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1. INTRODUCAO

1.1. Obesidade

A Organizagdo Mundial de Saude (OMS) define a obesidade como uma
condicdo na qual a porcentagem de gordura corporal € aumentada a um “volume”
capaz de comprometer a saude e o bem-estar e, devido a seu grande crescimento

na populacgéo, foi declarada como epidemia global.*:2

O crescimento global da obesidade mais do que dobrou desde 1980. Segundo a
OMS, em 2025 a estimativa € que 2,3 bilhdes de pessoas estardo acima do peso ao
redor do mundo, sendo 700 milhdes de individuos com obesidade. Ainda, os dados
da OMS revelam que existem mais pessoas morrendo pela obesidade em

comparac&o com a desnutricdo ao redor do mundo.®3)

No Brasil 55,7% da populacdo adulta se encontra com excesso de peso
corporal e 19,8% (aproximadamente 20 milhfes) estd obesa caracterizando um
aumento de 67,8 % da obesidade nos ultimos 13 anos, saindo de 11,8% em 2006
para 19,8% em 2018. O pais possui 7,7% da populacéo adulta com diabetes Mellitus
tipo 2 e 24,7% com HAS, doencas essas que geralmente estdo relacionadas a

obesidade.®

De acordo com numeros oficiais da OMS, é assustadora a prevaléncia do
sobrepeso entre as criangas menores de 5 anos, havendo aproximadamente 41
milhdes de criancas com sobrepeso. Destaca-se que a obesidade é prevenivel e

cresce a cada ano.®

Em estudos epidemiolégicos, o diagnostico do estado nutricional de adultos é
feito a partir do indice de Massa Corporal (IMC), obtido pela divisdo do peso (medido
em quilogramas), pelo quadrado da altura (medida em metros). O sobrepeso é

definido quando o IMC é maior que 25 kg/m2 e menor que 30 kg/m2. Ja a obesidade



é definida quando o IMC é maior que 30 kg/mz2, sendo dividida em graus I, Il e Ill; O
grau | tem o IMC entre 30,0 kg/m2 e 34,9 kg/m2, o grau Il tem IMC entre 35 kg/m2 e
39,9 kg/m2 e o grau lll ou obesidade morbida em que o IMC é maior ou igual a 40,0
kg/m2.) Em niveis mais elevados de excesso de peso o IMC excede 40 kg/m?,
caracterizando uma grave condicdo associada a doencas que sao causadas ou

agravadas por ele.®

A obesidade tem um papel importante na fisiopatologia de vérias doencas,
advindas de uma complexa interagdo de fatores nutricionais, genéticos e
metabdlicos. Devido a interacdo do tecido adiposo no metabolismo lipidico com a
glicose e, pelo baixo grau de inflamacédo, a obesidade deve ser entendida como
base para a ocorréncia de varias doencas e ndo apenas como excesso de tecido
gorduroso.®8)

Entre as comorbidades mais frequentes associadas a obesidade estdo
hipertensdo arterial sistémica (HAS)®), diabetes Mellitus tipo 1I®, apneia obstrutiva
do sono (AOS)10), artropatias degenerativas®®, dislipidemia, doenca arterial

coronariana?14 e distarbios psicossociais. 1

O principal objetivo do tratamento da obesidade é a melhora da qualidade de
vida relacionada a saude, o suficiente para eliminar ou reduzir as comorbidades e
promover o bem-estar psicologico, por meio da perda de peso obtida de uma

combinacao de restricdo caldrica, modificacdo comportamental e farmacoterapia.(®)

Infelizmente, a perda de peso resultante do tratamento clinico para obesidade
é dificilmente alcancada e sustentada.!”) Como a obesidade avancada permanece
em grande parte refrataria a dieta e terapia de drogas, a perda de peso em longo
prazo somente pode ser efetivamente mantida através da cirurgia bariatrica
(CB).(18.19)

Segundo o Conselho Federal de Medicina (CFM),?% a CB ¢é indicada para
pacientes com obesidade grau Il comprometidos por comorbidades que ameacem a
vida, tais como: diabetes, AOS, HAS, doencas cardiovasculares, dislipidemias, entre
outras e preconizada para pacientes com obesidade grau Il (obesidade morbida).
Os pacientes precisam ter mais de 18 anos e terem tratamento clinico prévio

insatisfatorio de, pelo menos, 2 anos.



Os procedimentos cirargicos que podem ser realizados no Brasil, liberados
pelo CFM sdo a banda gastrica ajustavel, gastrectomia vertical, derivacdes
biliopancreéticas e a derivagdo géastrica com reconstituicdo em Y de Roux (bypass
gastrico), sendo esta Ultima a cirurgia utilizada neste estudo.®?

Uma nova maneira de entender a obesidade ou o excesso de gordura
ganhou espaco desde 2005 quando a gordura corporal passou a ser entendida
como metabolicamente ativa, secretora e responsiva aos sinais moduladores de
apetite, balanco energético, sensibilidade da insulina, sistemas reprodutivos e
enddcrinos, metabolismo dsseo, inflamacgédo e imunidade.?V) O tecido adiposo do
individuo obeso apresenta um consideravel infiltrado de macréfagos, o que
explica o aumento da secrecdo de mediadores pro inflamatorios liberados pelo

tecido adiposo, confirmando o estado inflamatdrio associado a obesidade.(?27)

A correlacdo entre inflamacao e obesidade e sua alteracdo apdés a cirurgia
bariatrica foi bem demonstrado por uma revisdo sistematica que comprovou a
reducdo do indice de marcadores como a proteina C reativa (PCR) e de
interleucinas 6 (IL6), sugerindo uma diminuicdo dos valores do fator de necrose
tumoral alfa (TNFa), apesar de ndo se confirmar estatisticamente.® A relacdo
entre inflamacdo e obesidade jA se encontra muito bem documentada na
literatura, mais que isso, a sua melhora ap6s a CB, comprovada através da
andlise da PCR.(28-31)

Algumas pesquisas tém verificado a resposta inflamatéria pés CB. Em
2014, foi publicado um estudo que comparou os marcadores inflamatérios pré e
pOs gastrectomia vertical observando um decréscimo de 43% nos valores da
leptina no pds-operatdrio com 6 meses; entretanto 0s niveis de adiponectina se
elevaram, mas ndo significativamente.®® Um interessante estudo demonstrou
uma melhora do perfil inflamatério de individuos obesos moérbidos com dieta
hipocaldrica e perda de 9% do peso em 21 dias, sem reducado significativa do
TNFa, sugerindo a necessidade de se remover o tecido adiposo para se obter

uma melhora dos niveis de TNFa.(®3)



A resposta inflamatoria relacionada a obesidade tende a melhorar apos a
CB e a presenca do diabetes nédo interfere nos resultados pos-cirdrgicos se
comparados aos resultados poés-cirlirgicos dos obesos néo diabéticos. 4

Um estudo de Freitas Jr et al., mostrou que 6 meses apdés a CB, houve
melhora significativa em relacdo as variaveis metabdlicas e bioquimicas sanguineas
e aumento nos valores de adiponectina associado a uma reducdo dos niveis de
leptina e do TNF-a em pacientes obesos com indicacdo de cirurgia bariatrica. De
acordo com este estudo, a perda de peso induzida pela CB reduziu o estado

inflamatorio dos pacientes estudados.®>

Para a realizacdo deste estudo foi levantada a hipotese de que a perda de
peso induzida pela CB em pacientes obesos altera significativamente os niveis de
IGF1, IL-23 e resistina, reduzindo o estado inflamatério sistémico. Destaca-se que
ndo foi encontrado estudo na literatura envolvendo a andalise do comportamento

desses trés marcadores em mulheres obesas submetidas a CB.

2. OBJETIVOS

2.1. OBJETIVO GERAL

O obijetivo principal deste estudo foi verificar a resposta inflamatoria sistémica
através da andlise dos niveis de IGF1, IL-23 e resistina em amostras de sangue de

mulheres obesas antes e apods a realizagdo da CB.



2.2. OBJETIVOS ESPECIFICOS

e Caracterizar clinicamente uma populacdo de pacientes mulheres com

obesidade antes e ap0s a realizacéo da CB;

e Caracterizar os marcadores bioquimicos do sangue colesterol total,
LDL, HDL, colesterol total ndo HDL e glicose de pacientes mulheres

com obesidade antes e apos a realizacéo da CB;

e Investigar a associacao entre a inflamacao sistémica e a magnitude da
perda de peso induzida pela CB em pacientes mulheres obesas com

indicacao de CB.

3. CASUISTICA E METODO

3.1. DESENHO DO ESTUDO E CONSIDERACOES ETICAS

Trata-se de um ensaio clinico controlado randomizado envolvendo pacientes
do sexo feminino com diagnostico clinico de obesidade com indicacdo de CB,
recrutadas a partir do Ambulatério de Cirurgia da Obesidade da Irmandade da Santa
Casa de Misericérdia de Sao Paulo no periodo de janeiro a julho de 2016.

O desenho do estudo seguiu os padrdes do Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT)®®) e as normas éticas
estabelecidas na Declaracao de Helsinque 1961 (revista em Hong Kong em 1989, e
na Declaracdo de Edimburgo, na Escocia, em 2000) e Diretrizes e Normas
Reguladoras para Pesquisas Envolvendo Seres Humanos do Conselho Nacional de
Saude do Ministério da Saide, RESOLUCAO N° 466, de 12 de dezembro de 2012.

O desenho do estudo é apresentado na Figura 1.

A presente pesquisa foi aprovada pelo Comité de Etica em Pesquisa com
Seres Humanos da Santa Casa de Misericordia (processo numero 178/2012) e
registrada no ClinicalTrials.gov NCT02409160. De todos os pacientes envolvidos no
estudo foi exigido o Termo de Consentimento Livre Esclarecido (TCLE) sendo

permitido o afastamento a qualquer tempo sem onus.
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Figura 1 . Fluxograma do estudo



Este estudo foi realizado na Faculdade de Ciéncias Médicas da Santa Casa de
Sdo Paulo, tendo os médicos e cirurgides do Departamento de Cirurgia da
Obesidade do Hospital realizado todos os procedimentos cirargicos. Os testes com
as amostras de sangue foram realizados no proprio Hospital da Irmandade da Santa
Casa de Misericordia de Sao Paulo e no Laboratorio de Imunologia da Universidade

Federal de Sao Paulo (UNIFESP), campus Séo José dos Campos.
3.2. SELECAO DOS PACIENTES

Foram envolvidos neste estudo, pacientes do sexo feminino, obesas com
indicacdo cirargica, diagnostico clinico prévio baseado em exames clinicos e
laboratoriais, em lista de espera para CB, de acordo com os critérios de indicacéo
(IMC maior ou igual a 40 kg / m? ou IMC entre 35 kg / m? e 39,9 kg / m? associado a

comorbidades).

As patrticipantes clinicamente estaveis foram recrutadas de forma consecutiva
na Unidade de Cirurgia da Santa Casa de Misericordia de S&o Paulo e selecionadas
de acordo com os critérios de elegibilidade estabelecidos pelo protocolo do estudo.
Algumas pacientes que ndo atenderam aos critérios de inclusdo e ndo apresentaram
necessidade urgente de realizacdo da cirurgia foram alocadas no grupo controle, ou

seja ndo se submeteram a CB por um periodo de seis meses.

Apdés esse intervalo de tempo, foram encaminhadas aos procedimentos
cirdrgicos. Todos os pesquisadores envolvidos na interpretacdo dos testes clinicos

estavam “cegos” quanto a composicao dos grupos de estudo.

As pacientes foram examinadas no pré-operatorio e aos 6 meses apos a
realizacdo da cirurgia bariatrica. As participantes do grupo controle (GC) foram
avaliadas no inicio do estudo, quando aconteceu a randomizacéo e 180 dias apoés a
primeira avaliagdo. Essas pacientes foram orientadas a manterem a rotina diaria de
vida, principalmente quanto as atividades fisicas e aos habitos alimentares.
Qualquer alteracdo da rotina deveria ser comunicada aos pesquisadores. As
pacientes do Grupo Cirurgia Bariatrica (GCB) foram avaliadas no pré-operatorio e

em 180 dias ap0s a realizacéo do procedimento cirdrgico.



3.3. CRITERIOS DE INCLUSAO

Como critérios de incluséo, foram envolvidos pacientes do sexo feminino, com
idade entre 18 e 65 anos, com obesidade grave nivel Il (IMC 240 kg/m? ou 235
kg/m? associado a comorbidades) em lista de espera para CB, com histéria
documentada de fracasso na perda de peso convencional e capacidade para

entender, concordar e assinar o TCLE.

3.4. CRITERIOS DE EXCLUSAO

Os critérios de exclusdo observados foram a instabilidade clinica e/ou mental;
IMC> 55 kg / m2; peso alvo ndo realista pds-operatério e/ou expectativas nao
realistas quanto ao tratamento cirdrgico, cancer ativo, gravidez, aleitamento ou
gravidez planejada dentro de 2 anos, portadoras de psicopatias (esquizofrenia ou
depressao), pacientes com diagndéstico de epilepsia e doencas de origem genética.
A auséncia de acesso seguro a cavidade abdominal ou ao trato gastrintestinal, o uso
abusivo de alcool ou drogas e/ou qualquer condicdo cardiorrespiratoria e/ou médica

que contraindicasse a cirurgia bariatrica também foram observados.

3.5. PROTOCOLO DO ESTUDO

3.5.1. AVALIACAO CLINICA

As pacientes em ambos os grupos foram avaliadas para se obter dados
referentes a histéria clinica e cirGrgica, medicacdo concomitante, dados
demograficos, medidas antropométricas, pressées sanguineas arteriais periféricas e
valores de testes bioquimicos. Todas as avaliac6es foram realizadas antes e aos 6
meses apos a CB, pela mesma equipe de pesquisadores, médicos e fisioterapeutas.

As pacientes do GC também foram avaliadas seis meses apds a primeira avaliagao.

A avaliacdo clinica dos pacientes foi realizada no Ambulatorio de Cirurgia
Bariatrica da Santa Casa de Misericordia de S&o Paulo, sendo coletados os dados
pessoais, avaliacdo objetiva da frequéncia cardiaca, frequéncia respiratéria, pressao

arterial sistémica, ausculta pulmonar, peso e altura, para célculo do IMC.



A pressao arterial sistémica sistélica (PAS) e diastélica (PAD) foi aferida apés o
individuo permanecer deitado em repouso durante cinco minutos, pelo método
auscultatorio. A avaliacdo do peso e altura foi realizada com os pacientes vestindo
roupas leves, sem sapatos e depois de esvaziar a bexiga, por meio de um
estadidmetro eletrénico digital (modelo 200/5, Welmy Industria e Comércio Ltda.,
Séao Paulo, Brasil). O célculo do IMC foi obtido através da divisdo do peso (kg) pela

altura ao quadrado (m?), de acordo com a classificacdo da OMS.(16)

As informagdes clinicas sobre possiveis sinais e sintomas, tais como a
presenca de tosse, expectoracao, dispneia, fadiga, presenca de doencas associadas
e possiveis exacerbacoes, as drogas em uso e as comorbidades presentes foram
coletadas a partir dos prontuarios dos pacientes no Hospital da Irmandade da Santa

Casa de Misericordia de Sao Paulo.
3.5.2. COLETA DE SANGUE, PREPARACAO E ANALISE.

Foram obtidas amostras de sangue venoso no pré-operatério (5 ml), apés 12 h de
jejum, através de puncédo venosa cubital, colhidos em tubos de vacuo (Vacuette do
Brasil Ltda, Campinas, Brasil) com ativador de coagulos séricos ou &cido

etilenodiaminotetraacético (EDTA K3) para preparacdo do plasma.

A contagem de células de sangue total foi realizada através de um analisador
de hematologia (XS-800i, Sysmex, Roche, CA, EUA). Foram utilizados kits
comerciais (Gold Analisa Diagnostica Ltda, MG, Brasil) através do sistema
SpectraMax i3 (Molecular Devices, Sunnyvale, CA, EUA) para determinar os niveis
de colesterol lipoproteico de alta densidade, colesterol lipoproteico de baixa

densidade, colesterol total, triglicerideos e glicose.

Os marcadores inflamatérios analisados foram IGF-1, IL-23 e resistina
utilizando kits de ensaio de imunoabsor¢cdo enzimatica da R & D Systems
(Minneapolis, MN, EUA) e Biolegend (Sellex Inc., Washington, DC, EUA), de acordo
com as recomendacdes do fabricante. A coleta e analise de amostras de sangue
para o grupo controle foi realizada durante a avaliacao inicial e durante um follow-up

de seis meses.
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3.5.3. CIRURGIA BARIATRICA

A técnica bypass gastrico em Y de Roux (RYGB) € o padréo ouro para a CB.
A cirurgia tem caracteristicas restritivas e mal absortivas, com base na combinagéo
de uma bolsa gastrica pequena e um bypass total do duodeno e jejuno proximal. Os
procedimentos cirurgicos foram realizados no Departamento de Cirurgia Bariatrica
da Irmandade da Santa Casa de Misericérdia de Sao Paulo, ligada a Faculdade de
Ciéncias Médicas da Santa Casa de Sao Paulo, por cinco cirurgides que utilizaram
uma técnica aberta padrdo de RYGB.G” Esse procedimento contribui para o
sucesso clinico da cirurgia, alterando a secrecdo de hormoénios que influenciam a
regulacéo da glicose e as percepcdes do paciente sobre fome e saciedade. Todos

os pacientes foram submetidos a protocolos anestésicos e cirtrgicos idénticos.

Esodfago

Bolsa
estomacal

Estémago com
bypass gastrico

Duto cistico
Pancreas
Vesicula

biliar
Duto pancreatico

Intestino

Duto biliar comum delgado

Intestino delgado

e =3 Alimento
com bypass gastrico

---=» Sucos digestivos

%

Figura 2. Desenho esquematico da técnica operatoria
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3.6. DESFECHOS

O desfecho primério foi a alteragdo do estado inflamatério sistémico aos 6
meses apos a CB, caracterizado pelos niveis dos marcadores inflamatorios IGF1, IL-
23 e resistina no sangue. Como desfecho secundario foram observadas alteracfes

nas variaveis clinicas e antropomeétricas das pacientes.
3.7. ANALISE ESTATISTICA

Na andlise estatistica, inicialmente foi empregado o procedimento de
identificacdo de valores outliers para evitar uma possivel tendéncia dos resultados.
Em seguida, os dados foram submetidos aos testes de Normalidade de Shapiro-Wilk
e D’Agostino & Pearson para verificacdo da proximidade com a curva normal. Entre
as variaveis que apresentaram proximidade com a normal, foi testada a diferenca

entre as médias dos valores dessas variaveis através do Teste de t-Student.

Na comparacdo entre as variaveis de controle e experimentais, utilizou-se
ANOVA one-way com pés-teste de Dunn para analisar possiveis tendéncias e a
correlagcdo produto-momento de Pearson. Nos casos em que ndo se observou a
proximidade com a curva normal, usou-se o Teste de Wilcoxon para verificagcdo da

diferenca, o Teste de Friedman e a correlagdo de postos de Spearman.

Os dados numéricos sdo apresentados como média e desvio padrdo no caso
de variaveis com distribuicdo normal e mediana e intervalo interquartil para variaveis
com distribuicdo assimétrica. Os dados categoéricos estdo descritos em numero
absoluto e porcentagem do total. Para o tratamento estatistico, foi utilizado o
software estatistico (Statistical Package for Social Sciences SPSS 21.0® (Chicago,

IL, USA). O nivel de significancia foi definido em 5% para todos os testes (p<0,05).
3.8. CALCULO AMOSTRAL

O célculo do tamanho da amostra foi baseado no estudo anterior de Freitas Jr et
al.®® (2017) que identificou os pardmetros plasmaticos de TNFa dos pacientes
obesos graves antes e ap0s a cirurgia bariatrica. Observando se uma margem de
erro de 0,05 e um nivel de significancia de 95% ser&o necessarios 24 pacientes para

se detectar um tamanho de efeito de 0,88.
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4. RESULTADOS

De uma amostra inicial de 216 pacientes, mulheres com obesidade com
indicacao cirdrgica em lista para CB, convidadas a participar do estudo, foram
consideradas elegiveis 134 pacientes do Ambulatério de Cirurgia Bariatrica da Santa
Casa de Misericérdia de S&do Paulo. Durante o estudo, algumas pacientes foram
excluidas e substituidas por outras, de acordo com o fluxograma do estudo (Figura
1). As caracteristicas antropométricas, demograficas e clinicas das 61 pacientes
envolvidas no estudo sdo apresentadas na Tabela 1 e os valores referentes a
bioquimica do sangue constam na Tabela 2 e as principais comorbidades

observadas na Tabela 3.

TABELA 1 — Caracteristicas antropométricas, demograficas e clinicas das 61
pacientes do estudo, coletadas no Ambulatério de Cirurgia Bariatrica da Santa Casa
de S&o Paulo coletadas de janeiro a julho de 2016.

Variaveis GC-1° GC- 2° P GCBpré GCB pés P
(n=11) (n=11) (n=50) (n=50)

Género (%)

Mulheres 11 (100%) 11 (100%) 50 (100%) 50 (100%)

Idade (a) 42,09 + 12,69 42,09+ 12,69 ns 42,46+ 9,80 42,46 + 9,80 ns

Peso (kg) 112,64 +17,12 114,45+16,84 * 125,48 + 20,35 87,66 + 15,29 ok

Altura (cm) 155,82 + 88,45 155,82 + 8,45 ns 162,74 + 6,32 162,74 + 6,32 ns

IMC (kg/m2) 46,35 + 5,46 47,10 £ 5,12 *  47,25%6,22 33,09 + 5,46 ek

Raca (%)

Brancos 7 (64%) 7 (64%) 44 (88%) 44 (88%)

Pardos 2 (18%) 2 (18%) 4 (8%) 4 (8%)

Afro-A 2 (18%) 2 (18%) 2 (4%) 2 (4%)

PAS (mmHg) 126,2+7.4 126,4+11,6 ns 129,58+ 17,74 119,84 + 6,44 ik

PAD 86,9+7.1 86,2+3,9 ns 87,6+ 1555 77,10 + 4,53 ik

(mmHg)

Nota: GC-1°: grupo controle primeira avaliagdo; GC-2°: grupo controle segunda avaliago; GCB: grupo cirurgia bariatrica; Kg:
Quilograma; IMC: indice de massa corporal; Cm: centimetros; m2: metros quadrados; Afro-A: afroamericano; PAS: presséo
arterial sistolica; PAD: presséo arterial diastélica; mmHg: milimetros de mercurio. Dados estdo expressos em nimeros absolutos,
porcentagem, média e desvio padrao.

Observando-se a Tabela 1, pode-se destacar que nao foi identificada diferenca
significativa entre as variaveis de idade, peso e IMC durante a primeira avaliacéo
entre os grupos GC e GCB mostrando homogeneidade da amostra durante a

randomizacdo. Em relagcdo a etnia, observa-se o predominio de caucasianos.
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Entretanto, quando se compara valores referentes ao peso, IMC, PAS e PAD dos
pacientes do GCB pré e pés-cirurgia nota-se diferenca significativa, também

destacada na Figura 2.
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Figura 3. Valores antropométricos das pacientes envolvidas no estudo

Na tabela 2, pode-se observar que dos valores referentes a analise bioquimica
do sangue dos pacientes do GC apenas a glicose apresentou diferenca significativa
guando comparada na primeira e na segunda analise. Entretanto, quando se analisa
os valores no GCB identifica-se uma consideravel diferenca, se comparados aos
valores pos cirurgia. Esse comportamento também esta demonstrado na Figura 3.

TABELA 2 — Bioguimica do sangue das 61 pacientes do estudo, coletadas no
Ambulatério de Cirurgia Bariatrica da Santa Casa de Sao Paulo coletadas de janeiro
a julho de 2016.

Variaveis GC-1° GC-2° p GCB pré GCB pés (n=50) p
(n=11) (n=11) (n=50)

Glicose 101,00 + 5,35 105,64 + 4,86 ** 103,76 + 86,00 + 8,28 el

(mg/dL) 13,05

Colesterol 195,36 + 23,34 194,00 +21,52 ns 198,20 + 121,60 +21,74 Frkx

total mg/dL) 33,25

HDL 41,45 + 6,95 44,18 £ 6,72 ns 46,64 +13,15 52,91 +10,65 **

(mg/dL)

LDL (mg/dL) 116,00 £ 35,92 121,18 +23,97 ns 133,18 + 97,22 +20,13 ok

30,24

VLDL 28,32 + 11,37 29,74+09,54 ns 29,82+13,25 27,34+571 ns

(mg/dL)

Triglicérides 125,55 + 42,22 124,82 + 42,03 ns 154,06 + 91,04 +19,90 el

(mg/dL) 57,05

Nota: GC - 1°: grupo controle primeira avaliagdo; GC - 2°: grupo controle segunda avaliagdo; GCB: grupo cirurgia bariétrica;
mg/dL: miligramas por decilitro; HDL: High Density Lipoproteins; LDL: Low Density Lipoproteins; VLDL: Very Low Density
Lipoproteina. Dados estédo expressos média e desvio padréo.
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Figura 4. Valores bioquimicos do sangue das pacientes envolvidas no estudo.

)

wu
o o
Glicemia (mg/dL)
a
3
Colesterol ndo-HDL (mg/dL)
g 8

Pés Pré Pés
GCB

J ook ok ok
T T

Pré

GC

A tabela 3 mostra as principais comorbidades, observando-se uma maior
prevaléncia de HAS, artrose e diabetes mellitus tipo 2.

TABELA 3 - Principais comorbidades observadas nas 61 pacientes do estudo,
coletadas no Ambulatério de Cirurgia Bariatrica da Santa Casa de Sao Paulo
coletadas de janeiro a julho de 2016.

Variaveis N (62) %

Hipertenséo Arterial Sistémica 16 32
Artrose em joelhos 14 28
Diabetes Mellitus tipo 2 10 20
Depressao 10
Lombalgia

Hipotireoidismo

Dislipidemia

Dispneia

Colelitiase Biliar

Mioma

Ansiedade

Apnéia do sono

Infarto Agudo do Miocardio
Hérnia Epigéastrica
Endometriose

Acidente Vascular Encefalico
Fibromialgia

Incontinéncia Urinaria

Gota

Neoplasia

Reumatismo 1

[EEY
o

R RRRPRRERERNNNMNNODNDDNDNOGO
NNNMNNMNNNMNNMNDAEDMNDMDNOOOWO©OODO®

Nota: Dados esté@o expressos em numeros absolutos e porcentagem.
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Na tabela 4, observa-se os valores referentes aos marcadores inflamatorios
analisados no pré e pés-cirurgia para o GCB, no inicio do estudo, e seis meses
depois de acompanhamento para o GC. Os niveis de resistina, IGF-1 e IL-23
apresentaram uma diferenca significativa no GCB pré e pds-cirurgia e para o GC
apenas a IL-23 apresentou diferenca significativa. Esse comportamento também
pode ser observado na Figura 4. Na Figura 5 observa-se algumas correlacbes

significativas entre os niveis de IGF-1, HDL e Colesterol Total com IMC e peso.

TABELA 4 — Marcadores inflamatdrios do sangue das 61 pacientes do estudo,
coletados no Ambulatério de Cirurgia Bariatrica da Santa Casa de S&o Paulo
coletadas de janeiro a julho de 2016.

Variaveis GC-1° GC-2° p GCB pré GCB p6s p
(n=11) (n=11) (n=50) (n=50)

Resistina 0,49+0,14 0,85+0,19 ns 0,52+0,40 0,14 +0,15 i

IL-23 0,48 £ 0,07 0,74 £ 0,15 *x 0,86 + 0,55 0,22 +£0,23 ok

IGF-1 0,34+0,12 0,46 £0,17 ns 0,24 £ 0,26 0,50+0,34 ok

Nota: GC - 1°: grupo controle primeira avaliacido; GC - 2°: grupo controle segunda avaliacéo; IL-23: Interleucina 23; IGF-1:
fatores de crescimento semelhante a insulina; Dados estdo expressos média e desvio padrédo ; GC: grupo controle; GCB: grupo
cirurgia bariatrica.
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Figura 5. Valores de resistina, IGF-1 e IL-23 das pacientes envolvidas no estudo
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Figura 6. Correlacdes entre os marcadores IGF-1, Colesterol Total e colesterol de
alta densidade (HDL) com IMC e peso das pacientes ap0s a cirurgia bariatrica.
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5. DISCUSSAO

A obesidade € caracterizada por um estado inflamatério de baixo grau
denominado de inflamome, que é refletido por aumentos crénicos nas concentracdes
circulantes de marcadores inflamatérios.®® Esse padrdo de inflamacdo pode se
originar parcialmente do tecido adiposo, 0 que é consistente com as associacfes

entre diversos marcadores inflamatérios e adiposidade central.(3940)

Apesar do papel do tecido adiposo na inflamagdo relacionada a obesidade,
apenas alguns estudos exploraram a relacdo entre marcadores inflamatérios
sisttmicos em amostras de sangue em jejum. Portanto, € necessaria uma
caracterizacdo mais especifica dos marcadores inflamatorios no sangue e nos
tecidos adiposos de pacientes obesos grave antes e apés a CB, bem como uma
avaliac@o da possivel associagdo com comorbidades.

O tratamento da obesidade tem sido estudado por diversos autores ao redor do
mundo. A CB tem se mostrado muito efetiva no tratamento da obesidade e cada vez
mais ganha espaco na resolucdo desse problema. Os pacientes submetidos a CB
sabem que esse procedimento ndo é uma cura, mas o possibilita de ter uma melhor

qualidade de vida e uma maior longevidade.

Esse estudo prospectivo caracterizou clinicamente uma populacédo de pacientes
do sexo feminino, com obesidade e submetidos a CB. Além dos exames clinicos de
rotina, incluindo bioquimica do sangue, também foram analisados trés marcadores

inflamatorios especificos resistina, IL-23 e IGF-1.

Todas as pacientes foram submetidas ao mesmo protocolo pré e pos-
operatorio do Servico de Obesidade da Santa Casa de Misericordia de S&o Paulo,
gue incluiu assisténcia psicoldgica e nutricional com informagdes educacionais para
a realizacdo de um pés-operatorio adequado. As pacientes do grupo CB foram
submetidas a técnica Bypass; que consiste na realizacdo de uma bolsa gastrica com

uma derivacao intestinal em Y de Roux.
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Em relacdo as caracteristicas demogréficas e clinicas da populacédo estudada,
pode-se observar que ndo houve diferenca significativa para as variaveis de idade,
peso e IMC, mostrando a homogeneidade da populacdo quanto ao GC. Algumas
correlagbes importantes em nosso estudo foram observadas entre HDL e IMC e

entre colesterol total e peso.

Neste estudo, foi observada uma relacdo inversa entre HDL e IMC como ja
verificado no recente estudo de Lima Junior et al.#142 realizado em 2020 que
mostrou que em individuos com IMC aumentado, a disfun¢do do HDL (reducéo) esta
diretamente associada ao aumento da carga aterosclerética. Também foi
evidenciada uma relacdo direta entre colesterol total e peso, onde o aumento do

colesterol foi proporcional ao aumento de peso de acordo com Lima Junior et al.(41:42)

Outro importante fato a destacar é que a perda de peso induzida pela CB esta
associada a reducéo da incidéncia dos eventos cardiovasculares mais relevantes em
pacientes obesos, incluindo infarto agudo do miocardio e acidente vascular

cerebral.(4d

A resistina é caracterizada como uma adipocina inflamatéria, secretada
principalmente por adipécitos e macrofagos encontrados no tecido adiposo visceral.
Ela é considerada uma adipocina pré inflamatéria por sua acdo de estimular
citocinas sabidamente pré-inflamatdrias, como TNF -alfa e IL-6.¢4445 Varios estudos
mostram que a resistina estd intimamente ligada a resisténcia insulinica em
pacientes obesos.?#44651) A resistina esta envolvida em processos patolégicos que
levam a alteragcbes cardiovasculares, como disfuncdo endotelial, trombose,
angiogénese e disfuncédo das células musculares lisas.®? Uma metanalise realizada
em 2017 mostrou que concentracdes mais altas de resistina estdo associadas a

maior mortalidade cardiovascular.®3

Estudos recentes tém demonstrado uma significativa relagédo da resistina com
diversos tipos cancer. O aumento da resistina esta relacionado ao aumento da
incidéncia de cancer de mama® e cancer hepatico avancado.®® Uma interessante
metanalise publicada em 2016 mostrou a relagédo do cancer de colon retal com o

aumento da resistina, quando comparado a pacientes sem cancer de célon retal.(®)
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De acordo com o estudo de Min Zhang et al.®"), os autores concluiram que a
resistina aumentada tem um papel na patogénese do cancer de pancreas. Em 2018,

outro estudo evidenciou a relacédo do cancer de ovario com a resistina.(®®

Em outro estudo, por meio de uma metanalise, os autores mostraram que 0s
niveis circulantes de resistina se encontram mais elevados em pacientes com cancer

relacionados a obesidade, mostrando que a resistina é um biomarcador

independente de risco de cancer relacionado a obesidade.®?

A regulacdo negativa da expressdo génica da resistina apés a CB pode
desempenhar um papel importante na normalizacdo da resisténcia a insulina
associada a obesidade.*”) Também se observa uma associacdo entre a resistina,

aumento do tecido adiposo visceral e a sindrome metabdlica.®%

O estudo de Elena Parrefio et al.6) realizado em 2017 ndo demonstrou
nenhuma alteracdo da resistina antes e apos 12 meses da CB. Em uma metanélise
realizada em 2020 por Moein Askarpour et al.®® os niveis de resistina ndo foram
alterados pela CB. No entanto os autores ponderam que uma andlise de
sensibilidade significativa para a resistina sugere que os achados deles devem ser
interpretados com cautela. Esses resultados se divergem daqueles observados no
presente estudo; entretanto, no citado estudo o periodo de analise no pos operatério

foi maior.

Neste estudo os niveis de resistina reduziram-se significativamente nos
pacientes apds seis meses da CB. Isso pode mostrar a relacdo da obesidade com
elevados valores de resistina e sua reducéo apds a CB. Pode-se com isso supor que
a diminuicéo do nivel de resistina apés a CB € um fator protetor para alguns tipos de
cancer, doengas cardiovasculares e sindrome metabolica, aléem de ser um potencial

preditor de obesidade.

No entanto, concordamos com Zeynep Goktas et al.**) que mais estudos séo
necessarios para investigar a relagcdo entre os niveis de resistina plasmatica e a

reducao de peso.
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O IGF-1 (fator de crescimento de insulina simile 1) € um fator de crescimento
peptidico que apresenta elevado grau de homologia estrutural com a pro-insulina e
tem atividade sobre o metabolismo intermediario, a proliferacdo, o crescimento e a
diferenciacdo celular, sendo produzido na maioria dos 6Orgdos e dos tecidos do
organismo. Sua secrecao ocorre na medida em que sédo produzidos, ndo existindo
um Orgdo de armazenamento, tendo o figado como o principal 6rgdo produtor de
IGF-1. O GH (hormdnio do crescimento) € um dos principais promotores da
producdo de IGF-1 no entanto o estado nutricional e o aporte proteico-calérico

também desempenham papel relevante.®

Um estudo recente demonstrou que pacientes obesos mérbidos (IMC > 40),
submetidos a CB apresentaram uma significativa elevacdo do IGF-1 circulante
voltando aos niveis de normalidade.®? Pode-se observar neste estudo, na Figura 3,
uma correlacdo inversa entre IGF-1 e o peso. O IGF-1 baixo esta relacionado
substancialmente ao IMC elevado em condi¢do pré-cirlrgica e sua recuperacéo ou
persisténcia apds a cirurgia estd relacionada principalmente as modificacdes

nutricionais induzidas pelo procedimento cirtrgico.®3

A obesidade esta associada ao comprometimento da secrecdo do hormonio
do crescimento, que por sua vez regula a producédo do IGF-1. Assim, baixos valores
de IGF-1 sdo observados em individuos obesos. A descoberta de baixos niveis de
IGF-1 circulante na obesidade visceral é de duplo interesse, ja que a massa de
gordura visceral desempenha um papel crucial no desenvolvimento de doencas
relacionadas a obesidade. Relatos recentes sugerem que baixos niveis de IGF-I
estdo intimamente ligados a patogénese do diabetes Mellitus tipo Il e doenca

cardiovascular.©4-66)

Um estudo recente de Dichtel et al.6”) mostrou que niveis baixos de IGF-1
sérico estdo associados ao aumento da gravidade histolégica de doenca hepética
gordurosa nao alcéolica. A mera deficiéncia parcial de IGF-1 em animais mostrou

produzir disfungdo mitocondrial.
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Alguns estudos tém demonstrado que a disfuncdo mitocondrial compromete a
sinalizacdo da insulina e a capacidade oxidativa da cadeia de transporte de elétrons
mitocondrial. Nas doencas neurodegenerativas, foi encontrada uma disfuncao

mitocondrial, levando a um aumento do estresse oxidativo.

A administracdo de baixas doses de IGF-1 tem efeitos benéficos restaurando
0s seus niveis fisiologicos e melhorando a resisténcia a insulina. A sua
administracdo em baixas doses também tem efeitos hepatoprotetores,

neuroprotetores e antioxidantes e exerce prote¢do mitocondrial.(68:69)

Um outro interessante estudo demonstrou que os niveis circulantes de IGF-I
livre de 24 horas e basal foram significativamente reduzidos em mulheres obesas
em paralelo com a baixa liberagéo de GH de 24 horas e ambos foram normalizados

apos a perda de peso induzida por dieta.("®

O sistema IGF, incluindo IGF-1, tem sido implicado na oncogénese de
essencialmente todas as malignidades sélidas e hematolégicas. O envolvimento
central da sinalizacdo de IGF na proliferacéo, sobrevivéncia, invasao e metastase de

células tumorais torna-o um alvo terapéutico atraente.("?

Nesse estudo os niveis de IGF-1 aumentaram significativamente apds seis
meses da CB o que corrobora com o recente estudo de Valifia et al.(®? realizado em
2020 e o de Pellitero et al.®® em 2013. O aumento significativo nos niveis de IGF-1
demonstrou o efeito protetor da perda de peso apés a CB para resisténcia a insulina,
para doenca gordurosa do figado ndo alcodlica, doencas neurodegenerativas,(©®)

entre outras.

7

Em contrapartida, € importante destacar que o aumento do IGF-1 apds a
perda de peso induzida pela cirurgia ndo mostra um aumento na incidéncia de
canceres solidos. Sabemos que a obesidade é um fator de risco para varios tipos de
canceres e a CB € um evidente fator protetor contra o cancer. Portanto a relagédo
entre IGF-1, obesidade, cancer e CB deve ser mais estudada para sua melhor

elucidagéo.
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A citocina proé-inflamatoria 1L-23 esta aumentada em mulheres obesas, mas
nao sugere um papel patogénico em disturbios metabdlicos que acompanham a
obesidade. A IL-23 estimula a produc¢do de IL-17 que esta envolvida na inducdo de
mediadores potencialmente prejudiciais da inflamacdo como o TNF, IL-6, IL-1 e
oxido nitrico o que torna a IL-23 uma citocina pro-inflamatoria. Também € observado

que macroéfagos derivados do tecido adiposo humano expressam a IL-23.(72)

A IL-23 tem um papel regulador crucial na inflamagéo intestinal crénica e no
cancer associado a colite. De acordo com o estudo de Neurath et al.("® realizado em
2019, estratégias terapéuticas que visam o blogueio da IL-23 podem ser de

relevancia fundamental para a terapia futura dessas doencas.

Clinicamente, a IL-23 apresenta uma super expressdo em varios tipos de
cancer.("475) A |L-23 através do eixo pré-inflamatoério pode promover a carcinogénese
do cancer de célon.(’7) Uma bactéria do célon Bacteroiides fragilis enterotoxigénica
pode induzir colite e tumor de colon mediado pela via IL-23/IL-17. Shaoguang Wu et

al. mostraram que o bloqueio dessa via aboliu a formac&o de tumor colénico. (/8

A amostra de pacientes, mulheres obesas do GC, apresentava elevados
niveis de IL-23 enquanto as pacientes do GCB tiveram uma melhora significativa dos
niveis de IL-23 apds 6 meses da CB. Esses resultados supdem que a perda de peso
induzida pela CB causa uma melhora nos niveis de IL-23, levando a uma diminuicao
da inflamacao crénica de baixo grau da obesidade, diminuindo com isso a incidéncia

de cancer nesses pacientes.

Estudos subsequentes com inibidores da IL-23, para tratamento e prevencao
de alguns cénceres devem ser realizados para um melhor entendimento da relacao

obesidade, IL-23 e o cancer.

Alguns autores tém sugerido novas classificacdes relacionadas a obesidade
gue cada vez menos valorizam os dados antropométricos como o IMC e cada vez
mais valorizam o perfil inflamatério e metabdlico. Um estudo de De Lorenzo et al.

(2016) realizado em 2016, sugere uma nova classificacdo para obesidade.
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De acordo com os autores, além do individuo magro de peso normal, existem
outros quatro fendtipos a destacar: “obeso de peso normal”’, “metabolicamente
obeso de peso normal’, “obeso metabolicamente saudavel” e “obeso
metabolicamente ndo saudavel”. Os individuos sao estratificados em fungéo do perfil
metabdlico e inflamatorio, a despeito do IMC. Ainda, esta estratificacdo apresenta

uma relagdo direta com o risco cardiovascular.*?

Esta nova classificagdo que n&o considera o IMC e sim o perfil metabdlico nos
parece interessante para discussdo de critérios de indicacdo de CB. Os marcadores
utilizados em nosso trabalho poderiam contribuir para melhor determinar os obesos
que necessitam do tratamento com CB em funcdo do seu perfil inflamatério. No
entanto serdo necessarios novos estudos com a caracterizacdo dos valores normais

de cada marcador inflamatorio e a real importancia de cada um desses marcadores.
6. CONCLUSAO

De acordo com o estudo realizado, pode-se concluir que a perda de peso
induzida pela CB reduziu o estado inflamatério crénico em mulheres obesas com
indicacdo cirdrgica, verificados através das alteracfes nos niveis dos marcadores
inflamatorios resistina, 1L-23 e IGF-1 em amostras de sangue. Também se pode
concluir que os marcadores bioquimicos do sangue colesterol total, LDL, HDL,
colesterol total ndo HDL e glicose apresentaram significativa diferenca ap6s a

realizacdo da CB, reducao condizente com uma melhora clinica.
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RESUMO

Sousa ART. Perfil inflamatério em mulheres obesas graves submetidas a cirurgia
bariétrica: ensaio clinico randomizado e controlado. Dissertacdo [Mestrado]. Sao
Paulo: Faculdade de Ciéncias Médicas da Santa Casa de S&o Paulo; 2021.

A obesidade cresce de maneira relevante a cada ano. Desde 1980, a
prevaléncia de pessoas obesas praticamente dobrou. A estimativa da Organizacao
Mundial de Saude para 2014 era de 1,9 bilhdes pessoas com sobrepeso, sendo que
600.000.000 seriam de individuos obesos. Isto representa que 13% da populacéo
adulta eram de pessoas obesas e 39% com sobrepeso. Ainda, os dados da OMS
revelam gue existem mais pessoas morrendo pela obesidade que da desnutricdo ao
redor do mundo. A obesidade tem um papel importante na fisiopatologia de varias
doencas, advindas de uma complexa interacdo de fatores nutricionais, genéticos e
metabdlicos. Devido a interacdo do tecido adiposo no metabolismo lipidico e da
glicose e, pelo baixo grau de inflamacédo, a obesidade deve ser entendida como
base para a ocorréncia de varias doencas e nao apenas como excesso de tecido
gorduroso. O objetivo principal deste estudo foi verificar a resposta inflamatoria
sistémica através da analise dos niveis de IGF1, IL-23 e resistina em amostras de
sangue de mulheres obesas graves antes e apos a realizacéo da cirurgia bariatrica.
Trata-se de um ensaio clinico controlado randomizado envolvendo pacientes do
sexo feminino com diagndstico clinico de obesidade grave com indicacao de cirurgia
bariatrica, recrutadas a partir do Ambulatorio de Cirurgia Gastrica da Irmandade da
Santa Casa de Misericordia de Sao Paulo. Nao foi observada diferenca significativa
entre as variaveis de idade, peso e IMC durante a primeira avaliacdo entre 0s grupos
controle (GC) e cirurgia bariatrica (GCB) mostrando homogeneidade da amostra
durante a randomizacdo. Em relacdo a etnia, observamos o predominio de
caucasianos. Entretanto, quando comparamos os valores referentes ao peso, IMC,
PAS e PAD dos pacientes do GCB pré e pés-cirurgia nota-se diferenca significativa.
Foi observado que os valores referentes aos marcadores inflamatérios analisados
pré e poés cirurgia para o GCB e no inicio do estudo e seis meses depois de
acompanhamento para o GC. Os niveis de resistina, IGF-1 e IL-23 apresentaram
uma diferenca significativa no GCB pré e pés cirurgia e para o GC apenas a IL-23
apresentou diferenca significativa. Podemos concluir que a perda de peso induzida
pela CB reduziu o estado inflamatdrio crénico em mulheres obesas graves,
verificados através dos marcadores inflamatérios resistina, IL-23 e IGF-1 em
amostras de sangue. Também podemos concluir que os marcadores bioquimicos
do sangue colesterol total, LDL, HDL, colesterol total ndo HDL e glicose
apresentaram significativa diferenca apds a realizacdo da CB, reducédo condizente
com uma melhora clinica.

Palavras chave: 1. Obesidade grave; 2. Cirurgia bariatrica; 3. Inflamacéo; 4.

Resposta inflamatoria.
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ABSTRACT

Sousa ART. Inflammatory profile in severely obese women undergoing bariatric
surgery: a randomized controlled clinical trial. Thesis (Master's degree]. Sdo Paulo:
Faculty of Medical Sciences, Santa Casa de S&o Paulo; 2021.

Obesity grows significantly each year. Since 1980, the prevalence of obese people
has almost doubled. The World Health Organization's estimate for 2014 was 1.9
billion overweight people, of which 600,000,000 would be obese individuals. This
represents that 13% of the adult population were obese and 39% overweight.
Furthermore, WHO data show that there are more people dying from obesity than
from malnutrition around the world. Obesity plays an important role in the
pathophysiology of various diseases, arising from a complex interaction of nutritional,
genetic and metabolic factors. Due to the interaction of adipose tissue in lipid and
glucose metabolism and, due to the low degree of inflammation, obesity must be
understood as the basis for the occurrence of various diseases and not just as
excess fatty tissue. The main objective of this study was to verify the systemic
inflammatory response by analyzing the levels of IGF1, IL-23 and resistin in blood
samples from severely obese women before and after bariatric surgery. This is a
randomized controlled clinical trial involving female patients with a clinical diagnosis
of severe obesity with indication for bariatric surgery, recruited from the Gastric
Surgery Clinic of the Irmandade da Santa Casa de Misericordia de Sao Paulo. There
was no significant difference between the variables of age, weight and BMI during
the first assessment between the control (CG) and bariatric surgery (GCB) groups,
showing sample homogeneity during randomization. Regarding ethnicity, we
observed a predominance of Caucasians. However, when we compare the values
referring to weight, BMI, SBP and DBP of patients in the GCB before and after
surgery, we notice a significant difference. It was observed that the values referring
to inflammatory markers analyzed before and after surgery for the GCB and at the
beginning of the study and six months after follow-up for the CG. The levels of
resistin, IGF-1 and IL-23 showed a significant difference in the GCB before and after
surgery and for the CG only IL-23 showed a significant difference. We can conclude
that the weight loss induced by CB reduced the chronic inflammatory state in
severely obese women, verified through the inflammatory markers resistin, IL-23 and
IGF-1 in blood samples. We can also conclude that the biochemical markers of blood
total cholesterol, LDL, HDL, non-HDL total cholesterol and glucose showed a
significant difference after the completion of the BC, a reduction consistent with a
clinical improvement.

Key words: 1. Severe obesity; 2. Bariatric Surgery; 3. Inflammation; 4. Inflammatory

response
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Plan to Share IPD:
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Study Description

Brief Summary:

Detailed Description:

Address:

Rua Vergueiro, 235/249 - Liberdade, Sao Paulo (SP), Brazil.
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Yes
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Obesity is a major public health problem in developed and developing countries,
causing a range of respiratory and metabolic changes. There is a strong
correlation between obesity and cardiorespiratory sleep disorders. The weight
loss reduces the comorbidities and improves the quality of life, but clinical
treatment it is not effective for a long period. In this context, currently bariatric
surgery is an option for the real weight loss in the long term. Obstructive sleep
apnea (OSA) is a common clinical condition observed in patients with obesity.
The primary aim of this protocol are to assess the inflammatory profile of severe
obese patients undergone to bariatric surgery, through systemic and adipose
markers of inflammation. A secondary objective is study the impact of this
surgery on sleep variables and quality of life. Investigators hypothesized that
weight loss induced by bariatric surgery reduces systemic inflammatory profile,
improve sleep quality and quality of life of subjects with severe obesity. Will
participate in this study, patients with severe obesity (BMI > 40 or 35 to 39.9
kg/m2 associated comorbidities), with indication of bariatric surgery, screened
Bariatric Surgery Service of Santa Casa de Sao Paulo in Sao Paulo. Inclusion
criteria are severely obese, bariatric surgery indication and agreement to
participate in the study. Are excluded patients with BMI > 55 kg/m2, clinical
instability, mental instability or significant and unrealistic expectations of
surgery. Patients will be assessed before and after bariatric surgery, 90, 180
and 360 days. The evaluation protocol will consist of clinical history, vital signs,
neck and waist circumference, clinical analysis of blood inflammatory markers,
lung function tests, maximal ventilatory pressures, full overnight standard
polysomnography, excessive daytime sleepiness scale, cardiovascular risk,
quality of life and personal satisfaction questionnaires.

Obesity is a major public health problem in developed and developing countries,
causing a range of respiratory and metabolic changes. There is a strong
correlation between obesity and cardiorespiratory sleep disorders. The weight
loss reduces the comorbidities and improves the quality of life, but clinical
treatment it is not effective for a long period. In this context, currently bariatric
surgery is an option for the real weight loss in the long term. Obstructive
sleep apnea (OSA) is a common clinical condition observed in patients with
obesity. Recent studies have found that more than 2/3 of obese patients

also have OSA, and that these exhibit similar pathophysiological substrates
for cardiovascular disease where increased blood pressure is a common
consequence. This raises another discussion where obesity and OSA may
have an additive effect on cardiovascular risk factors. Our main objective is

to evaluate whether the systemic and adipose markers of inflammation alters
after bariatric surgery through biochemical indexes in the visceral (omental,
mesenteric) and subcutaneous adipose tissue depots and fasting blood
samples, including the proinflammatory cytokines tumor necrosis factor a
(TNFa), interleukin 6 (IL-6), interleukin 8 (IL-8), interleukin 18 (IL-18), soluble
TNF receptor-2 (sTNFR2), soluble E-selectin, soluble intercellular adhesion
molecule-1 (sICAM-1), soluble vascular cell adhesion molecule-1 (sVCAM-1),
monocyte chemoattractant protein 1 (MCP 1), high sensitivity C-reactive protein
(hsCRP), adiponectin (AdipoQ) genes, vascular endothelial growth factor A
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(VEGF-A), nuclear factor Kappa B (NF-kB) and adipose-derived hormone
leptin. Moreover, identify the possible association of systemic and adipose
inflammation before bariatric surgery with the magnitude of surgery-induced
weight loss and to assess pulmonary function through spirometry and, maximal
ventilatory pressures through vacuometry; to determine whether surgical
procedure induced decrease in body weight, BMI, abdominal circumference
and, improve quality of life; to study sleep patterns through full standard
polysomnography and quality of life in obese patients undergone to bariatric
surgery and verify a possible correlation between weight loss and physiological
variables. Will participate in this study, patients with severe obesity (BMI >
40 or 35 to 39.9 kg/m2 associated comorbidities), with indication of bariatric
surgery, screened Bariatric Surgery Service of Santa Casa de Sdo Paulo in
Sao Paulo. Inclusion criteria are severely obese, bariatric surgery indication
and agreement to participate in the study. Are excluded patients with BMI >
55 kg/m2, clinical instability, mental instability or significant and unrealistic
expectations of surgery. Patients will be assessed before and after bariatric
surgery, 90, 180 and 360 days. The evaluation protocol will consist of clinical
history, vital signs, neck and waist circumference, clinical analysis of blood
inflammatory markers, lung function tests, maximal ventilatory pressures, full
overnight standard polysomnography, excessive daytime sleepiness scale,
cardiovascular risk, quality of life and personal satisfaction questionnaires.

Conditions

Conditions: Severe Obesity
Morbid Obesity

Keywords: Severe Obesity
Sleep Disorders
Bariatric Surgery
Inflammation
Quality of Life

Study Design

Study Type: Interventional
Primary Purpose: Treatment
Study Phase: N/A
Interventional Study Model: Parallel Assignment
Number of Arms: 2
Masking: Outcomes Assessor
Allocation: Randomized

Enroliment: 17 [Anticipated]

Arms and Interventions

Arms Assigned Interventions

Experimental: Bariatric Surgery Procedure/Surgery: Standard Roux-en-Y gastric bypass
Standard laparoscopic Roux-en-Y gastric bypass
technique resulting in a gastric pouch with a volume of
about 25 mL, a 100-cm-long Roux-limb, and a 75-cm-
long biliopancreatic limb.

No Intervention: Control Group
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Outcome Measures
Primary Outcome Measure:

1. Change in systemic immune response after bariatric surgery.
Systemic markers of inflammation through fasting blood samples biochemical indexes.

[Time Frame: Baseline immune response to 180 days.]

2. Change in systemic adipose inflammation response after bariatric surgery.
Systemic markers of inflammation through biochemical indexes in the visceral (omental, mesenteric) and
subcutaneous adipose tissue depots.

[Time Frame: Baseline adipose inflammation response to 180 days.]

Secondary Outcome Measure:

3. Alterations in sleep quality after bariatric surgery.
Study sleep patterns through full standard polysomnography.

[Time Frame: 180 days]

4. Changes in pulmonary function after bariatric surgery.
Assess pulmonary function through spirometry.

[Time Frame: 180 days]

5. Changes in maximal ventilatory pressures after bariatric surgery.
Assess maximal inspiratory and expiratory pressures through vacuometry.

[Time Frame: 180 days]

6. Changes in health related quality of life after bariatric surgery.
Changes in quality of life through Short Form-36 and BAROS questionnaires.

[Time Frame: 180 days]

Eligibility
Minimum Age: 18 Years
Maximum Age: 65 Years
Sex: All
Gender Based:
Accepts Healthy Volunteers: No

Criteria: Inclusion Criteria:

1. Patients eligible for the trial must comply with all of the following at
randomization:

2. male and female patients aged 18 to 65 years,

3. grade lll severe obesity (BMI = 40 kg/m2) or = 35 kg/m2 with
comorbidities,

4. awaiting bariatric surgery,

5. with documented history of conventional weight loss attempts having

proven unsuccessful over time,
6. and if they are able to understand and agreement to participate in the
study through a signed term of informed consent.

Exclusion Criteria:

1. Any medical condition rendering surgery too risky;
2. BMI above 55 kg/m2;
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3. Unrealistic postoperative target weight and/or unrealistic expectations of
surgical treatment;

Pregnancy, lactation or planned pregnancy within two years of potential
surgical treatment;

Lack of safe access to abdominal cavity or gastrointestinal tract;
Abusive alcohol use or drug use.

Cancer

Any cardiorespiratory condition opposite indicate the surgical procedure.

b

©No o

Contacts/Locations

Central Contact Person: Luis VF Oliveira, PhD
Telephone: +55 11 991702292
Email: oliveira.lvf@pqg.cnpq.br

Central Contact Backup:
Study Officials:

Locations: Brazil
Sleep Laboratory - Universidade Nove de Julho - UNINOVE
[Recruiting]
Sao Paulo, SP, Brazil, 01504-001
Contact: Luis VF Oliveira, PhD +55 11 33859000 Ext. 9279
oliveira.lvf@uninove.br

Department of Surgery of Santa Casa of Sao Paulo Medical School, Gastric
Surgery Division
[Recruiting]
Sao Paulo, SP, Brazil, 01221-0100
Contact: Carlos A Malheiros, PhD +55 11 2176-7689 Ext. 7688
camalheiros@gmail.com
Contact: Wilson R Freitas Junior, MSc +55 11 999144789
wrfjr@uol.com.br
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Introduction/Purpose : Obesity increases significantly every year worldwide. Since
1980, the prevalence of individuals with obesity has practically doubled. Obesity plays
an important role in the pathophysiology of diseases that arise from a complex
interaction of nutritional, genetic, and metabolic factors, characterizing a chronic
inflammatory state. This study aimed to verify the systemic inflammatory response
through the analysis of IGF-1, IL-23, and resistin levels and the lipid profile in severely
obese women undergoing surgery for obesity and weight-related diseases. Materials
and Methods: This randomized controlled clinical trial includes female patients
clinically diagnosed with severe obesity with an indication for bariatric surgery.

Results: In the initial evaluation, no significant difference was observed between the
control (CG) and bariatric surgery (BSG) groups. The weight, BMI, systolic and
diastolic blood pressures, total cholesterol, LDL, HDL, total non-HDL cholesterol, and
glucose in BSG patients showed a significant change after surgery. Pre- and post-
surgery levels of resistin, IGF-1, and IL-23 showed a significant difference in the BSG
group, but only IL-23 was changed after 6 months in the CG. Conclusion: The results
of this study confirmed that weight loss induced by surgery for obesity and weight-
related diseases improved the lipid profile and reduced the chronic inflammatory status
in women with severe obesity.
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COVER LETTER

Obesity Surgery
Scott Shikora, MD, FACS, USA
Dear Editor,

We are submitting the manuscript “Surgery for obesity and weight-related diseases change the
inflammatory profile in women with severe obesity: A randomized controlled clinical trial” to

the peer review process.

Obesity increases significantly every year worldwide. Since 1980, the prevalence of individuals with
obesity has practically doubled. Obesity plays an important role in the pathophysiology of diseases
that arise from a complex interaction of nutritional, genetic, and metabolic factors, characterizing a
chronic inflammatory state. This study aimed to verify the systemic inflammatory response through
the analysis of IGF-1, IL-23, and resistin levels and the lipid profile in severely obese women
undergoing surgery for obesity and weight-related diseases. This randomized controlled clinical trial
includes female patients clinically diagnosed with severe obesity with an indication for bariatric
surgery. In the initial evaluation, no significant difference was observed between the control (CG)
and bariatric surgery (BSG) groups. The weight, BMI, systolic and diastolic blood pressures, total
cholesterol, LDL, HDL, total non-HDL cholesterol, and glucose in BSG patients showed a
significant change after surgery. Pre- and post-surgery levels of resistin, IGF-1, and 1L-23 showed a
significant difference in the BSG group, but only IL-23 was changed after 6 months in the CG. The
results of this study confirmed that weight loss induced by surgery for obesity and weight-related
diseases improved the lipid profile and reduced the chronic inflammatory status in women with

severe obesity.
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This is a randomized controlled clinical trial involving female patients with a clinical diagnosis of
severe obesity and indicated for BS. The study design followed the Standard Protocol Items
Recommendations for Interventional Trials (SPIRIT) [28] and international ethical standards.

This research was approved by the Human Research Ethics 564 Committees of Nove de Julho
University (UNINOVE; protocol number 565 220506/2009) and Irmandade da Santa Casa de
Misericordia de Sao 566 Paulo, Brazil (protocol number 742.865/2014). This trial was registered at

ClinicalTrials.gov (02409160).

Thank you for your consideration!

Sincerely,

Luis Vicente Franco Oliveira, PhD.

Master and Doctoral Degree Program in Human Movement and Rehabilitation (PPGMHR).
University Center of Anapolis (UnNiIEVANGELICA)

Anapolis (GO), Brazil.
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Surgery for obesity and weight-related diseases change the inflammatory profile in

women with severe obesity: A randomized controlled clinical trial

ABSTRACT

Introduction/Purpose: Obesity increases significantly every year worldwide. Since 1980,
the prevalence of individuals with obesity has practically doubled. Obesity plays an important
role in the pathophysiology of diseases that arise from a complex interaction of nutritional,
genetic, and metabolic factors, characterizing a chronic inflammatory state. This study aimed
to verify the systemic inflammatory response through the analysis of IGF-1, IL-23, and
resistin levels and the lipid profile in severely obese women undergoing surgery for obesity
and weight-related diseases. Materials and Methods: This randomized controlled clinical
trial includes female patients clinically diagnosed with severe obesity with an indication for
bariatric surgery. Results: In the initial evaluation, no significant difference was observed
between the control (CG) and bariatric surgery (BSG) groups. The weight, BMI, systolic and
diastolic blood pressures, total cholesterol, LDL, HDL, total non-HDL cholesterol, and
glucose in BSG patients showed a significant change after surgery. Pre- and post-surgery
levels of resistin, IGF-1, and IL-23 showed a significant difference in the BSG group, but
only 1L-23 was changed after 6 months in the CG. Conclusion: The results of this study
confirmed that weight loss induced by surgery for obesity and weight-related diseases
improved the lipid profile and reduced the chronic inflammatory status in women with severe

obesity.

Keywords: Severe obesity; Surgery for obesity and weight-related diseases; Inflammation;

Adipokines; Weight loss; Comorbidity.
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Key Points

-Weight loss induced by surgery for obesity and weight-related diseases improved the

lipid profile and reduced the chronic inflammatory status in women with severe obesity.

- Unfortunately, weight loss resulting from clinical treatment for obesity is hardly

achieved and sustained.

- The results of this study can be easily achieved in other populations of patients with

severe obesity.

Introduction/Purpose

The World Health Organization (WHO) defines obesity as a condition in which the
percentage of body fat is increased to a level capable of compromising health and well-being.
Due to its substantial growth in the population, obesity has been declared a global epidemic
[1, 2]. WHO estimates that globally, 2.3 billion individuals will be overweight (body mass
index [BMI] >25kg/m?) by 2025 and 700 million individuals will be obese (BMI
> 30 kg/m?). According to WHO, more individuals around the world are dying from obesity

than from malnutrition [1, 3].

In Brazil, 55.7% of the adult population are overweight and 19.8% (approximately 20 million
people) are obese. This equates to a 67.8% increase in obesity over 13 years, from 11.8% in
2006 to 19.8% in 2018. Among the Brazilian adult population, 7.7% have type-Il diabetes
mellitus and 24.7% have systemic arterial hypertension (SAH). Generally, these diseases are

related to obesity [4].

Obesity plays an important role in the pathophysiology of diseases that arise from a complex
interaction of nutritional, genetic, and metabolic factors. Due to the role of the adipose tissue

in lipid and glucose metabolism and low-grade inflammation, obesity should be understood
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as a basis for t various diseases and not only as excess fatty tissues [5, 6]. The most frequent
comorbidities associated with obesity include hypertension [7, 8], type-Il diabetes mellitus
[9], obstructive sleep apnea (OSA) [10-12], degenerative arthropathies [13], coronary artery

disease [14-16], and psychosocial disorders [17].

A new understanding of obesity or excess fat has gained acceptance since 2005. Under the
new concept, body fat is understood as metabolically active, secretory, and responsive to
modulating the signals of appetite, energy balance, insulin sensitivity, reproductive and
endocrine functions, bone metabolism, inflammation, and immunity [18]. The adipose tissues
of individuals with obesity present considerable macrophage infiltration. This is explained by
the increased secretion of proinflammatory mediators by the adipose tissues, confirming that

inflammation is associated with obesity [19-24].

Obesity treatment primarily aims to improve health-related quality of life enough to eliminate
or reduce comorbidities and promote psychological well-being through weight loss obtained
from a combination of caloric restriction, behavioral modification, and pharmacotherapy
[25]. Unfortunately, weight loss resulting from clinical treatment for obesity is hardly
achieved and sustained. Since obesity remains largely refractory to diet and drug therapy,

long-term weight loss can only be effectively maintained by bariatric surgery (BS) [26, 27].

Therefore, this study aimed to evaluate key biochemical markers (total cholesterol, low-
density lipoprotein [LDL] cholesterol, high-density lipoprotein [HDL] cholesterol, total non-
HDL cholesterol, and glucose) and assess the systemic inflammatory profile through insulin-
like growth factor 1 (IGF-1), interleukin-23 (IL-23), and resistin levels, in blood samples of

women with severe obesity who underwent BS.
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Materials and Methods

Trial design

This is a randomized controlled clinical trial involving female patients with a clinical
diagnosis of severe obesity and indicated for BS. The study design followed the Standard
Protocol Items Recommendations for Interventional Trials (SPIRIT) [28] and international

ethical standards. The study design is shown in Figure 1.

Study setting

This study was carried out at the Faculty of XXXXXXXXX. All surgical procedures were
performed by the same team of surgeons of the Obesity Surgery Department. The
biochemical analyses of the blood samples were performed at the hospital’s Laboratory of
Clinical Analysis and the Laboratory of Immunology of the XXXXXXX, in the city of

XXXXXXXX. The clinical and surgical procedures have been XXXXXXXXXXXXXXX.

Participants and eligibility criteria

The study participants were women aged between 18 and 65 years, with severe level-111
obesity (BMI > 40 kg/m?, or > 35 kg/m? when associated with comorbidities), a documented
history of failure in conventional weight loss, and intellectual capacity to understand, agree,
and sign the informed consent form. Exclusion criteria were the presence of clinical or mental
instability, BMI >55 kg/m?, unrealistic expectations regarding surgical treatment, active
cancer, pregnancy, breastfeeding, or pregnancy planned within 2 years, mental disorders,
diagnosed epilepsy, and genetic diseases. The absence of safe access to the abdominal cavity
or gastrointestinal tract, abusive use of alcohol or drugs, and any cardiovascular, respiratory,

or other medical condition that contraindicated BS were also part of the exclusion criteria.
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The criteria for the indication of bariatric surgery are in accordance with the rules of the

.9,9,9,9,9,9,9,9,9,9,9,9,9,9,9,9,9,9,9,9.0.0.¢

Recruitment and randomization

The participants were recruited consecutively from the Surgery Unit of the
XXXXXXXXXXXXX Hospital and selected according to the eligibility criteria established
by the study protocol. Some patients who did not meet the inclusion criteria and did not
present an urgent need for surgery were allocated to the control group (CG). After six
months, the CG patients were referred for surgical procedures. The researchers involved in

the interpretation of the clinical tests were blinded to the composition of the study groups.

The patients in the bariatric surgery group (BSG) were examined preoperatively and 6
months after the surgical procedure. The CG participants were evaluated at the beginning of
the study when randomization occurred, and 180 days after the first evaluation. These
patients were instructed to maintain their daily routines, especially their physical activities
and eating habits. Any changes to their daily routines were reported to the researchers. Patient
randomization followed the previously published criteria. A ratio of 3:1 for the control and

surgical groups was observed.

Protocol for clinical and surgical evaluation

All evaluations were performed by the same team of researchers. Data regarding clinical and
surgical history, concomitant medication, demographic data, anthropometric measurements,
peripheral arterial blood pressure, and biochemical tests on blood samples were recorded.
Systolic (SBP) and diastolic (DBP) systemic arterial pressures, weight, height, and BMI
calculation (obtained by dividing weight [kg] by the square of the height [m?], according to

the WHO definition) were verified [18].
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Blood biochemical analysis

Venous blood samples (5 mL) were obtained preoperatively after 12 h of fasting, through a
cubital venous puncture, collected in vacuum tubes (Vacuette do Brasil Ltda., Campinas,
Brazil) with either a serum clot activator or ethylenediaminetetraacetic acid (Ks EDTA) for
plasma preparation. The whole-blood cell count was performed using the XS-800i
Hematology Analyzer (Sysmex Corporation, Kobe, Japan). Commercial reagent kits (Gold
Analisa Diagndstica Ltda., Belo Horizonte, Brazil) were used through a SpectraMax i3
system (Molecular Devices, San Jose, CA, USA) to determine HDL cholesterol, LDL

cholesterol, total cholesterol, triglycerides, and glucose levels.

The inflammatory markers, IGF-1, IL-23, and resistin, were analyzed using enzyme-linked
Biolegend® immunosorbent assay kits (Sellex, Inc., Kensington, MD, USA) and others from
R & D Systems (Minneapolis, MN, USA), according to the manufacturer’s

recommendations.

Surgical procedures

BSG patients were submitted to the Roux-en-Y Gastric Bypass (RYGB) technique [31],
performed by the same team of surgeons. All patients underwent identical anesthetic,

surgical, and postoperative protocols, as previously published [29].

Outcomes

The primary outcome of the study was the systemic inflammatory profile six months after
BS, as characterized by the blood levels of the inflammatory markers IGF-1, IL-23, and
resistin. As a secondary outcome, any changes in clinical and anthropometric variables were

noted.
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Statistical analysis

Initially, a procedure to identify outlier values was used to avoid a possible bias in the results.
Then the data were subjected to the Shapiro—Wilk and D’Agostino & Pearson normality tests
to verify the approximation to the normal curve. For variables that showed an approximation
to normality, the difference between the means of their values was tested using Student’s t-
test. For the comparison between control and experimental variables, a one-way analysis of
variance (ANOVA) was used with Dunn’s post-test to analyze possible trends, and Pearson’s
product-moment correlation coefficient was calculated. In cases in which no approximation
to the normal curve was observed, Wilcoxon’s test was used to verify the difference, and
Friedman’s test and Spearman’s rank correlation were also used. For the statistical treatment,
Statistical Package for Social Sciences (SPSS®) software, version 21.0, was used (IBM
Corporation, Armonk, NY, USA) was used. The significance level was set at 5% for all tests

(p < 0.05).

Sample size

The sample size calculation was based on the study by Freitas-Junior. et al. [29], which
identified the tumor necrosis factor alpha (TNF-a) plasma parameters of severely obese
patients before and after bariatric surgery. Considering a margin of error of 0.05 and a

significance level of 95%, 24 patients would be necessary to detect an effect size of 0.88.

Results

From an initial sample of 216 patients who were invited to participate in the study, 134
patients were considered eligible. A total of 61 patients were included in the final analysis

(BSG n =50). The anthropometric, demographic, and clinical characteristics of the patients
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are shown in Table 1. The biochemical values of the blood are shown in Table 2. The main

comorbidities are shown in Table 3.

As shown in Table 1, there was no significant difference in patient characteristics including
age, weight, and BMI during the first evaluation between the CG and the BSG, showing
sample homogeneity during randomization. However, when comparing pre- and post-surgery
weight, BMI, SBP, and DBP values of BSG patients, a significant difference was noted, as

highlighted in Figure 2.

As shown in Table 2, only glucose showed a significant difference when comparing the first
and second blood biochemical analysis of CG patients. When the BSG values were analyzed,
a considerable difference was identified when comparing pre- and post-surgery values. This

behavior is also demonstrated in Figure 3.

Table 3 shows the main comorbidities, indicating a higher prevalence of SAH, arthrosis, and
type-11 diabetes mellitus. Table 4 shows the BSG values related to the inflammatory markers
analyzed pre- and post-surgery and the CG values at the beginning of the study and six
months after the first evaluation. Resistin, IGF-1, and 1L-23 pre- and post-surgery levels
showed a significant difference in the BSG. For the CG, only IL-23 showed a significant
difference. These findings are also shown in Figure 4. Lastly, Figure 5 shows significant

correlations between IGF-1, HDL, and total cholesterol levels with BMI and weight.

Discussion

Obesity is characterized by a low-grade inflammatory state known as the inflamome, which is
reflected in chronic increases in the circulating concentrations of inflammatory markers [32].
This pattern of inflammation may originate partially from the adipose tissues and is
consistent with the associations between various inflammatory markers and central adiposity

[33, 34].
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The present study clinically characterized a population of obese female patients who received
BS. Regarding the demographic and clinical characteristics of the study population, there
were no significant differences for the variables of age, weight, and BMI, showing
homogeneity of the population. Some important correlations were observed in this study
between HDL and BMI, and between total cholesterol and weight. An inverse relationship
was also observed between HDL and BMI. This was also reported in a recent study by Lima-
Junior et al. [35], showing that in individuals with high BMI, reductions in HDL are directly
associated with an increase in the atherosclerotic burden. A direct relationship between total
cholesterol and weight was also evidenced in that study, in which the increase in cholesterol

was found to be proportional to the increase in weight [35]

The correlation between inflammation, obesity, and their changes after bariatric surgery was
demonstrated in a systematic review that observed a reduction in the levels of markers such
as C-reactive protein (CRP) and interleukin-6 (IL-6), suggesting a reduction in TNF-a,
although this was not statistically confirmed [8]. The relationship between inflammation and
obesity is already well documented in the literature. More importantly, inflammation

improvement after BS has been proven through CRP analyses [36-39].

A study by Freitas-Junior et al. showed that 6 months after BS, there was a significant
improvement of metabolic and blood biochemical variables and an increase in adiponectin
levels, associated with a reduction in leptin and TNF-a levels in patients with severe obesity
after BS. According to that study, BS-induced weight loss reduced the inflammatory status of

the studied patients [29].

Resistin is characterized as an inflammatory adipokine, as it stimulates proinflammatory
cytokines such as TNF-a and IL-6 [40, 41]. Resistin is secreted mainly by adipocytes and
macrophages found in the visceral adipose tissues. Several studies have shown that resistin is
closely linked to insulin resistance in obese patients [40, 42—47]. It is involved in pathological

9
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processes that lead to cardiovascular alterations, such as endothelial dysfunction, thrombosis,
angiogenesis, and smooth-muscle cell dysfunction [48]. A meta-analysis conducted in 2017
showed that higher concentrations of resistin are associated with higher cardiovascular

mortality [49].

Recent studies have demonstrated a significant association between resistin and several types
of cancer. Increased resistin is related to an increased incidence of breast cancer [50] and
advanced liver cancer [51]. A meta-analysis published in 2016 showed an association of
rectal colon cancer with increased resistin when compared to patients without rectal colon
cancer [52]. In another 2018 study, Zhang et al. [53] concluded that increased resistin plays a
role in the pathogenesis of pancreatic cancer. In 2018, a study highlighted the relationship of

ovarian cancer with resistin [54].

In another study, the authors showed that circulating levels of resistin were higher in patients
with obesity-related cancer and suggested resistin as an independent biomarker of obesity-
related cancer risk [55]. The downregulation of resistin gene expression after BS may play an
important role in normalizing obesity-associated insulin resistance [43]. An association
between resistin, increased visceral adipose tissues, and metabolic syndrome has also been

observed [45].

In the present study, resistin levels were significantly reduced in patients six months after BS.
It can be assumed that these reduced resistin levels are a protective factor against some types
of cancer, cardiovascular diseases, and metabolic syndrome, as well as being a potential
predictor of obesity. The authors of the present study agree with Goktas et al. [40] that further
studies are needed to investigate the relationship between plasma resistin levels and weight

reduction.

10
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IGF-1 is a peptide growth factor with a high degree of structural homology with proinsulin. It
is active in intermediate metabolism and cell proliferation, growth, and differentiation, and it
is produced in most organs and tissues of the body. Growth hormone (GH) is one of the main
promoters of IGF-1 production. However, nutritional status and protein-calorie intake also

play relevant roles [56].

A recent study demonstrated that patients with severe obesity (BMI >40) presented a
significant elevation of circulating IGF-1, recovering normal levels after BS [57]. An inverse
correlation between IGF-1 and weight can be observed in the present study. Low IGF-1 is
substantially related to high BMI before BS, and its recovery or persistence after surgery is

mainly related to nutritional changes induced by the surgical procedure [58].

Obesity is associated with impaired GH secretion, which in turn regulates the production of
IGF-1. Thus, low IGF-1 levels are observed in individuals with obesity. The finding of low
levels of circulating IGF-1 in visceral obesity is of interest since visceral fat also plays a
crucial role in the development of obesity-related diseases. Recent reports have suggested
that low IGF-1 levels are closely linked to the pathogenesis of type-I1 diabetes mellitus and

cardiovascular disease [59-61].

A recent study by Dichtel et al. [62] showed that low serum IGF-1 levels are associated with
increased severity of the non-alcoholic fatty liver disease. Partial IGF-1 deficiency in animals
has been shown to produce mitochondrial dysfunction. Administration of low doses of IGF-1
shows beneficial effects by improving insulin resistance, as well as hepatoprotective,

neuroprotective, antioxidant, and mitochondrial protection effects [63, 64].

Another interesting study demonstrated that 24-hour and basal free circulating levels of
IGF-1 were significantly reduced in women with obesity, in parallel with low 24-hour GH

release, but both were normalized after diet-induced weight loss [65]. The IGF system,

11
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including IGF-1, has been associated with the oncogenesis of most solid and hematological
malignancies. The central involvement of IGF signaling in tumor cell proliferation, survival,

invasion, and metastasis makes it an attractive therapeutic target [66].

In the present study, IGF-1 levels increased significantly six months after BS which
concurred with the 2020 study by Valifia et al. [57] and the previous one by Pellitero et al.
[58] in 2013. It was also shown that the significant increase in IGF-1 levels demonstrated the
protective effect of weight loss after BS against insulin resistance, non-alcoholic fatty liver

disease, and neurodegenerative diseases [63].

The pro-inflammatory cytokine interleukin-23 (IL-23) is increased in women with obesity,
but this does not suggest a pathogenic role in metabolic disorders accompanying excess
weight. IL-23 stimulates the production of interleukin-17 (IL-17), which is involved in the
induction of inflammation mediators such as tumor necrosis factors, interleukins IL-6 and
IL-1, and nitric oxide. This makes 1L-23 a pro-inflammatory cytokine. It is also observed that
macrophages derived from human adipose tissue express IL-23 [67]. IL-23 plays a crucial
regulatory role in chronic intestinal inflammation and cancer associated with colitis.
According to a 2019 study by Neurath et al. [68], therapeutic strategies targeting blocking

IL-23 may be of fundamental relevance for the therapy of these diseases.

Clinically, IL-23 is overexpressed in several types of cancer [69, 70]. IL-23 may promote
colon cancer carcinogenesis through the pro-inflammatory axis [71, 72]. A colon bacterium,
enterotoxigenic Bacteroides fragilis, can induce colitis and colon tumors mediated by the
IL-23/IL-17 pathway. Wu et al. showed that blocking this pathway prevented tumor

formation in the colon [73].

In the present study, CG patients had high IL-23 levels, while BSG patients had a significant

improvement in IL-23 levels 6 months after BS. These results led to the hypothesis that BS-

12
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induced weight loss may improve the IL-23 level, resulting in a reduction in the chronic low-

grade inflammation of obesity, thereby decreasing the incidence of cancer in these patients.

Study limitations

A possible limitation of this study is that it involved only women. If the group included male
patients, the magnitude of outcomes between men and women could be compared. We
recognize that there may be gender-related differences in the inflammatory profile of severely
obese patients, however, the group of male patients was small, which would compromise the
statistical analysis. On the other hand, we can highlight a strong point of this study that the
number of patients involved was twice the size of the sample required, which supports the

conclusions.

Conclusions

The results of this study confirmed that weight loss induced by surgery for obesity and
weight-related diseases improved the lipid profile and reduced the chronic inflammatory

status in women with severe obesity.
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Tables

Table 1 Anthropometric, demographic and clinical characteristics

Variable CG-1° CG- 2° Pvalue BSG pre BSGpost P

(n=11) (n=11) (n=50) (n=50) value
Gender

(%)

Women 11 (100%) 11 (100%) 50 (100%) 50 (100%)

Age 42,09 £ 42,09 £ 12,69 ns 42,46 +£9,80 42,46 £9,80 ns
12,69

Weight 112,64 + 11445 +16,84 * 125,48 £ 20,35 87,66 £ 15,29 ****

(Kg) 17,12

Height (cm) 155,82 + 155,82 + 8,45 ns 162,74+6,32 162,74+£6,32 ns
88,45

BMI (kg/  46,35+546 47,10%5,12 * 47,25 £ 6,22 33,09 £5,46  *x**

m2)

Race

(%)

Whites 7 (63,64%) 7 (63,64%) 44 (88,00%) 44 (88,00%)

Sparrow 2 (18,18%) 2 (18,18%) 4 (8,00%) 4 (8,00%)

Afro-A 2 (18,18%) 2 (18,18%) 2 (4,00%) 2 (4,00%)

SBP 126,20 + 126,47 +11,63 ns 129,58+ 17,74 119,84 +6,44 ****

(mmHg) 7,42

DBP 86,96 + 7,15 86,22 + 3,91 ns 87,60+£1555 77,10+4,53  ****

(mmHg)

CG-1 °: control group initial assessment; CG-2 °: control group final assessment; BSG: bariatric surgery group; ns: not significant; Kg:

Kilogram; BMI: body mass index; Cm: centimeters; m2: square meters; Afro-A: Afro-American; SBP: systolic blood pressure; DBP: diastolic

blood pressure; mmHg: millimeters of mercury. Data are expressed in absolute numbers, percentage, average and standard deviation.

*:p<0,05; ****: p<0,0001.
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Table 2 Blood biochemistry pre and post surgery

Variable CG-1° CG-2° P BSGpré BSGpds P
(n=11) (n=11) value (n=50) (n=50) value

Glucose 101 £5,35 105,64 + *** 103,76 + 86,00 £ 8,28  ****

(mg/dL) 4,86 13,05

Total 195,36 + 23,34 194,00 + ns 198,20 + 121,60 £21,74 ****

cholesterol 21,52 33,25

(mg/dL)

HDL 41,45 + 6,95 44,18 + ns 46,64 + 52,91 +10,65 **

(mg/dL) 6,72 13,15

LDL 116 + 35,92 121,18 + ns 133,18 £ 97,22 £20,13  ****

(mg/dL) 23,97 30,24

VLDL 28,32 + 11,37 29,74 ns 29,82 + 27,34+571 ns

(mg/dL) +09,54 13,25

Triglycerides 125,55 + 42,22 124,82 + ns 154,06 + 91,04 £19,90 ****

(mg/dL) 42,03 57,05

CG - 1°: control group initial assessment; CG - 2°: control group final assessment; BSG: bariatric surgery group; mg / dL: milligrams per

deciliter; ns: not significant; HDL: High Density Lipoproteins; LDL: Low Density Lipoproteins; VLDL: Very Low Density Lipoprotein. Data

are expressed as mean and standard deviation.

**: p<0,01; ***: p<0,001; ****: p<0,0001.

Table 3 Main comorbidities presented by patients

Variable N (62) %
Systemic Arterial Hypertension 16 25,80
Knee Arthrosis 14 22,85
Type 2 Diabetes Mellitus 10 16,12
Depression 5 8,06
Low Back Pain 5 8,06
Hypothyroidism 4 6,45
Dyslipidemia 4 6,45
Dyspnea 4 6,45
Biliary cholelithiasis 4 6,45
Myoma 3 4,84
Others* 15 24,20

Data are expressed in absolute numbers and percentage.

*Others: Anxiety, Sleep apnea, Acute myocardial infarction, Epigastric Hernia, Endometriosis, Brain stroke, Fibromyalgia, Urinary

incontinence, Drop, Neoplasm, Rheumatism.
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Table 4 Inflammatory blood markers

Varible CG-1° CG-2° Pvalue BSGpré BSGpds P value
(n=11) (n=11) (n=50) (n=50)

Resistin 0,49+0,14 085+0,19 ns 0,52 £ 0,40 0,14 £0,15 ***

IL-23 0,48+0,07 0,74+0,15 ** 0,86 + 0,55 0,22+ 0,23 ****

IGF-1 0,34+0,12 046+0,17 ns 0,24 £ 0,26 0,50 £0,34 ****

CG - 1st: control group initial assessment; CG - 2nd: control group final assessment; ns: not significant; IL-23: Interleukin 23; IGF-1:

insulin-like growth factors; Data are expressed as mean and standard deviation; CG: control group; BSG: bariatric surgery group.

**: p<0,01; ***: p<0,001; ****: p<0,0001.
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Figure 1 Study flowchart
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