such an intervention on the main adipocytokines and appetite-regulating
hormones, depending on the degree of weight loss, in adolescents with obesity.
According to our results, a weight loss >10% of the adolescents’ initial body weight
favors a significant decrease in leptin concentrations almost reaching normal
physiological values by the end of the intervention. Similarly, a decrease in the delta
of orexigenic factors NPY and AgRP and an increase in the delta of a-MSH levels
were observed in the HWL group, while, on the opposite, a significant reduction in a-
MSH and increase in AgRP levels, being respectively anorexigenic and orexigenic

neuropeptides, were observed in the LWL group only.

Although our results missed to show any differences for body composition at
baseline, it is important to note that some of the studied energy balance factors were
statistically different between groups. This is of interest since Kravchychyn et al. [§]
previously underlined showed the determinant role of high levels of a-MSH at
baseline in the down- and up-regulation of orexigenic and anorexigenic variables,
respectively. It should be noted that at baseline the different values of a-MSH were
not accompanied by different levels of orexigenic neuropeptides (NPY and AgRP)
and that after treatment the weight loss was similar between groups (HWL and
LWL), suggesting a-MSH as an independent factor in weight loss therapy. In the
present study, we observed that when the individuals were separated into two groups
according to magnitude of weight loss following the intervention, the orexigenic and
anorexigenic neuropeptide levels were different between groups at baseline but with
hyperleptinemia occurring in both groups.

It was observed that with a weight loss <10% there was greater instability in
the orexigenic and anorexigenic factors related to appetite than in the group with

>10% weight loss, who had a more significant variation post treatment compared to
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baseline. The levels of a-MSH declined after treatment and AgRP levels were higher
compared to baseline in the LWL group, a result not favorable to serum stabilization
of these hormones. In contrast, in the HWL group there was only a slight variation in
these variables accompanying the reduction in leptin levels, suggesting that the
control of neuroendocrine factors promotes their stability. Importantly, it must be
noted that leptin concentrations were different at baseline and hyperleptinemia was
present in both groups; however, unlike in the HWL group, levels of leptin in the
LWL group were not close to normal by the end of the program, reinforcing the key
role of this hormone in the long-term regulation of the whole energy balance and

homeostasis (Figure 4).

]

Hyperleptinemia ——|

Adipocytes

<10%

Unfavorable
MCH (A)

: .

= Adipocytes Leptin—— a-MsH 4=
A a-MSH/NPY
a-MSH/AgF
=3 - A a-MSH/AgRP
Favorable AgRP
_ MCH (B)

Figure 4. (A) Neuropeptides concentrations associated to hyperleptinemia state causing the
unfavorable energy balance control to homeostasis in adolescents with weight loss lower than 10%
post treatment. (B) Neuropeptides concentrations associated to leptin medium levels causing the
favorable energy balance control to homeostasis in adolescents with weight similar or higher than 10%
post treatment.

The antagonism between AgPR/NPY and a-MSH is well described in the
literature. This is orchestrated by the hormones ghrelin and leptin signaling the

arcuate nucleus (ARC) and promoting orexigenic and anorexigenic responses,
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respectively [6,23]. The role of leptin as a mediator of the long-term regulation of
energy balance, suppressing food intake and thereby inducing weight loss seems to be
clear in both groups. When hyperleptinemia was reversed in the HWL group, the
concentrations of AgPR, NPY and a-MSH and the changes in these levels promoted
by the treatment (A) showed a physiology closer to that expected to a normal signs of
hunger and satiety.

In fact, hyperleptinemia is commonly observed in adolescents with obesity,
Foschini and collaborators [24] observed a prevalence of about 26% of this state in a
similar population. It is also a predictor of significant low a-MSH, which increased
only after substantial weight loss, corroborating our present data [24].

Our results reinforce the relationship between leptin and the control of energy
balance recently reported by Corgosinho et al. [5], with the suggestion that leptin
receptor polymorphism affects the neuroendocrine regulation of energy balance
among adolescents with obesity. The C-allele carriers also presented hyperleptinemia
and statistically higher levels of orexigenic neuropeptides, including NPY, AgRP and

MCH, leading to impairment in the weight loss.

This study also aimed to investigate which adipocytokines and hormones that
affect appetite can influence body fat loss responses. As far as we know, this is the
first study to demonstrate that variations in both a-MSH, leptin and body weight, can
influence the reduction of body fat in adolescents with obesity. These results
reinforce the importance of these energy balance factor variations in modulating the
clinical prognosis of the control of body fat. This supports the idea that ideally BMI
measurement should be accompanied by fat measures because of the strong
association between body fat percentage and comorbidities of obesity, such as insulin

resistance and cardiovascular diseases [2].
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The numerical model developed in this study and described above can express
the process of neuroendocrine axis normalization with weight loss and body fat loss.
A positive B coefficient to the delta of weight and leptin involves a proportional
relationship between the variables. It is expected that a person in the process of
weight loss will reduce her percentage of body fat and down-regulate leptin levels to
promote hypothalamus response sensitivity. On the other hand, a negative f
coefficient of the delta of a-MSH suggests an inverse ratio with body fat loss. As the
percentage of fat decreases, the anorexigenic pathways respond to leptin signals and
control antagonistic signals to the orexigenic pathways.

The inverse relationship found between o-MSH and body fat can be
elucidated not only for the leptin sensibility in the hypothalamus and anorexigenic
effects. Alpha-MSH affects the adipose physiology and plays role in thermal
regulation and improvements of energy expenditure [25,26,27]. In animals and
humans, obesity can be associated with mutations in POMC and MC4R
(melanocortin-4 receptor) reflecting the alterations in adiposity present without
stimulating the anorexigenic pathways [28,29].

The results of the present work must be considered in light of some
limitations. First, subdividing our sample into two subgroups by the end of the
intervention reduces the sample size. Additional key variables would have been
interesting and important to measure such as basal metabolic rate or food
consumption (quantitative and qualitative) for instance. Including a lean control
group would have also been interesting. These methodological limitations call for

further studies.

5. Conclusion
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The weight loss degree generate by an interdisciplinary therapy was
associated with the serum responses of Leptin, a-MSH, NPY and AgRP, hormones
involved in energy balance that influence the control of hunger and satiety in
adolescents with obesity. Therefore, weight loss of less than 10% of initial body
weight seems to be unfavorable to a reversal of hyperleptinemia state and
stabilization of the main serum anorexigenic and orexigenic neuropeptides which can
result in the weight cycling effect. In addition, we were able to produce a prognostic
mathematical model applicable in clinical practice to forecast possible body fat loss

using body weight, leptin and a-MSH variations.
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Abstract

Purpose: The aim of the present study was to analyze the association between
Dietary Inflammatory Index (E-DII) scores and serum concentrations of
adipocytokines and hormones that affect appetite in adolescents with obesity engaged
in long-term interdisciplinary therapy. Methods: Fifty post-pubertal adolescents with
obesity of both genders aged 14 to 19 years old were classified according to whether
there was an increase (> E-DII; n=30) or decrease (< E-DII; n=20) in their E-DII
scores after one year of interdisciplinary weight loss therapy (comprising medical
screening, nutrition advice, psychological support, physical education and
physiotherapy). The 3-day dietary nonconsecutive record was applied to estimate
energy, macro and micronutrient intake and calculate the DII scores. At baseline and
post intervention body composition and plasma levels of leptin, adiponectin and
neuropeptides (aMSH, MCH, NPY and AgRP) were measured. Significance was set
as p<0.05. Results: In both groups we observed reductions in body weight and body
fat and improvements in FFM. Leptin levels were reduced in both groups while
adiponectin values increased only in the <E-DII group. Serum neuropeptides levels,
anorexigenic and orexigenic ratios did not change after treatment in the >E-DII
group, but to <E-DII group there was a significant reduction in aMSH, MCH and
NPY levels and an increase in the anorexigenic ratio aMSH/NPY. A negative
correlation was found between ASFAs with AaMSH/AgRP (All: r=-0.35; p=0.01;
<E-DII: r=-0.40; p=0.03), ANPY/AgRP and AMUFAs (All: r=-0.33; p=0.01; <E-DII:
r=-0.43; p=0.02) and PUFAs(All: r=-0.31; p=0.02; <E-DII: r=-0.37; p=0.04).
Conclusion: In the group who had a decreased E-DII score after long-term
interdisciplinary weight loss therapy, there was also a decrease in orexigenic
neuropeptides and an increase in the anorexigenic ratio, resulting in a more favorable
scenario for controlling weight and food intake, as well as an improvement in the

proinflammatory state.
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1. Introduction

Socioeconomic, geographical, political, and technological changes over recent
decades have resulted in changes in work patterns, leisure and physical activities, and
the relationship of the population with food. These factors have contributed to
changes to the morbidity and mortality profile in many countries, characterized by
demographic, epidemiological and nutritional transitions (WHO, 2015). One of the
consequences of these changes is obesity, which is among the top five global
mortality risks, and has an alarming and rising prevalence (Maffetone et al., 2017).

The main symptom of obesity is increased adipose tissue. It was until
relatively recently thought that this tissue was just an energy store. However, it is
now known that adipose tissue is a secretory organ able to synthesize and secrete a
large number of factors collectively known as adipokines. These control energy
balance processes, insulin sensitivity, angiogenesis, vascular protection, blood
pressure regulation and coagulation, besides expressing receptors that respond to
afferent signals of hormones and the central nervous system (Fuqua and Rogol, 2013;
Morton et al., 2013; Damaso 2009). Among these adipokines, leptin (LEP) influences
the hypothalamic signs of satiety and energy balance modulation. This hormone
stimulates the anorexigenic pathways through the central production of cocaine and
amphetamine-regulated transcript (CART) and pro-opiomelanocortin (POMC), the
main precursor of alpha-melanocyte stimulating hormone (a-MSH). In an
antagonistic way, LEP inhibits orexigenic pathway expression, responsible for the
sensation of increased hunger, represented by Neuropeptide Y (NPY) and Agouti-
Related Protein (AgRP). Therefore, LEP can reduce food intake, increase energy
expenditure and control glucose and fat metabolism (Bischoff et al., 2012; Vendrell et

al., 2004).
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In individuals with obesity, higher serum LEP concentrations can generate
hypothalamic resistance to the appetite controlling action of this hormone,
characterized by a state of hyperleptinemia and an increased inflammatory response
(Sanches et al., 2014b; Damaso et al., 2011). In addition, the intake of processed
foods and saturated fats has an important role in the genesis of obesity, generating
hypothalamic inflammation and consequently decreasing the hypothalamus's positive
response to LEP and to satiety signals (Milanski et al., 2009). Studies indicate that
hyperlipidic diets may be responsible for triggering mechanisms involved in the
inflammatory process in the hypothalamus (Dragano et al., 2017; Hotamisligil, 2010;
Milanski et al., 2009). Inversely, adiponectin, another adipokine whose concentration
is inversely correlated with the proportion of fat mass, has been described as an anti-
inflammatory actor that can be modulated by the quality of an individual’s diet.
Unfortunately, obesity, metabolic syndrome (MetS) and hyperleptinemia lead to a
reduction in this hormone (Masquio et al., 2015; Damaso et al., 2011).

In Brazil, data from the Brazilian Institute of Geography and Statistics (IBGE)
show that there has been an increase in overweight and obesity, which has been
associated with an increase in calorie intake from the growing consumption of
processed foods, soda drinks, cookies and sausages, in addition to greater sedentary
behavior, reaching about 45.9%, and especially common in adolescents (IBGE,
2010).

The analysis of food intake quality is, therefore, important, because specific
components in the diet can modulate inflammation and oxidative stress, altering the
adipokine expression that influences energy balance factors and thus, through their
pathophysiology, favors the development of components involved in the genesis of

obesity. In this context, new tools for analyzing the quality and quantity of food
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intake have emerged, such as the Dietary Inflammatory Index (DII) (Shivappa et al.,
2017a; Shivappa et al., 2014).

The aim of the present study was, therefore, to analyze the association
between DII and serum concentrations of adipocytokines and hormones that affect

appetite in adolescents with obesity engaged in a long-term interdisciplinary therapy.

2. Materials and Methods

2.1 Population

A total of 148 adolescents with obesity were submitted to an interdisciplinary
therapy program that comprised clinical assessment, nutritional advice, physical
activity, physiotherapy and psychological support for one year. The volunteers were
of both genders and aged between 14 and 19 years old. The inclusion criteria were:
being stage five according to Tanner’s classification (Tanner and Whitehouse 1976);
and having a BMI > 97th percentile of the WHO reference growth charts. Non-
inclusion criteria were: the use of birth control pills, cortisone, anti-epileptic drugs,
and a history of renal disease, alcohol intake, smoking, and secondary obesity due to
endocrine disorders.

Only 108 of the adolescents completed the treatment program, the main
reasons for dropping out being financial and family problems, followed by school and
job opportunities. After therapy, only 50 adolescents could be classified using the
Dietary Inflammatory Index (E-DII) due to failures in keeping a 3-day
nonconsecutive dietary record. Data were collected between 2010 and 2012.

The protocol was approved by the Ethics Committee on Research at the
Universidade Federal de Sao Paulo-UNIFESP/Escola Paulista de Medicina
(#0135/04), registered Clinical Trials: NCT01358773 and conducted according to the
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principles of the Declaration of Helsinki. The volunteers or their legal representative
signed the written consent form and received all necessary information about the

study.

2.2 Study protocol

Initially, the inclusion criteria were verified by an endocrinologist and the
anamnesis was applied by the researchers to ensure the ability of the participants to
complete the whole study. Post initial selection, the adolescents underwent an
electrocardiogram, body composition analysis, blood analysis and then started the
interdisciplinary therapy which included clinical assessment, nutritional advice,
psychological support, physiotherapy and exercise training. After completing 1 year
of therapy, the volunteers repeated the initial clinical evaluations and were divided in
groups according to whether they had an increase or decrease in their DII score

(Figure 1).
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Ethical Committee

Post-pubertal Tanner
Stage 2V

BMI >97'h percentile

14 to 19 years

Exercise electrocardiography (ECG)

Body composition

Blood collection

148 participants

One year of interdisciplinary treatment

Medical Screening
Once a month

Nutritional
intervention
Once a week — 1 hour

Physiotherapy
intervention
Once a week — 1 hour

Physical exercise
3x/week — 1 hour

Psychological
intervention
Once a week — 1 hour

Dropout 27%

108 participants — post 1 year

Grouped by increase and decrease in E-DII

» Dropout by limitations in 3-day
dietary nonconsecutive record

54%

> E-DII (n=20)

<E-DII (n=30)

Figure 1. Design of study

Anthropometric Measurements and Body Composition

Weight (Filizola® scale to the nearest 0.1 kg) and height (Sanny®, model ES

2030 to the nearest 0.5 cm) were measured and the body mass index (Body weight

(kg) / height (m)?*) was calculated. Air displacement plethysmography in a BOD

POD® body composition system (version 1.69; Life Measurement Instruments,

Concord, CA) was used to generate the body composition variables: body fat (BF)

and free fat mass (FFM).
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Blood Serum Analysis

After a 12-hour overnight fast, blood samples were collected to determine
leptin, adiponectin, serum neuropeptides: alpha-melanocyte stimulating hormone (o-
MSH), melanin-concentrating hormone (MCH), agouti-related protein (AgRP) and
neuropeptide Y (NPY). The anorexigenic ratios o-MSH/NPY and o-MSH/AgRP, and
the orexigenic ratio NPY/AgRP were calculated after the analyses. These blood
sample were measured by enzyme-linked immunosorbent assay (ELISA) kit from
R&D Systems (Minneapolis, MN, USA). Inter and intra assay %CV were 12.0% and
3.1% for a-MSH, 19.0% and 2.7% for NPY, 18.1% and 4.6% for AgRP, and 21.9%

and 2.8% for MCH, respectively.

2.3 Interdisciplinary therapy

Clinical approach

General health and clinical indicators were monitored at least once per
month by an endocrinologist. The medical screening consisted of physical
examination to determine whether the individual met the inclusion and exclusion

criteria, family history and interventions in any comorbidities of obesity.

Nutritional Therapy

The nutritional therapy was conducted by individual assessment and the
nutritional education by group session. Once a week, the adolescents received
nutritional lessons with main topics such as the characteristics of nutrients, diet and
light foods, weight loss diets, choices to eat on holidays, weekends and celebrations,

food labels and other topics related to obesity and daily eating behavior. Once a
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month, in the individual sessions, the distribution of macronutrients was fat (25-
35%), carbohydrate (45-65%) and protein (10-30%) and a hypocaloric diet was
prescribed according to age and gender, reducing caloric intake by between 300 and
500kcal/day (NCR, 2001). No pharmacotherapies, supplementation or antioxidants
were prescribed for all volunteers.

At baseline and after therapy, the 3-day dietary nonconsecutive record was
applied to estimate energy, fiber, macro and micronutrient intake and glycemic load.
After therapy, the DIETSMART® program was used to analyze dietary intake and
establish nutrient intake to calculate the Dietary Inflammatory Index per 4,184 kJ
(1000 kcal) (E-DII) of food consumed (Shivappa et al., 2017a). Lower values indicate
an anti-inflammatory diet and higher values represent a pro-inflammatory diet
(Shivappa et al., 2014). Twenty-four nutrients were used to calculate the E-DII score:
carbohydrate, protein, cholesterol, saturated fat (SFAs), mono-unsaturated fat
(MUFAs), poly-unsaturated fat (PUFAs), omega3, omega6, fiber, niacin, thiamin,
riboflavin, vitamins (A, B12, B6, C, D, E), iron, magnesium, zinc, selenium, folic

acid, and beta-carotene.

Psychological Therapy
Collective psychological sessions were organized once a week covering
obesity-related topics such as depression, eating disorders, anxiety, decreased self-

esteem, and body-image disorders. Individual sessions were given when needed.

Exercise Protocol
The exercise program was performed three times per week and included 30

minutes of aerobic training plus 30 minutes of resistance training per session, in
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accordance with the American College of Sports Medicine guidelines (Donelly et al.,
2009).

The aerobic training consisted of walking/running on a motor-driven treadmill
(LifefitnessTM - Belmont Avenue; Franklin Park, IL, USA) or cycling at a cardiac
frequency intensity between ventilatory threshold 1 and 2 (£ 4 bpm), according to the
results of an initial oxygen uptake test for aerobic exercise. Resistance training was
prescribed to main muscle groups and the load of exercise was adjusted after two
weeks for adaptation to the movement and minimum initial load. The load was
adjusted each eight weeks. The inverse proportion between volume and intensity was
applied on three different days per week, with the number of repetitions being
decreased (20 to 15, 12 to 10 and 8 to 6) and the load increased. The volunteers
performed three sets for all muscle groups. The subjects were instructed to reverse the
order of the exercises (aerobic and resistance) at each training session and all sessions

were rigorously supervised by an experienced physiologist.

Physiotherapy

The physiotherapy therapy was conducted by a certified physical therapist in
group weekly sessions dealing with global postural reeducation, isostretching,
diaphragmatic breathing, hydrotherapy, balance, and stretching. If the patient had any

injuries, individual assessments were also performed.

2.4 Statistical Analysis

Statistical analysis was performed using STATISTICA software version 7.0
for Windows. Data normality was verified with the Kolmogorov—Smirnov test.

Parametric data were expressed as mean + SD, while variables that did not have a
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normal distribution were normalized by z-score. Comparisons between measurements
before and after intervention were performed using the General Linear Model for
repeated measures. The delta values (A) were calculated by ratio between post and
baseline variables. The test Generalized Linear Model (GLzMM) was used with
Gamma distribution applied to compare absolute delta variables among the groups.
The choice of distribution considered was based on parsimony between the
exploratory analysis of histograms and the best balance good fit Akaike information
criterion (AIC) and Bayesian information criterion (BIC). Pearson’s correlation was

performed. Significance was set as p<0.05.

3. Results

The weight loss therapy was completed by 50 adolescents who were then
grouped according to whether there was an increase (>) or decrease (<) of E-DII: < E-

DII (n=30) and > E-DII (n=20).

Differences in data at baseline between groups

At baseline, the comparison between groups presented no significant
differences regarding anthropometric, body composition variables (weight, BMI,
body fat (% and kg) and FFM (% and kg), anorexigenic and orexigenic
neuropeptides, anorexigenic ratio o-MSH/NPY and a-MSH/AgRP, and orexigenic
ratio NPY/AgRP (Table 1). For initial food intake variables, glycemic load and E-

DII, no differences at baseline were found either (Table 2).
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Effect of interdisciplinary therapy on the body composition variables for the two
groups
Body weight and body fat reduced and FFM increased in the <E-DII and >E-

DII groups. However, the BMI presented a reduction only in the <E-DII group.

Effect of interdisciplinary therapy on the energy balance and inflammatory variables
for the two groups

In the >E-DII group, there was a reduction in leptin values while the
adiponectin levels, serum neuropeptides (aMSH, MCH, NPY and AgRP) and
anorexigenic and orexigenic ratio did not change after treatment.

The reduction in leptin levels was also observed in the <E-DII group.
Moreover, in this group, increased adiponectin serum values were observed. In
respect of serum neuropeptides, there were significant reductions in the values of
oaMSH, MCH and NPY. Despite the reduction in the values of aMSH, an increase in
the anorexigenic ratio aMSH/NPY was found (Table 1). In relation to delta values,
there was only a difference in BMI between the groups. In the >E-DII the delta was

higher compared to the <E-DII group (Table 1).
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Table 1. Descriptive data and comparison of baseline and post-intervention body composition, anorexigenic
and orexigenic parameters in the >E-DII and <E-DII groups.

> E-DII (n=20) < E-DII (n=30)

Baseline After P Baseline After P 8
Body weight (kg) 103.5+£17.4 92.6+16.7° 0.00 101.1+14.9  90.7+13.5" 0.00 0.43
BMI (kg/m?) 34.9+4.2 32.7+4.4 0.10 36.2+£5.2 32.1+4 .47 0.00 0.00
Body Fat (%) 43.7£7.2 35.3+£9.2f 0.00 46.1+6.5 39.6+7.97 0.00 0.90
FFM (%) 56.4+£7.4 64.6+9.17 0.00 53.9+6.5 58.4+13.6" 0.01 0.34
MCH (ng/ml) 3.4+1.5 3.5£1.0 0.79 4.7£2.8 3.7+1.17 0.03 0.29
oMSH (ng/ml) 0.8+0.5 0.8+0.4 0.95 1.2+0.9 0.9+0.5° 0.02 0.86
AgPR (ng/ml) 0.6+0.7 0.6+0.8 0.83 1.2£1.9 1.3£1.7 0.55 0.21
NPY (ng/ml) 1.5+1.9 1.4£1.5 0.71 1.6£1.3 1.1£0.57 0.00 0.34
Adiponectin (ng/ml) 6.0£7.1 7.4+6.5 0.33 8.3£7.9 10.5+10.2° 0.05 0.81
Leptin (ng/ml) 42.9421.9 26.5+£18.2° 0.00 40.7+16.1 29.8+12.57 0.00 0.09
oMSH/AgRP ratio 1.9+0.9 1.8+0.7 0.92 1.7+0.9 2.34+4.1 0.34 0.07
oMSH/NPY ratio 0.8+0.8 0.9+1.4 0.67 1.0+0.8 1.4+2 .47 0.05 0.14
NPY/AgRP ratio 3.443.2 3.3£2.4 0.94 2.8+£2.6 4.3+10.1 0.27 0.63

" Difference to baseline compared to after therapy in the same group.

Effect of interdisciplinary therapy on the dietary intake variables and E-DII for the
two groups

In both groups, there was a reduction in energy intake, carbohydrates, lipids,
saturated, mono and poly fats. There was a reduction in the glycemic load and fiber
intake only in the >E-DII group. Although significant differences for fiber
consumption before and after the intervention were not found in the <E-DII group,
the final consumption values were significantly higher when compared to the final

consumption of the > E-DII group. When deltas were compared for these variables,
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only protein consumption was different between groups, the delta being higher for the

> E-DII group (Table 2).

Table 2. Descriptive data and comparison of baseline and post intervention dietary intake in the >E-DII
and <E-DII groups.

> E-DII (n=20) < E-DII (n=30)

Baseline After P Baseline After P

Energy Intake (kcal)  1671.3+504.4 1164.3£358.5"7 0.00  1728.7+617.7 1214.3+476.17 0.00 0.82

Carbohydrate (g) 212.7£79.2  154.8+56.9"  0.00  205.1%61.9 158.2+48.9"  0.00 0.40
Protein (g) 80.6+33.5 56.9+24.4"  0.02 75.9+38.1 61.4£33.5  0.09 0.02
Lipids (g) 58.6+22.7 36.9+13.8"  0.00 66.5+33.4 36.9£22.9"  0.00 0.51
SFAs (g) 16.1£6.5 11.6+4.9 0.05 21.9412.3 12.9+7.8"  0.00 0.58
MUFAEs (g) 14.8+7.9 8.6+4.2" 0.02 18.1+11.8 9.9+7.2 0.00 0.60
PUFAs (g) 8.6+4.6 4.3+2.41 0.02 11.7+11.9 7.7£12.17  0.01 0.27
Glycemic Load (g) 71.2427.2 47.8+21.9 0.01 60.6+34.3 49.6x17.9  0.16 0.39
Fiber (g) 13.9+6.3 8.9+5.0 0.01 11.4+6.4 13.4+62F 021 0.53
E-DII 1.5+0.9 2.340.9f 0.00 2.8+1.1 1.0+1.0" 0.00 0.31

"Difference to baseline compared to after therapy in the same group. *Difference after therapy compared to >E-DII group.

Correlations between deltas of fat intake and serum neuropeptides

It was observed that changes (A) in fat intake were negatively correlated with
orexigenic and anorexigenic ratios for all the sample (Figure 2). The variation in
ASFAs were negatively correlated with AaMSH/AgRP (r=-0.35; p=0.01) (Figure
2A). Negative correlations were observed between ANPY/AgRP and AMUFAs (r=-

0.33; p=0.01) (Figure 2B) and APUFAs (r=-0.31; p=0.02) (Figure 2C).
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Figure 2. Correlations between fat intake and orexigenic and anorexigenic ratios for all

the sample.

4. Discussion
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The aim of present study was to analyze the association between E-DII scores

and serum concentrations of adipocytokines and hormones that affect appetite in

adolescents with obesity engaged in a long-term interdisciplinary therapy.

Interestingly, an increase in adiponectin levels and a decrease in serum NPY and

MCH levels were only found in the group with a decreased E-DII score. In the same

group, although the a-MSH levels decreased, the anorexigenic aMSH/NPY ratio was

increased.

To our knowledge, this is the first study to relate the variables involved in

energy balance with E-DII in adolescents with obesity submitted to interdisciplinary
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therapy. We have shown that patients with reduced E-DII scores increased the
relationship between anorexigenic and orexigenic variables. This result shows that a
reduction in the inflammatory profile of food intake generated a more favorable
scenario for the serum energy balance neuropeptides, an important change in relation
to reducing energy intake and preventing weight regain post treatment.

It is well established in the literature that increased adiposity alters
neuroendocrine control of hunger and satiety. One of the possible mechanisms for
this 1s hypothalamic alteration of responses to the action of LEP, negatively affecting
anorexigenic expression of neuropeptides such as aMSH, resulting in the orexigenic
pathways (NPY and AgRP) responsible for the sensation of hunger not being
efficiently inhibited (Corgosinho et al., 2017; Vehapoglu et al., 2016; Bischoff et al.,
2012).

Interestingly, in our data these changes in energy balance variables were
independent of the decrease in LEP; however, there was only a significant increase in
adiponectin levels in the group with decreased DII. The modulation of adiponectin is
an important strategy to be considered in the obese profile. This biomarker is an anti-
inflammatory adipokine that plays an important role in cardiovascular and glucose
homeostasis. Adiponectin is an insulin sensitizer that contributes to the delay and/or
prevention of insulin resistance and type II diabetes. It also exerts anti-atherosclerotic
effects via the inhibition of pro-inflammatory cytokines, such as tumor necrosis factor
alpha (TNF-0) and the stimulation of anti-inflammatory cytokines (Fuentes et al.,
2013; Molica et al., 2015). In fact, in previous studies by our group the data showed
that the deregulation in energy balance variables orchestrated by hyperleptinemia can
downregulate the adiponectin concentration. This may improve after weight loss

therapy reducing the proinflammatory state in adolescents with obesity.
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There are few studies of adolescent populations in relation to DII, especially
prospective studies. The HELENA study was the first to explore the association
between dietary inflammatory potential and low systemic inflammation among
European adolescents. The proinflammatory diet characterized by higher DII scores
was associated with increased levels of several inflammatory markers: TNF-q, IL-1,
IL-2, IFN-y and vascular cell adhesion molecule, which reinforces the fact that diet as
a whole plays an important role in modifying inflammation in adolescents (Shivappa
et al., 2017b). Recently, data published by our research group showed that reduced
DII scores were associated with reduced cardiometabolic risk in adolescents with
obesity post long-term interdisciplinary therapy. The data suggest that an anti-
inflammatory diet may be an effective strategy to prevent and treat obesity, metabolic
syndrome (MetS) and related comorbidities (Ferreira et al., 2019).

In addition, in the present study there was an important negative correlation
between the deltas of the serum neuropeptide ratio and lipid profile intake only in the
<E-DII group. This correlation can be explained by the process of hypothalamic
inflammation as a possible link between the energy balance and E-DII. Some studies
indicate that the consumption of hyper lipid diets may be responsible for the potential
mechanisms involved in the inflammatory process in the hypothalamus. It has been
reported that the connection between fatty acids and hypothalamic inflammation may
be related to toll-like receptor 4 (TLR4) activation and endoplasmic reticulum stress
(ERS) (Dragano et al., 2017; Hotamisligil, 2010; Milanski et al., 2009). The TLR4
receptor deletion can protect against the development of insulin and leptin resistance
and diet-induced obesity. On the other hand, TLR4 activation seems to be directly
linked to local inflammation by recognizing lipopolysaccharides (LPS) (Hotamisligil,

2010; Milanski et al., 2009).
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Additionally, a previous study demonstrated that saturated fatty acids activate
TLR4 signaling, a process that appears to generate ERS, suggesting that TLR4 is an
important mediator of hypothalamic dysfunction associated with the consumption of
a SAT fatty acid diet during obesity genesis. Moreover, diets with a high intake of
hyperglycemic and trans or saturated fatty foods, including sugary, refined and
consequently low-fiber foods, and low consumption of fresh foods such as fruits and
vegetables, alter intestinal permeability. This allows gram-negative bacteria and LPS
to permeate the gut, which activate the inflammatory cascade and the
pathophysiology of obesity (Minihane et al., 2015; Milanski et al., 2009).

In relation to PUFAs, Rogero and Calder (2018) reported in a literature review
that omega-3 fatty acids (EPA and DHA) have an anti-inflammatory effect, which
involves decreasing the activation of the TLR4 signaling pathway, an inverse action
of SFAs. The poly fatty acids have important implications for anti-inflammatory
factors, being positive for decreased insulin resistance and the risk of type II diabetes
and cardiovascular disease in obese people. In this context, our data showed an
important inverse correlation between orexigenic ratios and the consumption of
unsaturated fats and may be an important step towards the beginning of a more
detailed investigation.

For nearly a decade, studies have shown that E-DII has an important influence
on various diseases such as cancer and cardiometabolic disturbance (Fowler and
Akinyemiju, 2017; Shivappa et al., 2017a; Ruiz-Canela, Bes-Rastrollo and Martinez-
Gonzalez, 2016; Neufcourt et al., 2015). Shivappa et al. (2017a) showed in a meta-
analysis that individuals classified in the high E-DII category have a 40% increased
overall risk of developing colorectal cancer. Ruiz-Canela, Bes-Rastrollo and

Martinez-Gonzalez (2016) showed that the use of E-DII may be a recommended
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approach to wunderstand the relationship between diet, inflammation and
cardiometabolic diseases. The authors discuss consistent studies that showed direct
associations between E-DII and a higher risk of developing cardiovascular disease,
MetS, and overall mortality.

In this context, the SU.VI.MAX study by Neufcourt et al. (2015) that tracked
3726 participants for 12.4 years found that the odds for developing MetS were 39%
higher for participants on a pro-inflammatory diet compared with participants on an
anti-inflammatory diet.

The present study had some limitations such as the significant sample loss due
to the failure of many of the participants to complete the food diaries, the lack of a
lean control group; and the fact that the Brazilian database does not contain all 45
food parameters to properly calculate the E-DII. However, our data have an important
practical application because we were able to verify the association between variables
that are difficult to assess in clinical practice, such as the neuropeptides involved in
energy balance, and it should prove to be a promising instrument for health

professionals.

5. Conclusion

In conclusion, in the group that had a decreased Dietary Inflammatory Index
after long-term interdisciplinary weight loss therapy, there was also a decrease in
orexigenic neuropeptides and an increase in the anorexigenic ratio, characterizing a
more favorable scenario for weight control and food intake, as well as improvement
in the proinflammatory state. In addition, for the first time, orexigenic and
anorexigenic ratios were correlated with a variation in the consumption of saturated,

monounsaturated and polyunsaturated fats, showing a possible relationship between
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patterns of food intake, inflammatory adipokines and the neuroendocrine regulation

of energy balance.
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Consideracoes finais




7. CONSIDERACOES FINAIS

A obesidade ¢ uma doenca cronica, complexa e multifatorial que nos ultimos
tempos alcancgou relevantes propor¢des epidemiologicas mundiais em todas as faixas
etarias. Evidéncias cientificas das ultimas décadas alertam constantemente para a
gravidade do problema do aumento da prevaléncia dessa patologia, especialmente em
idade precoces, visto que a fisiopatologia da obesidade acarreta comorbidades que
aumentam a morbidade e mortalidade, além do grande percentual de criancas e
adolescentes que carregam a doencga para a idade adulta.

A desregulacdo neuroendocrina do balango energético € uma questdo
fisiopatologica importante a ser considerada, uma vez que sinais de fome e saciedade
sdo alterados com o aumento do tecido adiposo e estado inflamatério cronico de
baixo grau. Esse cenario contribui para o aumento do consumo calorico didrio,
gerando balanco energético positivo e alimentando um ciclo vicioso entre aumento da
ingestdo calodrica, gasto energético insuficiente € a manutencdo/agravamento de
fatores envolvidos na fisiopatologia da obesidade.

Nesse sentido, a busca por estratégias que promovam o controle da obesidade
pautados em sua complexidade e no entendimento de alteragdes fisiopatoldgicas sao
de grande valia, como ¢ o caso das terapias interdisciplinares. Desse modo,
considerando os principias achados dos artigos apresentados, foi possivel discutir
que:

- A terapia interdisciplinar de longo prazo se mostrou efetiva para perda de
peso, diminui¢ao do percentual de gordura e IMC e, aumento da massa muscular nas
trés diferentes perspectivas de analise dos aspectos neuroendocrinos do balango
energético discutidas nos artigos.

- As concentragdes séricas iniciais de a-MSH influenciaram respostas
orexigenas e anorexigenas apods terapia interdisciplinar de longo prazo. Os dados
apontaram que maiores concentragdes iniciais de a-MSH foram capazes de promover
melhor modulacdo de vias anorexigenas/orexigenas em adolescentes com obesidade
independente da perda de peso apods a terapia.

- Diferentes percentuais de perda de peso alcangados por meio da terapia
interdisciplinar de longo prazo podem influenciar de formas distintas respostas

orexigenas e anorexigenas dos neuropeptideos envolvidos no balanco energético,
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sendo que a perda de peso corporal menor que 10% parece ser desfavoravel a
normaliza¢do das fun¢des dos neuropeptideos séricos orexigenos e anorexigenos e a
reversao da hiperleptinemia em adolescentes com obesidade.

- Ainda nesse contexto, variagcdes de peso corporal, a-MSH e leptina gerados
pelo modelo de terapia interdisciplinar longo prazo para perda de peso podem indicar
possivel prognostico de perda de gordura corporal, apresentado pela primeira vez em
modelo matematico.

- A analise do consumo alimentar por meio do Indice Inflamatério da Dieta
apontou que a diminui¢do dos escores inflamatorios apds terapia interdisciplinar para
perda de peso estd relacionada a diminuigdo sérica de neuropeptideos orexigenos e
com aumento na razao anorexigena, resultando em um cenario mais favoravel para o
controle do peso e da ingestao de alimentos, bem como uma melhora do estado pro-
inflamatorio.

Evidencia-se por meio dos resultados obtidos na presente tese que
importantes mudancas positivas nos aspectos neuroenddcrinos do balanco energético
podem ser alcancadas quando avaliados fatores como concentragdes iniciais dos
neuropeptideos, o percentual de perda de peso e aspectos do consumo alimentar
associados a terapia interdisciplinar de longo prazo, controlando assim importantes

aspectos fisiopatoldgicos da obesidade que vao além da perda de peso.
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Abstract




Abstract

Introduction: The obesity is a complex, multifactorial and chronic disease with
biological and social consequences that causes a lot of comorbidities. The positive
energy balance can be generated by the deregulation of some important appetite-
regulating hormones that modulate orexigenic (neuropeptide Y — NPY, and agouti-
related peptide - AgRP) and anorexigenic (Alpha-melanocyte-stimulating hormone -
a-MSH) pathways. These hormones control the hunger and satiety, increase the size
and quantify to the adipose cells; modify the adipocytokines actions (Leptin and
Adiponectin); and had negative influence in the obesity physiopathology. In this
context, the studies with human and energy balance variables are very scarce,
especially in pediatrics population, prospective therapies such as interdisciplinary
intervention to weight loss, and variations of hormones and neuropeptides involved in
energy balance pathways. Propose: To verify in adolescents with obesity submitted
to long-term interdisciplinary therapy to weight loss the role of a-MSH levels on
body adiposity and orexigenic/anorexigenic neuropeptides responses; the association
between the magnitude of weight loss and serum concentrations of the main
adipocytokines and appetite-regulating hormones; and to analyze the association
between Dietary Inflammatory Index (E-DII) scores, adipocytokines and serum
concentrations of neuropeptides. Methods: 148 adolescents, both genders and aged
14 to 19 years old, were classify with obesity by Body Mass Index (WHO) and post-
pubertal five stage by Tanner classification. The volunteers were submitted to one
year of interdisciplinary therapy (clinical, nutritional, psychological, physical
exercise and physiotherapy support). At baseline and post intervention body
composition and serum levels of leptin, adiponectin and energy balance
neuropeptides (aMSH, MCH, NPY and AgRP) were measured. The statistical
analyzes was made by Statistica 7.0 software and the significance was set as p<0.05.
Results:

Article 1 — 110 volunteers were grouped by baseline Tertiles of o-MSH
concentration: Low (<0.75 ng/ml), Medium (<0.76 to >1.57 ng/ml) and High (>1.57
ng/ml). The treatment promoted a significant improvement in body adiposity and fat

free mass for all groups. In highlight, only in the high a-MSH group it was observed
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a significant increase of the a-MSH/NPY ratio and decrease NPY/AgRP ratio post
treatment.

Article 2 — 108 volunteers were grouped by weight loss percentage after
interdisciplinary therapy. It was compared adolescents who lost less than 10% body
weight (LWL) and more than 10% body weight (HWL). Both groups presented
reductions in BC and Leptin. The Aa-MSH, Aa-MSH/AgRP ratio and Aa-MSH/NPY
ratio were lower and AgRP and NPY variations were higher in the LWL. The Leptin
concentration was close to normal in the HWL only. The AWeight, Aa-MSH and
ALeptin were associated with BF loss by multiple linear regression for all sample.
Article 3 — 50 adolescents were classified according to increase (> E-DII; n=30) or
decrease (< E-DII; n=20) in their E-DII scores by three days diary. In both groups we
observed reductions in body weight and body fat and increase in free fat mass. Leptin
levels were reduced in both groups while adiponectin values increased only in the
<E-DII group. Serum neuropeptides levels, anorexigenic and orexigenic ratios did not
change after treatment in the >E-DII group, but to <E-DII group there was a
significant reduction in aMSH, MCH and NPY levels and an increase in the
anorexigenic ratio aMSH/NPY. A negative correlation was found between ASFAs
with AaMSH/AgRP (r=-0.35; p=0.01), ANPY/AgRP and AMUFAs (r=-0.33; p=0.01)
and PUFAs (r=-0.31; p=0.02).

Conclusions: In conclusion, the high o-MSH concentration promotes better
modulation of anorexigenic/orexigenic pathways in obese adolescents following
long-term weight loss therapy and this is important in the clinical practice. High
weight loss (above 10%) seems to reverse obesity-induced hyperliptinemia while
stabilization the neuropeptides that control appetite in adolescents with obesity. We
were able to produce a prognostic mathematical model to predict BF loss using
weight, Leptin and a-MSH variations. Finally, in the group who had a decreased E-
DII score after long-term interdisciplinary weight loss therapy, there was also a
decrease in orexigenic neuropeptides and an increase in the anorexigenic ratio,
resulting in a more favorable scenario for controlling weight and food intake, as well

as an improvement in the proinflammatory state.
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Anexo 1. Aprovagdo do Comité de Etica em Pesquisa

Carta de Aprovagdo do Projeto — Comité de Etica

Uinnersidade Faderal de So Paulo Comitd de Etica em Pesquisa
Escoly Paukista de Medicing ) Hospital S50 Pawlo

SHo Paulo, 25 de junho de 2004,
CEP 0135/04

lime(a). Sria). )

Pesquisador(a) ANA RAIMUNDA DAMASO
DisciplinaDepartamento: Pediatria Geral e Comunitaria/Pediatria da
Universidade Federal de S&o Paulo/Mospital S8o Paulo

Ref Projeto de pesquisa intitulado: “impacto de agdo multiprofissional sobre a composigdo corporal,
adiposidade visceral, central e periférica, distdrbies do sono e transtornos do humor em acolescentes
obesos.”.

Prezado(a) Pesquisadorna),

O Comité de Etica em Pesquisa da Universidade Federal de S&o Paulo/Hospital S0 Pawlo ANALISOU e APROVOU
o projeto de pesquisa acima referenciado.

Conforme resolucio 196/96 do Conselho Nacional de Saide 530 deveres do pesquisador;

1. Comunicar toda e gualguer alteracio do projeto e do termo de consentimento, Mestas circunstancias a incluso
de paclentes deve ser temporariamente inlerrompida sté a resposia do Comité, apds andlise das mudancas
propostas

2. Comunicar imediatamente a0 Comité qualquer events adverso ocomde durante o desenvalvimento do estudo

3. Os dados individuais de todas as etapas da pesquisa devem ser mantidos em local seguro por 5 anos para
possivel auditoria dos drgdos competentes,

4, Apreseniar pimeiro relatdrio parcial em 22/dezembro/2004.

5. Apresentar segundo relatdrio parcial em 20/junho/2005.

Atencinsame

Prof. Dr. José Osmar Medina Pestana
Coordenador do Comité de Etica em Pesquisa da
Universidade Federal de Sio Paulo/ Hospital Sio Paulo

“Ressaltamos que & de essencial importincia que asja verificado, antes da divulgagio dos processos eiou msultados cblidos pesta pesquisa, =2
s mesmos sdo potencisimente pabentedveis ou passheis de oulras formas de probecdo inbelechualindusirial A prolecio por mess do depasio de
palent=, ou de outras fwmmas de protegdo da propriedede infelectual, evita a agdo indevida do terceiros e confere maior seguranca quando da
pubsheacds dos resullados da pesqiisa ™

Rua Botucatu, 572 - 1 andar — con|. 14 - CEP 04023-062 - 580 Paula / Brasil
Tel.: (011) 5571-1062 - 553097162
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Unoversidade Federal de 5§ Paul Camité de Etica em Pesquiss
Escoly Paulista de Medicina Hospitel 530 Paule

Sao Paulo, 4 de dezembro de 2008
CEP 0135/04
CONEP

limo{a). Sria) >
Pesquisador{a) ANA RAIMUNDA DAMASO
Disciplina/Departamento: Pediatria Geral & Comunitaria/Pediatria da

Universidade Federal de 530 PauloMospital S50 Paulo

Rel. Projeto de peequisa intitulado: “Impacto de acio multiprofiseional eobre a composigio corporal,
adiposidade visceral, central e periférica, distirbios do sono e transtornos do humor em adolescentes

obesos".
Prezado(a) Pesquisadorfa),

O Comité de Etica em Pesquisa da Universidade Federal de 540 Paulo/Hospital S30 Paulo ANALISOU e APROVOU
Adendo ao projeto {versio 1 de 18/nov/2008) - inclus3o de exames complementares do projeto de pesquisa
acima referenciado.

Atenciosaments,

,// SE
Prof. Dr” José Osmar Wedina Pestana ;

Coardenador do Comité de Etica em Pesquisa da
Universidade Federal de S30 Paulo/ Hospital S30 Paulo

Omzhﬁmmﬁuuﬂmnmckmn'mmmu&mﬁm nda hd necessidade do parecer da CONEP
mmﬂmmwuwﬁ.hmﬂﬂqnllll,dmﬂmdmmj!mﬂsa
junto com & pafecer aprobaléng do CEFPYUNIFESRP.

R ‘oue & de fal importineia que sejs verificado, antes da gacio dos ®ou resuflados oblidos nesta pesquiss, se
o5 MeEmos S5 mimants patentedves ou "dnntmhlmﬂ-pmh;le"‘"" il A proteclo por meio do depésile de
mm.mﬂmmﬂm*wmmamhmhmamﬂﬁmmﬁ
publicacho dos resultados da pescquisa ™

Rua Botucatu, 572 - 1% andar — conj. 14 - CEP 04023-062 - S50 Paulo / Brasi
Tol: (011) S571-1062 - 5539 7162 ;
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Anexo 2. Termo de Consentimento Livre e Esclarecido

IMPACTO DE ACAO MULTIPROFISSIONAL SOBRE A COMPOSICAD CORPORAL, ADIPOSIDADE,
VISCERAL, CENTRAL E PERIFERICA, PERFIL LIPIDICO, REGULACAD HORMOMNAL, DISTURBIOS DO
S0OMD E TRANSTORNOS DO HUMOR EM ADOLESCENTES OBESOS.

A5 TAXAS DE SDBREPESO E OBESIDADE REPRESENTAM ATUALMENTE IMDICES MUITO ELEVADCS,
CARACTERIZANDO UMA EPIDEMIA GLOBAL O EXCESSD DE PEED TRAZ CONSIGD AUMENTD DOS RISLOS DE
DOENCAS CARDIOVASCULARES, DIABETES. HIPERTEMSAD, PROBLEMAS ORTOPEDICOS E RESPIRATORIOS
DEMOTAMDOD A IMPFORTANCIA MO SEU CONTROLE E PREVEMCAD. O CONTROLE DE PESD DEVE SER INICIADO O
MAIS PRECOCEMENTE POSSIVEL, POR 1SS0 A ADOLESCENCIA E UM EXCELENTE ESTAGID DE VIDA PARA A
PROMOCAD DE HABITOS SAUDAVEIS POR MEID DE ORIENTACOES NUTRICIOMAIS, ATIVIDADE FISICA,
ATEMDIMENTO MEDICC E PSICOLOGICO.

ESSAS INFORAMACOES ESTAD SENDD FORMECIDAS PARA A SUA PARTICIPACAD VOLUNTARLA NESTE
ESTUDD, QUE VISA INTERAGIR AGOES DE VARIOS PROFISSIONAIS D AREA DE SALUDE, VISANDO MELHOA
ESPECIFICAR OS5 EFEITOS DE WFERENTES FORMAS DE EXERCICIO SDBRE A COMPOSICAD CORPORAL, SALDE
METABOLICA, HSTURBIOS DO SONO E TAANSTORMOS DD HUMOR EM ADOLESCENTES QBESOS, SUBMETIDOS A
INTERWEMGAD DE PROFISSIONAIS MEDICOS, NUTRICIONAIS, EDUCADORES FISICOS E PSICOLOGOS.

0% PARTICIPANTES DO PROJETO SERAD AVALIADOS POR UMA EQUIPE MULTIDISCIPLINAR E SERAD
SUBMETIDOS A AVALIACAD ANTROPOMETRICA (PESD E ALTURA), AVALIACAC DA COMPOSICAD CORPORAL POR
MEID DO APARELHO DEMA. AVALACAD BIOCUIMICA (COLESTERCL TOTAL E FRACOES, TRIGLICERIDEDS,
GLICEMIA DE JEJUM, IMSULINA, LEPTINA E GRELINA)L AVALIACAD DA ALIMENTACAC. PASSARAD TAMBEM POR
COMSULTAS MEDICAS E PSICOLOGICAS, ALEM DE RECEBEREM ATNIDADES FISICAS ORIEMTADAS. SERA
MECESSARIA A COLETA DE 10 ML DE SAMGUE PARA A REALIZACAD DOS EXAMES CITADOS. OS DEMAIS
PROCEDIMENTOS MAD SERAD INVASINVDS. 05 AESULTADOS SERAD AMALISADCS PARA OUE OS ADOLESCENTES
POSSAM RECERER ORIENTAZOES ESPECIFICAS,

TOOAS AS INFORMACOES OBTIDAS NESTE TRABALHD SERAD COMFIDEMNCIAIS, E EM NENHUM MOMENTC
0 SEU NOME SERA DIVULGADD, ASSE COMO OF PESOUISADORES COMPHOMETEM-SE A UTILIZAR O3 DADCS E O
MATERIAL COLETADC SOMENTE PARA ESTA PESOLUISA.

EM CAZD DE DAMO PESSDAL DIRETAMENTE CAUSADO PELOS PROCEDIMENTOS PROPCOSTOS MESTE
ESTUDD, WOCE TERA O DIREMD A TRATAMENTD MEDICO MA INSTITUICAD, BEM COMOD AS INDEMIZACOES
LEGALMENTE ESTABELECIDAS. ) )

EM OUALOUER ETAPA DO ESTUDD, VOCE TERA ACESSC ADS PROFISSIONAS FESPONSAVEIS PELA
PESOUISA PARA ESCLARECIMENTD DE EVENTUAIS DUVIDAS. A PRINCIPAL INVESTIGADORA E A PROF* DR ANA
DAMASDO QUE PODE SEA ENCONTRADA A AUA MARSELHESA, 536 715, TELEFOME (11) 5572-0177. SE WOCE TIVER
ALGUMA CONSIDERAGAD OU DUVIDA SOBRE A ETICA DA PESCUISA, ENTRE EM CONTATO COM O COMITE DE
ETICA EM PESOUISA (CEP) — AUA BOTUCATLU, 572 17 ANDAR COMJUNTO 14, TELEFOME (11) 5571-1062 E FAX (11)
553%-T162 — E-MAIL: CEFUNIFESPREPM.ER .

E GARANTIDN A LIBERDADE DA RETIRADA DE CONSENTIMENTO A QUALDUER MOMENTD E DEIMAR DE
FARATICIPAR DO ESTUDD, SEM QUALDUER PREJUIZC A CONTINUIDADE DE SEU TRATAMENTO WA INSTITUICAD. E
CHREITO DO WOLUNTARKD DE SER MANTIDO ATUALIZADD SOBRE 05 RESULTADDS PARCIALS DA PESOLUISA.

MNAD HAVERA DESPESAS PESSOAIS PARA O PARTICIPANTE EM QUALOUER FASE DO ESTUDC, INCLUINDD
EXAMES E CONSULTAS. TAMBEM MAD HAVERA COMPENSACAD FINANCEIRA RELACIONADA A SUA PARTICIPACAD.
SE EXISTIA L".I:lalﬁ.l.l:rl_lEH DESPESA ADICIOMAL, ELA SERA ABSORVIDA PELD ORCAMENTO DA PESQUISA.
AUTOREZAC

ACHENTO TER SIDO SUFICIEMTEMEMTE INFORMADD A RESPEITO DAS INFORMACOES QUE LI OU QUE
FORAM LIDAS PARA MM, DESCREVENDO O ESTUDD “IMPACTO DE ACAD MULTIPROFISSIONAL SOBRE A
COMPOSICAD CORPORAL, ADIPOSIDADE, DISTURBIDS DO S0OMD E TRAMSTORMOS DO HUMOR EM
ADCLESCEMTES DEESCS".

EU DISCUTI COM A PROF* DR* ANA DAMASO S0BRE A MINHA DECISAC EM PARTICIFAR NESSE ESTUDO.
FICARAM CLARCS PARA MIM QUAIS SAD OS5 PROPOSITOS DO ESTUDD, OS5 PROCEDIMENTOS A SEREM
AEALIZADOS, SEUS DESCONFOATOS E RISCOS, AS GARANTIAS DE CONFIDENCIALIDADE E DE ESCLARECIMENTOS
PEAMAMENTES. FICOU CLARD TAMBEM QUE A MINHA PAATICIPACAD E ISENTA DE DESPESAS E QUE TEMHO
GARANTIA DE ACESS0 A TRATAMENTC HOSPITALAR QUANDO HECESSARID. CONCORDD VOLUNTARIAMENTE EM
FARTICIPAR DESTE ESTUDOD E PODEREl RETIRAR O MEU COMSENTIMENTO A QUALOUER MOMENTD, ANTES OU
DIURANTE O MESMO, SEM PEMALIDADES OU PREJUIZD OU PERDA DE QUALCIUER BEMEFICIO QUE ELU POSSA TER
ADCUIRIDD, OU MO MEU ATENDIMENTD HESTE SERVIGO.

DECLARACAOD

DECLARC QUE OBTIVE DE FORMA APROPRIADA E VOLUNTARIA O COMSENTIMENTO LIVRE E
ESCLARECIDO DESTE PACIENTE OU REPRESENTANTE LEGAL PARA A PARTICIPACAD MESTE
ESTUDO.

DATA: i) !

PROF* DR* ANA DAMASO
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Anexo 3. Termo de Assentimento

TERMO DE ASSENTIMENTO

IMPACTO DE ACAO MULTIPROFISSIONAL SOBRE A COMPOSICAO CORPORAL,
ADIPOSIDADE, VISCERAL, CENTRAL E PERIFERICA, PERFIL LIPIDICO, REGULAGAO
HORMOMAL, DISTUREIOS DO SOMO E TRAMSTORMOS DO HUMOR EM ADOLESCENTES
OBESOS

“océ esia sendo convidadola) como voluntariola) a participar da pesquisa “impacto de Acio
Muiltiprofissional Sobre s Composicho Corporal, Adiposidade, Visceral, Central e Periférica,
Perfll Lipidico, Regulacéo Hormonal, Distirblos do Sono & Transtornos Do Humor em
Adolescentes Obesos®. O motivo que nos lewa & estudar esge asgunto & Que 25 [ExXas de exXcessn
de peso representam atealmente ndices multo eevados, alcangcando um ndmero muito grands de
pessoas de todas as idades no mundo. O excesso de peso traz consigo aumento dos riscos de varlas
doengas, como as doengas oo cofracdo, diabetes, pressio alta, problemas para andar e de
respiracio, ressaltando a importdncia no Seu controle @ prevencio. O controle de peso deve ger
iniclado o mals cedo possivel, por B0 a adolescéncla & wn excelente estigo de vida pars a
promogio de hilbdos sauddwess por melo de orentagdes de nutriclo e psicologla, prética de exerciclo
flzico e atendimento médico.

Yook serd avalado por uma equipe de vérios profissionals da sadde. A avallagio do peso,
gltura & medida da cinfura serdo obtidas. A composigio corporal serd estimada por um aparelho de
‘pletizmografia por deslocamento de & e densitometria Ssses para determinar a quantidade de
pordura, massa muscular e conteddo’ densidade dssea do seu corpo. Serd realizado a coleta de
gangue para determinar algumas subsincias, como colesierol total e fregdes, triglicerideos, glicemia
de jepum, insulina. leptina, adiponecting, inbador do ativador de plasminogénio 1, Interleucinas 10 & B,
fator de necrose tumoral alfa, greling e marcadores desecs. Serd necesséna a coleta de 10 mi de
ganue para & realizacio desies exames. Os demals procedimenios ndo serfo Invasvos.

Serd reallzada uma ulirassonografia da regléo abdominal para deferminacio da gondura
localizada nesta regio. Também serd reallzado wm teste chamado eletrocardiograma de repowso e
de esforgo para verificar g2 vood pode praticar exercicios fislcos. Meste teste alguns eletrodos serdo
codados N0 SSu COFPO DETE Ver O com@oraments do seu coragio duranie o repouso e durante uma
caminhads na esteira. Outro tegte chamado ergoespiremetria de esforgo, também serd aplicado em
egleira ou bickleta, para determinar como Serd & carga de trelnamento durante o exercicio figco,
gando que vood deverd dar seu esforco maxemo neste tegte. O consuma alimentar serd estimado por
Questiondnos no guals vood deverd anotar todos os alimentas e bebidas ingendos por 3 dias e a
frequéncias de consumo de determinados alimentos nos dimos meses. Todos o8 resultados serdo
analisados para que vood possa receber orlentacbes especifices durante 30 semanas de fratamenio.
Além disso, serd necessdrio o preenchimente de alguns questionérios para vocd receber ofentagbes
peicoligicas. Meste estudo, vood participard de um protocolo de Imtersencéo imendsciplinar, ou seja,
o a participacio de varnies profissionais, como médico, nuircienista. educador fislco, fisiolerapeuta
e psicdlogo. Voo realizard exercicios fisicos, 3 vezes na semana, sendo 30 minutos de exerciclos na
bicicleta e esteira ergométrices e 30 minuios de musculacio TambSm serio oferecidas consulias
oo nutricionista, peicdlogo @ médico mensals e individuals e orentagbes para mudances de estiio de
vida emn grugo, durante 60 minuios por semana. Yoof poderd escolher se quer paricipar ou nao
desse estuds. Discutimos esia pesquiss oM Seus pals ou responsévels & eles sabem que também
egtamos pedindo seu acondo. Se vocd for partcipar na pesquisa, sews pals ou responsdvels também
terfo gue concordar. Mas 2e wood nao desejar fazer parte na pesquiss, ndo & obrigado, até mesma
g2 sous pal nfo concordarem.  Voof ndo ferd gue pagar nada para participar, nem receberd
Qualguer dinhalro em troca Vocd serd esclarecidoa) em gqualquer momento gue desejar. O
responsivel por wood poderd retirar o consentiments ou Merromper 8 sua panticipacio a guakyuer
momeno. Yook ndo precisa paricipar desta pesquisa se néo quiser. E vocé guem decide. Se decidir
n&o paticipar da pesguisa, & seu direlto & nada mwedard no seu ratamento de sadde. Mesmo assim,
esie senvigo de sadde estard desponivel para vocd. Alé mesmo se disser "sam * agora, podard mudar
de kdéia depols, sem nenhum problema. Mo talaremos para oulras pessoas gue woof estd mesta
pesquisa e tamibém ndo compartilharemos informacio sobre vood para gualguer wm gue nfo trabalha
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na pesquiza. Depois que a pesqguisa acabar, os resultados serdo Informados para vocd @ para Seus
pals.

Este estudo apresenta risco minima, sto &, o mesmo Asco existente am atividades rotinelras
COMmO Cconversar, tomar banho, ler, etc. Em qualkguer etapa do esfudo, wood fBrd acesso &os
profissionals responsévels pela pesquisa para esclareciments de eveniuals dividas. A coondenadora
do projeto de infervengéo & a Profa. Dra Ana DAmeso, 8 mesma pode ser enconirada na Aua Prof,
Francisoo de Castra, 93, telefons (11) 55T2-0177. Sa vood tiver alguma consideraclo ou didida
gobre a éfica da pesguisa, enfre am contato com o Comité de Etica em Pesgusa (CEP) — Rua
Bolucatu, 572 1% andar conjunte 14, telefons (11) 5571-1062 e fax (11) 5538-T162 — E-mail:
cepunitesp@eapm_b.

O resuliados estarfo & sus disposigio quando finalizados. Seu nome ou o material que
indigue sua participacio ndo serd liberade sem a permisséo do responsdvel por vocd. Os dados e
instrumeamtos wilizeds na pesguss ficardo anguivados com o pesquisador respongdyel por wm
perioda de 5 anos, & apds esse fempo serdo destruldos. Este termo de consentimento encontra-se

imprasso em duas vias, sendo que uma cdpla serd arquivada pelo pesquisador responsével, & & outra
sard fomecida & woch.

Eu, . portadorfa) do documenio de
ldent dads . ful informadoia) dos objetivos do presentz esfude de mansira
clara e detalhads e esclareci minhes dividas. Sel gue a guablguer momenio poderel solicitar movas
informagdes, & o meu responsdvel poderd modificar & decisfo de parlicipar se assim o dese|ar.
Tendo o consentiments do meu responsével (4 assinado, declaro que concordo em paricipar desga
estudo. Recsdi uma cdpla deste termo assentimento & me fod dada & oporbunidade de ler & esclarecer
as minhas dividas.

Azsinafure dofa) menor Prof. Dra Ana Démaso
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Anexo 4. Anamnese inicial
UNIVERSIDADE FEDERAL DE SAO PAULO
ESCOLA PAULISTA DE MEDICINA

PROGRAMA DE ATENDIMENTO MULTIDISCIPLINAR AO ADOLESCENTE
OBESO

ANAMNESE CLINICA
Dr. Lian Tock
CRM 19868

IDENTIFICACAO

INICio da OBESIAAE.................ooeeeee e

Histoéria Pregressa:
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EXAME FiSICO GERAL

Lesbes elementares da pele:

MaANCRNAS... .. oo et
LeSOES SOlAAS. ... ..o eeeiieiii e
Lesbes de conteldo lIQUIO.........eeueiei e
g 0T Lo L= PR

Tecido Celular subcutaneo:

(7= 11 1 (=
=Y (= TR
1] 0 o] o 7= 1
Alterag0es do CabEIO..... ..o
AIEraga@o das UNNAS...........ouniiii e e
Problemas AeNtArIOS.........cooouuiiiii e e eeans
B 1 (0 L= R
RV 01 411 (o TR
(OIFTCT] 00 F=Toz= Tl [oJN=TS] (o]0 0 F=To Lo OSSR PRPPRI
S 0o T
o 11U =
I LT3 (4 = TR

Alteragdes MENSIIUAIS. ........coouuiiie e e
EXCESSO A PEIOS.... oo
Falta de ar......cooe e
(@4 o1 F=To [0 3 aTo I o 11| (o TS SOOI
AlEIgIas. ... ..o

Vocé sente dor em alguma regido do corpo?( )SIM ( )NAO
Qual?
Quando?

Melhora com:

Se sim, classifique na escala:
ESCALA NUMERICA DE 0 a 10)

—t— —t— i A
0 1 2 3 4 o 8 T 2 g 10
Sem Dor Do Insupentivel
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Historia de lesdao osteo-muscular

Peso a0 NasCer........ccccrimiirmrnnecssssssssrenneeens Comprimento ao nascer...........
Ganho de peso gestacional ..........ccccciiiiiiiiimimnnnnnr e —————
Aleitamento materno eXcCluSiVO........cccccviiieeerieeeesenrr s
Tempo de aleitamento materno total ...
Desmame e introdugao alimentar..............ccccceiiiiiiiimiiiiisecsr e
Comportamento alimentar na infancia..........ccccomrirmmrcccccccccc e
TONUS MUSCUIAT........ccc et e e e e e e e mmnnnn s
Controle esfincteriano..........ccoiiiiieccc
Habito intestinal:

( )normal ( )constipagao () Diarréia

Sono:

ANTECEDENTES FAMILIARES E HEREDITARIOS

Obesidade:

Pai( ) Avo( ) Avo( ) Tio(s)( ) Tia(s)( ) Primo(s)( ) Prima(s)( )
Mae( ) AvOo( ) Avo( ) Tio(s)( ) Tia(s)( ) Primo(s)( ) Prima(s)( )
Irmé&o(s) ( ) Irma(s) ( )

Diabetes:

Pai( ) Avo( ) Avo( ) Tio(s)( ) Tia(s)( ) Primo(s)( ) Prima(s)( )
Mae( ) Avo( ) Avo( ) Tio(s)( ) Tia(s)( ) Primo(s)( ) Prima(s)( )
Irmao(s) ( ) Irma(s) ( )

Hipertensao Arterial:

Pai( ) Avo( ) Avo( ) Tio(s)( ) Tia(s)( ) Primo(s)( ) Prima(s)( )
Mae( ) Avo( ) Avo( ) Tio(s)( ) Tia(s)( ) Primo(s)( ) Prima(s)( )
Irmao(s) ( ) Irma(s) ( )

Infarto Agudo do Miocardio:

Pai( ) Avo( ) Avo( ) Tio(s)( ) Tia(s)( ) Primo(s)( ) Prima(s)( )
Mae( ) Avo( ) Avo( ) Tio(s)( ) Tia(s)( ) Primo(s)( ) Prima(s)( )
Irmao(s) ( ) Irma(s) ( )

140



Acidente Vascular encefalico:

Pai( ) Avo( ) Avo( ) Tio(s)( ) Tia(s)( ) Primo(s)( ) Prima(s)( )
Mae( ) Avo( ) Avo( ) Tio(s)( ) Tia(s)( ) Primo(s)( ) Prima(s)( )
Irmé&o(s) ( ) Irméa(s) ( )

Colesterol Alto:

Pai( ) Avo( ) Avo( ) Tio(s)( ) Tia(s)( ) Primo(s)( ) Prima(s)( )
Mae( ) Avo( ) Avo( ) Tio(s)( ) Tia(s)( ) Primo(s)( ) Prima(s)( )
Irmé&o(s) ( ) Irméa(s) ( )

Tireoidepatias:
Pai( ) Avd( ) Avo( ) Tio(s)( ) Tia(s)( ) Primo(s)( ) Prima(s)( )

Mae( ) Avo( ) Avo( ) Tio(s)( ) Tia(s)( ) Primo(s)( ) Prima(s)( )
Irmé&o(s) ( ) Irméa(s) ( )

ANAMNESE COMPORTAMENTAL

HISTORICO DE PROBLEMAS PSICOLOGICOS/PSIQUIATRICOS
( ) Nao SIM: ( ) Sim, mas nunca teve acompanhamento.

( ) Sim, com acompanhamento
psicoterapéutico

( ) Sim, com acompanhamento psiquiatrico.

Acontecimentos de vida
( ) Casamento ( ) Gravidez

( ) Acontecimentos de vida significativos e acidentais.

Atribuicao Causal da Obesidade

( ) Habitos alimentares inadequados
( ) Acontecimento de vida

( ) Alteracao do estado emocional.

( ) Sedentarismo

( ) Fatores hereditarios

( ) Outros.
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COMPORTAMENTO:

Sintomas Bulimicos( ) Sintomas Anoréxicos( )

ESTILO DE VIDA E ATIVIDADE FiSICA

Pratica exercicios fisicos: Sim( ) Nao( ). Se sim, Qual...............corruueee.
Quantas VezZes POr SEMANA:.......cccccrmmrrrrrrrmmmrrrrrereersssssssssssssssnsssssessesseenssssesns
Tempo despedido (minutos) com:TV( ) Computador( ) Video Game( )
Fuma Sim( ) Nao( ) Quantos cigarros por dia:.........ccceeeeiiriinnnisssnnnnnnnnnnnnns
[ F= e [ F T o 30 €= 0 4 o 100
COMPLEMENTACAO

Tentativas de tratamentos Anteriores

L@ T 1R T oY o 1 SRR
QUANEOS......cceeeeriirrrer i Tempo do tratamento................
Resultado..........cccooiiiirrr e ————————
Abandonou o tratamento?...........ccccciiiiiiiiiiir e ————
S SIM, POIQUE......eeeeecc i ierrer s e rrneasne s s s s e e s ne s s nm s s snsssssssssansssennnennnnnnns

Motivos subjacentes a tomada de decisao frente ao projeto de
obesidade.
( ) melhoria dos problemas de saude associados

( ) eficacia do tratamento na perda de peso
( ) melhorar a auto-estima
( ) melhorar estética

( ) Outros

O que faria depois de atingir o peso ideal?...............ciiviiiiiiiiiie,
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CITE 5 PROBLEMAS RELACIONADOS COM O SEU PESO ATUAL.

( ) Sintomas fisicos ( ) Sintomas psicoldgicos

( ) Doencas ( ) Problemas relacionais

( ) Insatisfagdo com o corpo ( ) Problemas relacionais

( ) Problemas sociais/ Profissionais ( ) Problemas sexuais/conjugais

Grau de motivagao face ao tratamento.

( ) 0a4 (baixo) ( ) 5a7 (moderado) ()8a10 (elevado)
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Abstract

Introduction: Fibroblast growth factor 21 (FGF21) is among the activators that can stimulate
thermogenesis in the white adipose tissue and brown adipose tissue. People with obesity have
elevated blood levels of FGF21, but also develop resistance to its action, impairing its
beneficial role. Inversely, clinical treatments to weight loss has been pointed out as an
important therapy for increasing and recovering sensitivity to FGF21. The aim was to analyse
the effect of long-term weight loss interdisciplinary intervention on FGF21 and body
composition. Methods: 86 post-pubertal obese adolescents (14-19 years-old), were submitted
to 20 weeks of weight loss therapy (clinical, nutritional, psychological and physical exercise
support). Anthropometric measures, Body composition and Rest Metabolic Rate (RMR) by
bioelectrical impedance, and serum FGF21 sample by ELISA were evaluated. The
adolescents were grouped according to FGF21 individual delta variations after therapy:
Higher Increase (HI); Lower Increase (LI); Lower Decrease (LD); Higher Decrease (HD).
Results: All groups present weight loss. Only in FGF21 >76,5 pg/mL variation the free-fat-
mass and rest metabolic rate were preserved and to others group these variables were
significantly reduced. Conclusion: High increase in FGF21 can contribute to preservation of
FFM and RMR after weight loss therapy, could have important implications for energy
balance regulation. Future studies are necessary to continue determining the role of
magnitude effects of FGF21 levels in obesity to improve clinical practice, especially in

paediatrics population.

Key-words: Body composition, obesity, adolescents, FGF21, weight loss, thermogenesis.
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1. Introduction

The fibroblast growth factor 21 (FGF21) is among the activators that can stimulate
thermogenesis in the white adipose tissue and brown adipose tissue (BAT), giving rise to
beige cells through the Uncoupling Protein-1 activation, and consequently for mitochondrial
biogenesis. Human stress conditions such as exercise, obesity, insulin resistance and diabetes
can influence FGF21 serum levels and action (1,2,3).

People with obesity have elevated blood levels of FGF21 but also develop resistance
to its action, impairing its beneficial action (2). In contrast, physical exercise has been
pointed out as an important therapy for increasing and recovering sensitivity to FGF21 (2,4).

The direct relationship between BAT and muscle mass in this population of
adolescents it has been elucidated, while high FGF21 levels observed in adolescents with
obesity were positively correlated with liver and visceral fat levels (5). Further studies seem
then necessary to assess the effects of weight loss (WL) interventions on FGF21 as a
thermogenesis marker in adolescents with obesity. The aim of the present investigation was
to analyse the effect of long-term WL interdisciplinary intervention on FGF21 and the

relationship with body composition (BC) and individual variability of FGF21.

2. Methods
This study involved 86 obese adolescents of both genders, 14 to 19 years, post-
pubertal Stage >V (6) and body mass index (BMI) >95" percentile according Word Health
Organization curves. The non-inclusion criteria were: pregnancy, previous drug utilization,
chronic alcohol consumption, viral hepatic diseases, other causes of liver steatosis, inability
to perform physical activities. The study was conducted with Declaration of Helsinki and was

approved by ethics committee (#0052/2016) and clinical trials (RBR-6txv3v).

2.1 Research design
The classical interdisciplinary therapy consisted of clinical assessment, exercise

training, nutritional and psychological support for 20 weeks. The protocol also used a web-
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based approach regarding different health education themes. The adolescents visited the
endocrinologist to address their health conditions and determine sexual maturation at baseline
and after therapy.

Six interdisciplinary clinical interventions were performed. They had low-calorie
dietary prescriptions per age and a gender. The distribution of macronutrients was fat (25-
35%), carbohydrate (45-65%) and protein (10-30%) (7). Every week different health themes
were posted in online weight loss program with dietetics lessons educating (Example: low-
calorie foods, diet and light foods, weight loss diets, good food choices on holidays,
weekends and celebrations, food labels and other related topics).

Physical exercise was chosen by the self-guided method in which the adolescent
opted for exercises related to personal pleasure (8). The choice was guided in all clinical
approach by a professional in this area for frequency (tree times/weekly) and duration
(minimum of one hour/session) and were considered variables of body composition and basal
metabolic rate to the choice of the modality to be practiced guaranteed benefits to the weight
loss program (9). In the online program health themes, the volunteers had access to videos
about correct mode of physical exercise practice including frequency, intensity and volume to
help them in their choices.

The adolescents participated in group-based psychological sessions to help them deal

with themes of depression, disturbances of body image and anxiety (10).

2.2 Anthropometric measurements, body composition and serum analysis

At baseline and after treatment, body mass (Filizola®) and height (Sanny™) were
measured and BMI was calculated. BC was assessed using bioelectrical impedance (TBW™)
providing Body Fat (BF), Free Fat Mass (FFM) and estimating Rest Metabolic Rate (RMR).

Serum levels of FGF21 were measured with enzyme-linked immunosorbent assay.
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2.3 Statistical analysis

Statistical analysis was performed using STATISTICA 13.0 software (StartSoft,
Tulsa OK. USA). Statistical significance set at p<0.05. Data normality was verified with the
Kolmogorov—Smirnov test. Parametric data were expressed as mean+SD while no-parametric
variables were normalized by Zscore. Comparisons between measures at baseline and after

by groups were made using ANOVA repeat measures with Turkey post-hoc.

3. Results

A total 56 patients completed the intervention and four groups were determinate
according to median of variations (deltas) in FGF21 levels (pg/mL): Increase: <76,5 and
>76,5; Decrease: <-64,1 and >-4,1 (Figure 1).

All groups present weight loss. The BMI was significantly reduced only in the group
with Increase FGF21 >76,5 and BF reduced just in the group that presented Decreased
FGF21 >-64.1. Considering FFM and RMR, exclusive in the group that Increased FGF21
>76,5 these variables did not suffer significant reduction (Table 1).

Table 1. Descriptive data of body composition on different groups of FGF21 increased

and decreased in obese adolescents submitted to multidisciplinary therapy.

Increase FGF21
<76.5 pg/mL (n=13) >76.5 pg/mL (n=14)
Baseline After p Baseline After P
Body weight (kg)  112.4+20.7  105.7£182r 0.00 111.6x12.8  107.0+12.6' 0.04
BMI (kg/m¢) 37.3+5.3 349451  0.53  39.1+4.4 3794461 0.02
Body Fat (kg) 39.5+10.2 35.048.8  0.06  44.3%7.1 412469  0.40
FFM (kg) 72.6+13.4 70.7+12.9¢ 0.0  70.849.3 69.849.3  0.85
RMR (kcal) 2207.7+407.1 2148.5£391.1t+ 0.00 2152.8+284.5 2124.9+281.7 0.88
FGF21 187.5£143.3* 226.8+137.9+ 0.01 97.9+135.5* 271.4+£256.61  0.00
Decrease FGF21
<-64.1 pg/mL (n=14) > -64.1 pg/mL (n=14)
Baseline After D Baseline After P
Body weight (kg)  107.2+13.9  101.9+13.5¢ 0.00 112.9+15.8  104.9414.9"  0.00
BMI (kg/m?) 37.5+5.1 35.445.3 0.91 39.5+4.1 36.7+3.8 0.25
Body Fat (kg) 40.2+7.0 36.846.6 028 452495 39.3+7.7t 0.0
FFM (kg) 66.9+10.8 65.1£10.1¢ 0.00 67.7£10.1 65.6+£10.2¢ 0.00
RMR (kcal) 2034.8+331.9 1979.6+£307.5+ 0.01 2059.3+308.5 1989.7+300.5t 0.00
FGF21 183.9+165.7* 152.7+£168.1 0.89 426.0+£261.0 182.0+£143.0t  0.00

*p<0.05 compared to Decrease FGF21 > -64.1; \p<0.05 compared to baseline in the same group. FGF21 were expressed in
pg/mL. Body Mass Index (BMI); Free Fat Mass (FFM); Rest Metabolic Rate (RMR).
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Higher Decrease (HD) Lower Decrease (LD) Lower Increase (LI) Higher Increase (HI)
(= -64,1 pg/mL) (< -64,1 pg/mL) (<76,5pg/mL) (=76,5 pg/mL)
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Figure 1. Individual variations of FGF21 serum levels after interdisciplinary therapy to weight
loss. FGF21 were expressed in pg/mL. Lower Increase (LI) <76,Spg/mL FGF21 (n=13); Higher
Increase (HI) >76,5 pg/mL FGF21 (n=14); Higher Decrease (HD) <-64,1 pg/mL FGF21 (n=14);
and lower Decrease (LD) >-4,1 pg/mL FGF21 (n=14).
4. Discussion

The aim of the present investigation was to assess the individual variability of FGF21
concentration and its impact on BC in adolescents with obesity undergoing long-term
interdisciplinary WL therapy. In this context, when analysing variation degrees, it was
observed that in the group with increase FGF21 >76.5 seems to preserve the FFM and RMR
compared to another groups.

The evidences questioning the anti-obesity effects of FGF21 in adolescent with
obesity remains scarce, while an association between increased circulating FGF21 and
metabolic disorders has been reported in adults. Cross-sectional studies conducted in

adolescents with obesity showed controversial results regarding the associations between

FGF21, BC, metabolic parameters and inflammatory profile (3,11,12,13).

Based on the present results, we can observe a broad variation of FGF21 levels at

baseline and individual responses post treatment. Although weight and BF responses have
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not been different between groups, the FFM and RMR did not reduce only in high increase
degree of FGF21.

The FFM and RMR could have important implications for energy expenditure,
energy balance regulation and WL maintenance in youth with obesity. In this way, the FFM
and RMR preservation post WL treatment with high increase of FGF21 contributes to initial
investigate relationship between these variables. In a large cohort, Li et al. (12) observed that
lower FGF21 levels were negatively correlated with BMI and waist circumference and
associated with obesity compared with normal-weight patients.

In addition, it has recently been demonstrated by our group positive correlation
between FGF21 and lean body mass and HDL cholesterol in adolescents without insulin
resistance, linking the potential effects of FGF21 with glucose metabolism (3). Markan (14)
suggests that the role in increased circulating FGF21 during obesity remains uncertain and
the translating rodent studies to man needs to be done with caution. Human FGF21 is
proteolytically cleaved in vivo like this; the bioactivity of increased circulating FGF21 in
humans remains unknown.

This study presents some limitations such as the small sample size post-treatment and
lack of a lean control group. However, the present data seeks to understand the undersupply

of studies that describe FGF21 in humans, especially in early ages.

5. Conclusion
The present study suggests that increase in FGF21 serum levels can contribute to
preservation of FFM and RMR after interdisciplinary therapy to WL in adolescents with
obesity. Future studies are necessary to continue determining the role of FGF21 levels in

obesity to improve clinical practice, especially in paediatrics population.
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