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RESUMO

O objetivo dessa tese foi estudar alguns aspectos relacionados aos beneficios e prejuizos da
cirurgia bariatrica. Para tanto, dois artigos sdo apresentados, visando avaliar as alteragdes no
metabolismo 0sseo ap0s a cirurgia bariatrica através de um estudo de coorte e a incidéncia de
cancer através de revisdo sistematica e meta-anélise. O artigo 1 intitulou-se “Alteracdes na
densidade mineral 6ssea em mulheres ap6s um ano da cirurgia de bypass gastrico” e teve como
objetivo avaliar as alteracBes na densidade mineral 6ssea (DMO), composic¢do nutricional e
marcadores de reabsorcdo Ossea antes e ap0s 1 ano de gastroplastia redutora com derivacao
gastrojejunal em Y de Roux (GRYR). Foram incluidas 22 mulheres com obesidade classes 1I-111,
idade 37,2 £ 9,6 anos, 86% brancas, 77,2% pré-menopausicas. O indice de massa corporal pré-
operatorio (IMC) era 44,4 + 5,0 Kg/m? e ap6s 1 ano, 27,5 + 4,5 Kg/m? (p <0,001). A 25-OH-
vitamina D foi semelhante em ambos os momentos [11,7 (9,7-18,0) vs. 15,7 (10,2-2,7) pg/dL, p
= 0,327]. Houve aumento do paratorménio (45,4 + 16,7 vs. 62,7 £ 28,9 pg/ml, p=0,026) e do N-
telopéptido sérico (16,3 £ 3,4 vs. 38,2 + 7,0 nMBCE, p<0,001) no p6s-operatério, evidenciando
aumento de reabsorcdo 6ssea. A DMO diminuiu apds a cirurgia na coluna lombar (1,13 + 0,11
vs. 1,04 + 0,09 g / cm 2, p=0,001), colo do fémur (1,03 + 0,15 vs. 0,94 £ 0,16 g/cm 2, p=0,001) e
fémur total (1,07 + 0,11 vs. 0,97 + 0,15 g/cm 2, p=0,003. Concluimos que a deficiéncia de
vitamina D e aumento de reabsorcdo Ossea ocorreram precocemente ap0s a cirurgia bariatrica,
sendo parcialmente responsaveis pela redugdo de DMO observada nas pacientes. O artigo 2
intitulou-se “Incidéncia de cancer apds a cirurgia bariatrica: revisao sistematica e meta-analise” e
teve como objetivo fazer uma revisdo sistematica com meta-anélise de estudos observacionais
para avaliar a possivel associacdo da cirurgia bariatrica com o risco de cancer em pacientes no
po6s-operatdrio. Utilizamos as bases de dados Medline, Embase e Cochrane Library. De 898
estudos, 13 preencheram os critérios de inclusdo (66.636 participantes). Nos estudos controlados,
a cirurgia bariétrica foi associada & reducdo no risco de cancer (OR 0,42, IC 95% 0,24, 0,73, I* =
93,3%, P para heterogeneidade <0,001). A taxa de incidéncia foi de 1,06 casos de cancer por
1000 pessoas-ano (IC 95% 0,64, 1,75, I° = 96,0%; P para heterogeneidade <0,001) nos pacientes
operados. Andlises de sensibilidade por idade e sexo ndo mostraram diferencas. Na meta-
regressdo, verificou-se uma relacdo inversa entre o IMC inicial e a incidéncia de cancer apds a
cirurgia (beta coeficiente de -0,233, P <0,05). A cirurgia bariatrica se associa com reducdo do
risco de cancer em individuos com obesidade grave. O acompanhamento a longo prazo de
individuos que se submeteram a cirurgia bariatrica, com a devida publicacdo dos resultados, é de
fundamental importancia para determinar o diagndstico e o tratamento dos possiveis efeitos
adversos deste tipo de procedimento, assim como de igual importancia é realizar estudos para
avaliar o impacto da cirurgia bariatrica sobre o céncer, buscando o melhor equilibrio entre
vantagens e desvantagens.
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1 INTRODUCAO: CIRURGIA BARIATRICA NO TRATAMENTO DA OBESIDADE:
BENEFICIOS E PREJUIZOS

A obesidade, atualmente, € um problema de saide comum e de propor¢des epidémicas,
atingindo parte significativa da populacdo mundial (Flegal, Carroll et al. 2010). Segundo a
Organizacdo Mundial de Saude (OMS), a obesidade pode ser classificada por meio do indice de
massa corporal (IMC), representado pela razdo do peso, em quilograma, sobre o quadrado do
valor da altura, em metro. De acordo com esse calculo, o peso normal situa-se entre 18,0 e 24,9
kg/m?; o sobrepeso, entre 25,0 e 29,9 kg/m?; a obesidade classe I, entre 30,0 e 34,9 kg/m? a
obesidade classe 11, entre 35,0 e 39,9 kg/m?; e a obesidade classe IlI, igual ou acima de 40,0
kg/m? (WHO 1995).

A obesidade classe Il esta associada a uma menor expectativa de vida (Flegal, Kit et al.
2013) e é uma importante causa de morbidade (Bellanger and Bray 2005; Shields, Gorber et al.
2008), determinando excessivos gastos em saude (Arterburn, Maciejewski et al. 2005). O
aumento da morbidade associada a obesidade € particularmente importante por estar relacionado
com o0 aumento no risco de doencas crbnicas ndo transmissiveis (doencas cardiovasculares,
diabetes, cancer, entre outras), que sdo a principal causa de morte no Brasil (72% das mortes em
2007) (Schmidt, Duncan et al. 2011). Osteoartrite de joelho e quadril, (Holliday, McWilliams et
al. 2011), gota (Chen, Pan et al. 2013), sindrome da apneia do sono (Simard, Turcotte et al.
2004), refluxo gastroesofagico (Ayazi, Hagen et al. 2009) e doenca hepatica (Moretto, Kupski et
al. 2003) sdo outras enfermidades frequentemente a ela associadas.

Um estudo prospectivo com 900 mil adultos norte-americanos mostrou maior risco de
morte por cancer — 8%, 18%, 32%, e 62%, respectivamente — em mulheres com sobrepeso,
obesidade classe 1, classe Il e classe Ill, quando comparadas a mulheres com peso normal. Nos
homens com obesidade classe |, classe 1l e classe Ill, verificou-se aumento da mortalidade de
9%, 20% e 52%, respectivamente, quando comparados com homens de peso normal (Calle,
Rodriguez et al. 2003).

A obesidade esta relacionada a mortalidade precoce. O estudo de Fontaine et al.
(Fontaine, Redden et al. 2003), estimando os anos de vida perdidos devido a obesidade, mostrou

que, quanto maior o IMC, menor a expectativa de vida. O mesmo se pdde constatar
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relativamente a morte por diabetes melito, quando comparados individuos com e sem obesidade.
Com efeito, individuos portadores de obesidade classe | tém 2,8, 4,7, 9,0 vezes mais
probabilidade de morrer de diabetes melito do que individuos com peso normal, obesidade classe
I1, obesidade classe Ill, respectivamente (Rogers, Hummer et al. 2003). Bender et al. mostraram
haver maior incidéncia de mortalidade por alguns tipos de cancer, doencas cardiovasculares e
digestivas em individuos com obesidade do que em individuos sem obesidade (Bender, Zeeb et
al. 2006).

Confirmando essa condi¢do de mortalidade associada & obesidade, uma pesquisa que
comparou estudos transversais ecoldgicos da populacdo cubana nos ultimos 30 anos constatou
uma diminuicdo da mortalidade por diabetes e doenca cardiovascular durante o periodo de
recessao econdmica, no qual a escassez de alimentos e 0 aumento da atividade fisica colocaram a
populacdo em balanco energético negativo (perda média de 4 a 5 kg pela populacdo em geral).
Esses mesmos indices aumentaram com a recuperacdo da economia em 2002, levando,
consequentemente, ao aumento do peso e a diminuicao da atividade fisica (Franco, Bilal et al.
2013).

Além das consequéncias fisicas, individuos com obesidade enfrentam ainda danos
psicoldgicos, causados, muitas vezes, pela exclusdo social e discriminacdo pela doenca (Mond,
Rodgers et al. 2007). Estudo comparando as emocdes entre individuos com e sem obesidade
demonstrou que sentimentos como angustia, raiva, nojo, medo e vergonha estdo associados a
obesidade sendo atenuado na presenca de alguma doenga fisica concomitante (Pasco, Williams et
al. 2013).

Apesar de os fatores genéticos desempenharem papel importante no ganho de peso, a
obesidade é resultado de uma interacdo complexa desses fatores (van Rossum, Hoebee et al.
2002) com fatores de natureza hormonal (Baessler, Hasinoff et al. 2005), ambiental (Dubois,
Ohm Kyvik et al. 2012) e também comportamental (Maher, Mire et al. 2013), como a ingestdo
de alimentos ricos em gorduras e carboidratos e a inatividade fisica (Sonestedt, Roos et al. 2009).

Considerando os fatores determinantes acima citados, 0s quais vém em ascendéncia,
especialmente no mundo ocidental, a prevaléncia de obesidade vem crescendo. Nos Estados
Unidos, ela atingiu indices superiores a 30% entre 2007 e 2008 (Flegal, Carroll et al. 2010).
Acompanhando essa tendéncia mundial, o Brasil também tem registrado aumento no nimero de

casos de obesidade (13,5% dos adultos brasileiros), como consta da pesquisa realizada pela
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VIGITEL em 2009, mediante contatos telefonicos com aproximadamente 41.500 individuos
(Moura and Claro 2012). Esses numeros foram confirmados pela Pesquisa de Orcamentos
Familiares 2008-2009 do Instituto Brasileiro de Geografia e Estatistica (IBGE), em que 12,5%
dos homens e 16,9% das mulheres brasileiras encontravam-se com obesidade (Estatistica 2010).
Atualmente, a obesidade ocorre tanto em paises desenvolvidos quanto em paises em

desenvolvimento (Monteiro, Conde et al. 2002; Chhatwal, Verma et al. 2004).

1.1 TRATAMENTO PARA OBESIDADE - DO MANEJO CLINICO A CIRURGIA

Existem véarios padrdes de tratamento utilizados para a perda de peso em individuos com
obesidade (Meckling and Sherfey 2007; Calugi, Dalle Grave et al. 2012). A primeira escolha de
tratamento é a dietoterapia, em conjunto com o estimulo a atividade fisica. Sempre que possivel,
convém associar essa modalidade terpica a terapia comportamental, que incluira estratégias para
reforcar o tratamento dietoterapico e o aumento da atividade fisica. Se a associacdo desses
tratamentos resultar ineficaz, existe uma recomendacdo formal de uso de medicamentos
antiobesidade (Wadden, Berkowitz et al. 2005). Em pacientes com obesidade classe Il e 1lI,
contudo, a combinacgdo dos tratamentos comportamental e farmacolégico tem tido pouco sucesso
(Sjostrom, Rissanen et al. 1998; Ryan, Johnson et al. 2010), visto que a perda de peso promovida
pelo uso de medicamentos antiobesidade é, em geral, inferior a 10% do peso corporal e, muitas
vezes, acompanhada de reganho de peso (Svetkey, Stevens et al. 2008). Além disso, muitos
medicamentos estdo associados a efeitos colaterais que limitam o seu uso (Derosa, Cicero et al.
2004). Em altima instancia, esgotadas as chances de sucesso do tratamento clinico, indica-se o
tratamento cirdrgico (Wyatt 2013).

A cirurgia bariatrica é considerada a melhor forma de tratamento da obesidade classe Il e
I11 nos pacientes que ndo apresentam boa resposta ao tratamento clinico, por possibilitar perda de
peso e sua manutencdo a longo prazo, melhora das comorbidezes (Sjostrom, Lindroos et al.
2004) e reducdo da mortalidade geral (Sjostrom, Narbro et al. 2007).

A cirurgia bariatrica (baros = peso; iatren = tratar), por definicdo, altera a anatomia e a

fisiologia do trato digestivo (Herron and Roohipour 2011). Idealmente, esse tratamento deve
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oferecer baixo risco de mortalidade e morbidade, reducdo do excesso de peso superior a 50%
(com sua manutencéo a longo prazo) em pelo menos 75% dos pacientes, melhora da qualidade
de vida com poucos efeitos colaterais, baixa taxa de reoperacdo por periodo inferior a dois anos,
bem como ser reversivel e reprodutivel (Manterola, Pineda et al. 2005).

Historicamente, o primeiro procedimento cirargico para perda de peso, denominado
desvio jejunoileal, foi realizado em 1953. Posteriormente, em razdo das complicacfes hepaticas,
metabolicas e nutricionais que acarretava, substituiram-no a gastroplastia em banda vertical, a
gastroplastia redutora com derivagdo gastrojejunal em Y de Roux (GRYR) e a derivagéo
biliodigestiva (Anthone, Lord et al. 2003). A cirurgia bariatrica pode ser subdividida em trés
grupos, conforme seus mecanismos de acdo: restricdo, disabsor¢do ou ambos (DeMaria 2007).
Nas cirurgias restritivas, ha uma reducdo da capacidade de ingestdo de alimentos, podendo ou
ndo ocorrer interferéncia no processo de digestdo. A banda gastrica ajustdvel e o sleeve
gastrectomy (gastroplastia vertical) sdo exemplos desse tipo de procedimento, onde no primeiro
caso, a colocacdo da banda gastrica ndo interfere no processo digestivo. Entretanto, ha alteracédo
do processo digestivo na cirurgia de sleeve gastrectomy, onde o fundo gastrico € retirado,
tornando-se uma cirurgia irreversivel. Nas cirurgias disabsortivas, hd uma pequena restricao
gastrica, associada a ma absorcdo intestinal resultante da exclusdo da maior parte do intestino
delgado do trato digestivo (Buchwald 2005). O bypass biliopancreatico é exemplo de cirurgia
disabsortiva que pode ter duas variagdes: Scopinaro ou switch duodenal (Brolin 2002). O desvio
jejunoileal é um exemplo de cirurgia totalmente disabsortiva. Ndo € mais recomendado, como
visto, devido a gravidade de seus efeitos colaterais, como deficiéncias nutricionais severas,
entretanto ainda ha cirurgides que o executam (DeMaria 2007). Nas cirurgias mistas, ha restricdo
da capacidade de ingestdo de alimentos, com diminui¢cdo da capacidade absortiva do trato
digestivo. A técnica de GRYR é um exemplo de cirurgia mista e caracteriza-se pela criacdo de
uma pequena bolsa gastrica proximal na pequena curvatura, com a reconstrucdo do transito
gastrointestinal fazendo-se por meio de uma alga jejunal em Y de Roux. Consequentemente, a
maior parte do estdmago, do duodeno e do jejuno proximal é excluida do trénsito alimentar. As
medidas das alcas biliopancreética e alimentar sdo variaveis, tendo em média 50 cm e 100 cm,
respectivamente. A colocacdo de um anel de contencdo ao redor da pequena bolsa géastrica é
realizada por alguns cirurgides. Tal procedimento pode ser efetuado por videolaparoscopia ou

por laparotomia. Alguns autores (Hess and Hess 1998; Rabkin 2004) também consideram a
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derivacdo biliodigestiva uma cirurgia mista; entretanto, a grande maioria a toma por um
procedimento primariamente disabsortivo (Buchwald 2005).

Além disso, a cirurgia de bariatrica promove alteracbes dos hormonios gastrointestinais,
variando 0os mecanismos de acdo de acordo com o procedimento cirdrgico realizado (Akkary
2012; lonut, Burch et al. 2013). A GRYR promove tanto um efeito sacietdgeno, quanto

incretinico (Geloneze and Pareja 2006).

1.2 CIRURGIA BARIATRICA: MODIFICACAO ANATOMICA COM CONTROLE DE UMA
DOENCA GRAVE

No passado, ninguém poderia imaginar que seus descendentes iriam cortar partes do
estdmago e intestino para combater o excesso de ingestdo alimentar (Pinkney, Johnson et al.
2010). N&o se pode afirmar que a obesidade ja& tenha sido retratada como modelo de beleza.
Alguns pesquisadores acreditam que as estatuetas Vénus de Frasassi e Vénus de Willendorf
representavam o arquétipo da beleza, fertilidade e fecundidade da mulher no periodo Paleolitico,
entretanto ainda ha davidas sobre esses conceitos. Olhando essas estatuetas, poderiamos estimar
um IMC acima de 30 Kg/m?, inaceitavel atualmente (Bonafini and Pozzilli 2011). O sobrepeso
também foi retratado nas pinturas e esculturas do século XVIII, mostrando, pelo menos, uma
melhor aceitacdo de formas mais robustas. - (Bonafini and Pozzilli 2011). Entretanto, com o
avango da medicina e a descoberta da associacdo entre obesidade e doencas, esse padrdo foi se
modificando (Holliday, McWilliams et al. 2011; Schmidt, Duncan et al. 2011; Schienkiewitz,
Mensink et al. 2012).

Atualmente, a obesidade é vista pela sociedade de vérias formas — como doenca, falta de
cuidado, atitude relapsa, etc. Dependendo de sua gravidade, ela pode levar a excluséo social,
além de acarretar uma serie de complicacdes associadas bem conhecidas. Em contrapartida,
encontramos também uma realidade oposta, em que a busca da extrema magreza pelas mulheres
estabelece um forte e importante paradoxo no mundo contemporaneo: a0 mesmo tempo que

existem varios fatores contribuindo para o excesso de peso, a sociedade exige, como modelo
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ideal de beleza, um corpo bastante magro, muitas vezes inalcancdvel, para a maioria das
mulheres (Bonafini and Pozzilli 2011).

A cirurgia bariatrica € uma importante ferramenta para a consecuc¢éo do objetivo da perda
de peso e esta associada ao aumento da expectativa de vida (Sjostrom 2008) e da produtividade
(Ewing, Thompson et al. 2011), melhora ou remissdo das comorbidezes (Sjostrom, Lindroos et
al. 2004; Mottin, Vontobel Padoin et al. 2008) e melhora da qualidade de vida (Arcila,
Velazquez et al. 2002), além de contribuir para a redugdo dos custos da salde publica
(Alexander, Goodman et al. 2008). Em sua meta-analise, Buchwald et al. demonstraram que, dos
pacientes submetidos a GRYR, 80% tém perda de 60 a 80% do excesso de peso no primeiro ano
de po6s-operatdrio e de 50 a 60% a longo prazo (o excesso de peso define-se pela subtracdo do
peso atual pelo peso ideal, este Gltimo determinado pelo IMC de 25 kg/m?) (Buchwald, Avidor et
al. 2004). A eficacia do procedimento cirurgico resulta de uma interacdo complexa de fatores
como restricdo gastrica, ma absorcdo, mudanca comportamental e sinais neurais e enddcrinos

que afetam o apetite e a saciedade (Elder and Wolfe 2007).

1.3 IMPACTO ECONOMICO DA OBESIDADE

Pessoas com obesidade requerem maiores cuidados especializados e usam mais
frequentemente os servicos de salde (Livingston and Ko 2004). Em estudo realizado com
adultos norte-americanos no tocante as suas despesas médicas (consultas, tratamento hospitalar e
medicamentos), verificou-se que o total de despesas per capita com salde de individuos com
obesidade classe I11, classe II, classe | e sobrepeso foi, respectivamente, 81%, 65%, 47% e 25%
superior ao de adultos com peso normal (Arterburn, Maciejewski et al. 2005). Entretanto,
estudos sobre o impacto da cirurgia bariatrica nos custos de satde mostram resultados diversos
(Bockelbrink, Stober et al. 2008; Neovius, Narbro et al. 2012; Weiner, Goodwin et al. 2013).

Muitos estudos registraram diminuicdo das despesas gastas com salde apds a cirurgia
bariatrica, considerando o valor da cirurgia em relagdo ao custo despendido com o paciente que
ndo sofre o procedimento (Christou, Sampalis et al. 2004; Sampalis, Liberman et al. 2004;
Cremieux, Buchwald et al. 2008; Hodo, Waller et al. 2008). No estudo de Sampalis et al. foi
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demonstrado que o investimento inicial da cirurgia e os custos da internacdo hospitalar foram
compensados pela reducéo total dos custos de saude apos 3,5 anos do procedimento (Sampalis,
Liberman et al. 2004). O mesmo foi evidenciado no estudo de Christou et al., que constataram
menor indice de internacdo hospitalar, dias de internagdo e consultas no grupo operado durante
0S cinco primeiros anos, em comparagdo com o grupo de controle (Christou, Sampalis et al.
2004).

Corroborando essa posigdo, Neovius et al. verificaram significativa diminui¢cdo dos
custos com consultas médicas (principalmente por doenca cardiovascular, diabetes e cancer) e
medicamentos no grupo operado, na compara¢do com o grupo de controle, entre o sétimo e o
vigésimo ano de pos-operatorio, sem diferencas nos demais custos de satde. O grupo operado
apresentava, em média, 6,3 kg a mais, 1,3 anos a menos, maior indice de tabagismo e diabetes do
que o grupo de controle no pré-operatdrio (Neovius, Narbro et al. 2012).

O uso de medicamentos para as comorbizes associadas a obesidade representa um valor
consideravel nos custos de salude. Estudo de Hodo et al. demonstrou que, passados seis meses da
cirurgia bariatrica, os pacientes diminuiram em 19%, 54%, 60%, 60% e 51% o uso das
medicacfes para doencas psiquiatricas, doencas cardiacas, diabetes, asma e diuréticos,
respectivamente, na comparagao com 0s seis meses que antecederam a cirurgia (Hodo, Waller et
al. 2008).

Essa reducdo de custos de salde é confirmada pelos dados de Faria et al., que, valendo-se
do modelo de Markov, estimaram uma diminui¢do de 30% nos custos gerais gastos com salde
durante toda a vida do paciente operado, em comparacdo com o paciente portador de obesidade
(Faria, Preto et al. 2013). O modelo de Markov é um modelo estatistico em que o sistema
modelado é assumido como um processo de Markov com parametros desconhecidos, e o desafio
é determinar os parametros ocultos a partir dos parametros observaveis. Os parametros extraidos
do modelo podem entdo ser usados para realizar novas analises, por exemplo, para aplica¢fes de
reconhecimento de padrées. Uma limitagdo para a interpretacdo desses dados reside no fato de
que um modelo de Markov representa um processo cujo comportamento em qualquer ciclo
depende somente daquele ciclo (Sonnenberg and Beck 1993), isto &, a transi¢cdo para um dado
estado independe da transi¢do anterior. Em outras palavras, a probabilidade de morte devido a
um ataque cardiaco, por exemplo, independe do numero de vezes que a pessoa sofreu ataques

cardiacos no passado.


http://pt.wikipedia.org/w/index.php?title=Modelo_estat%C3%ADstico&action=edit&redlink=1
http://pt.wikipedia.org/wiki/Processo_de_Markov
http://pt.wikipedia.org/wiki/Reconhecimento_de_padr%C3%B5es
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Um estudo realizado por nosso grupo, acompanhando 194 pacientes durante trés anos
apos a cirurgia bariatrica, verificou reducdo dos custos de saude comparativamente ao periodo
pré-operatdrio, chegando a registrar queda de 68% nos casos de pacientes que apresentavam duas
ou mais comorbidezes no pré-operatdrio (Sussenbach, Padoin et al. 2012).

Contrapondo-se a essas informacGes, dados recentes divulgados por Weiner et al.
(Weiner, Goodwin et al. 2013) mostram nédo haver grande beneficio financeiro a longo prazo
para 0s pacientes de pds-operatorio de cirurgia bariatrica, uma vez que continuam arcando com
elevados custos de saude nesse periodo. Note-se, no entanto, que o0s autores avaliaram somente
0s seis primeiros anos de pds-operatorio, em que 0s custos do procedimento cirurgico e dos
cuidados de pds-operatorio tornam esse periodo mais oneroso (Neovius, Narbro et al. 2012).

As variacgdes entre os estudos podem ser atribuidas a diferencas de rotinas ou tempo de
seguimento de po6s-operatorio, podendo alguns estudos ter como rotina maior ou menor duragao
de internacdo hospitalar, acompanhamento de consultas, solicitacdes de exames, medicacdes, etc.
Outro fator importante a se considerar sdo as complicacdes do pds-operatdrio, que geram maior
gasto total e ndo foram descritas nos estudos. Os estudos de seguimento a longo prazo (mais de
dez anos) oferecem uma andlise comparativa mais ampla e justa, pois os gastos iniciais do

procedimento estardo diluidos nos custos totais do periodo.

1.4 RISCOS vs. BENEFICIOS DA CIRURGIA BARIATRICA

Além dos beneficios classicos ja abordados acima, que incluem reducdo significativa do
peso (Contreras, Santander et al. 2013), da incidéncia de diabetes (Mottin, VVontobel Padoin et al.
2008), dos niveis pressoricos (Sjostrom, Lindroos et al. 2004), dos niveis de lipidios (Sjostrom,
Lindroos et al. 2004) e de mortalidade (Sjostrom 2008), novos beneficios tém sido relacionados
na literatura recentemente. Uma vez que a obesidade esta associada a um maior risco de
neoplasias malignas (Crujeiras, Cueva et al. 2012; Schlesinger, Aleksandrova et al. 2013), é de
esperar que seu tratamento resulte na reducdo desse risco, o que tem sido sugerido em estudos

recentes (McCawley, Ferriss et al. 2009; Sjostrom, Gummesson et al. 2009).
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Entretanto, esses beneficios podem vir acompanhados de prejuizos, alguns simples e de
facil manejo, e outros mais complexos, trazendo maiores riscos a salde, e até a morte
(deficiéncias nutricionais, sindrome de dumping, sindrome de hipoglicemia hiperinsulinémica,
nauseas, vémitos e diarréias, etc.) (Kellogg, Bantle et al. 2008; Aasheim, Johnson et al. 2011;
Sarwer, Moore et al. 2012; Thurnheer, Bisang et al. 2012).

A perda de massa 0ssea no pds-operatorio é um prejuizo importante da cirurgia, ja tendo
sido relatada e evidenciada por diversos autores, incluindo nosso grupo. Entretanto, um manejo e
tratamento adequados podem minimizar suas consequéncias (Coates, Fernstrom et al. 2004;
Fleischer, Stein et al. 2008; Carrasco, Ruz et al. 2009; Casagrande, Repetto et al. 2012).

A deficiéncia de vitamina D é uma condicdo carencial comum tanto na obesidade quanto
no pos-operatorio da cirurgia bariatrica. Atualmente, estudos indicam que a deficiéncia de
vitamina D esta relacionada com uma série de doencas além da osteoporose (Mata-Granados,
Cuenca-Acevedo et al. 2010; Narula, Tauseef et al. 2013), entre elas as doencas cardiovasculares
(Vacek, Vanga et al. 2012), e com o desenvolvimento de cancer (Samimi, Touze et al. 2013). O
diagndstico e tratamento da deficiéncia de vitamina D sdo extremamente importantes, haja vista
a piora do estado geral de salde na sua escassez.

A seqguir, serdo detalhadas essas trés condicBes importantes (incidéncia de cancer,
deficiéncia de vitamina D e perda de massa 6ssea), mostrando-se o beneficio do procedimento

cirargico e os riscos associados ao pos-operatorio.

1.4.1 Incidéncia de cancer

A obesidade pode resultar na piora do tratamento e progndstico do cancer, aumentando a
mortalidade a ele relacionada (Chang, Schechter et al. 2012; Connor, Baumgartner et al. 2013).
A associagao entre a obesidade e o risco de cancer envolve alteragdes metabolicas e enddcrinas,
que induzem a producéo de peptideos e horménios esteroides (Calle, Rodriguez et al. 2003).

Muitos tipos de céncer estdo associados a alteracbes dos hormonios esteroides,
especialmente aqueles tipos considerados horménios-dependentes, como o0s canceres de

endometrio (Dossus, Lukanova et al. 2013), mama (Kaaks, Berrino et al. 2005), Utero (Zhao,
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Yoshida et al. 2013), ovario (Lee, Rosen et al. 2005) e prostata (Salonia, Abdollah et al. 2013).
Além disso, existe uma associacdo estabelecida entre inflamacao e cancer (Chang, Kuo et al.
2012).

A obesidade também est4 associada a inflamacdo cronica derivada do tecido adiposo
branco, que leva a liberacao de citocinas pro-inflamatdrias tais como o fator de necrose tumoral
alfa (TNF-alpha), a proteina C reativa (PCR) e muitas interleucinas (Vendrell, Maymo-Masip et
al. 2010; La Vignera, Condorelli et al. 2011). Essas citocinas pré-inflamatdrias agem nos tecidos
e células e estdo associadas ao cancer devido a seus efeitos diretos e indiretos sobre as células
inatas e adaptativas do sistema imunologico, a homeostase desordenada dos tecidos e ao aumento
do estresse oxidativo (Lyon, McCain et al. 2008).

Alguns estudos mostraram que a cirurgia bariatrica resulta na diminuicdo de marcadores
de estresse oxidativo e de inflamacéo sistémica (Uzun, Zengin et al. 2004; Holdstock, Lind et al.
2005; Vazquez, Pazos et al. 2005), o que poderia contribuir para reduzir o risco de cancer ap6s o
procedimento (Christou, Lieberman et al. 2008).

Sabe-se que existe uma forte associacdo entre resisténcia a insulina e cancer (Colangelo,
Gapstur et al. 2002; Jee, Ohrr et al. 2005). Quanto maior a resisténcia a insulina, maior o nivel de
insulina circulante, o que pode potencializar os efeitos anabolicos e mediar a proliferacao celular
e a progressdo do cancer (Capasso, Esposito et al. 2013). Niveis de insulina aumentados tém sido
associados com céncer de colon (Colangelo, Gapstur et al. 2002), mama (Oh, Park et al. 2011),
pancreas (Berrington de Gonzalez, Yun et al. 2008) e endométrio (Wang, Rohan et al. 2011).
Entre os importantes efeitos da cirurgia bariatrica, pode-se citar a melhora ou remissdao do
diabetes (Mottin, Vontobel Padoin et al. 2008) e da resisténcia a insulina (Lee, Chong et al.
2011).

A cirurgia bariatrica pode melhorar ou curar a esteatose, a esteato-hepatite em muitos
pacientes (Mottin, Moretto et al. 2005), por diminuir o estresse oxidativo (Kisakol, Guney et al.
2002; Uzun, Zengin et al. 2004) e aumentar os niveis e a atividade dos antioxidantes (Uzun,
Zengin et al. 2004). Dados recentes apontam que a obesidade e o diabetes séo fatores de risco
para o desenvolvimento do carcinoma hepatocelular (Polesel, Zucchetto et al. 2009), pois
geralmente estdo associados a doenga gordurosa ndo alcodlica hepatica, que pode progredir para

a esteatose ndo alcodlica, a cirrose e o proprio carcinoma hepatocelular. Esses mecanismos da
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carcinogénese incluem esteatose relacionada a obesidade, peroxidacdo lipidica e aumento do
estresse oxidativo (Oliveira, Faintuch et al. 2005).

Os niveis de leptina costumam ser altos em individuos obesos, podendo estimular a
proliferacdo de células cancerosas e, assim, contribuir para a carcinogénese (Fenton, Hord et al.
2005). Apos a cirurgia bariatrica sdo verificados niveis baixos de leptina (Geloneze, Tambascia
et al. 2001), o que talvez explique a menor incidéncia de cancer na populacdo submetida ao
procedimento (Adams, Stroup et al. 2009; Sjostrom, Gummesson et al. 2009).

Em suma, a cirurgia bariatrica pode exercer papel protetor contra o cancer (Sjostrom,
Gummesson et al. 2009), devido a melhora da resisténcia a insulina (Ballantyne, Farkas et al.
2006) e da sindrome metabdlica (Gracia-Solanas, Elia et al. 2011), a diminui¢do do estresse
oxidativo e da inflamagdo (Joao Cabrera, Valezi et al. 2010) e & modulagdo benéfica dos
esteroides sexuais (Bastounis, Karayiannakis et al. 1998; Rosenblatt, Faintuch et al. 2012), dos
horménios intestinais (le Roux, Aylwin et al. 2006), das adipocinas (Trakhtenbroit, Leichman et
al. 2009) e do sistema imunoldgico (Viardot, Lord et al. 2010).

1.4.2 Deficiéncia de vitamina D

A vitamina D (colecalcidiol) ¢ um horménio fundamental para a absorcéo do calcio e a
manutencdo do esqueleto (Norman 2008). E adquirida pela dieta por meio da ingestdo de
alimentos ricos em 6leo de peixe, figado e ovos. A maior fonte, porém, decorre da ativacdo na
pele (derme e epiderme), a partir da exposi¢do aos raios ultravioleta B (UVB), quando o
composto 7-dehidrocolesterol se transforma em vitamina D. Essa forma, cuja ativacdo ndo é
metabdlica, necessita da funcdo hepética e renal preservada. E transportada pela corrente
sanguinea até o figado, onde sofre uma hidroxilagdo no carbono 25, gerando 25 hidroxivitamina
D - 25(0OH)D - ou calcidiol. Para se tornar ativa, a 25(OH)D necessita ainda de uma hidroxilacéo
na posicdo 1, que ocorre nas mitocondrias dos tubulos contornados proximais do rim, sob a agéo
da enzima lohidroxilase, transformando-se em 1,25-diidroxivitamina D (1,25(OH),D) ou

calcitriol (hormdnio 1.000 vezes mais potente que seu precursor, o calcidiol) (Holick 1995).
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A deficiéncia da vitamina D leva a uma diminuicdo da absor¢éo intestinal do célcio e,
consequentemente, a hipocalcemia. Esta, no entanto, € breve, pois em seguida surge um
hiperparatireoidismo compensatorio, com aumento da mobilizacdo do calcio 6sseo e diminui¢do
da depuracdo renal do célcio, juntamente com o aumento na depuragdo do fosfato. Ao mesmo
tempo, ocorre uma hipofosfatemia, gerada pela absorcéo intestinal de fosfato diminuida. Esse
mecanismo compensatorio pode deixar de existir devido a gravidade e/ou duracdo da doenca.
Nessa fase, 0 metabdlito ativo da vitamina D — 1,25(0OH),D — pode estar normal ou elevado. Os
niveis séricos de calcio geralmente se encontram dentro ou muito préximo da normalidade, ha
hipofosfatemia e niveis baixos de vitamina D; a fosfatase alcalina pode estar aumentada, e ha
perda de massa 6ssea com risco aumentado de fraturas, situacdo em que os marcadores de
reabsorcdo Ossea estdo elevados. Niveis constantes e suficientes de vitamina D sdo, portanto,
fundamentais para a manutencdo da massa 6ssea (Premaor and Furlanetto 2006).

A deficiéncia de vitamina D ou hipovitaminose D é um problema de salde publica
mundial (Mithal, Wahl et al. 2009), podendo ser definida por valores séricos de 25(OH)D
inferiores a 20 ng/ml (50 nmol/L) (Talaei, Yadegari et al. 2012). Entretanto, ainda ndo ha uma
definicdo aceita globalmente sobre qual seria o valor de normalidade de 25(OH)D. Diversos
estudos tentaram definir um ponto de corte ideal de 25(OH)D, baseados em sua concentracao
plasmatica, abaixo do qual os valores séricos de PTH elevam-se. No entanto, essa concentracao
plasmética tem variado em cada pais onde foi pesquisada (Lips, Duong et al. 2001). Em criancas
e jovens, demonstrou-se que, com a dosagem de 25(OH)D de 70 nmol/L, quase sempre se
observa supressao do PTH (Vieth, Ladak et al. 2003). No Brasil, estudo com jovens entre 17 e 35
anos mostrou que o ponto de corte era de 74,5 nmol/L (Maeda, Kunii et al. 2007). Nos idosos
acima de 70 anos, é provavel que seja necessario elevar essa concentra¢do plasmatica para mais
préximo de 100 nmol/L para se conseguir suprimir o PTH (Vieth, Ladak et al. 2003). A
classificacdo desenvolvida por Freaney e cols. tem sido amplamente utilizada para definir o
status de 25(OH)D e refere como concentra¢Bes plasmaticas desejaveis acima de 100 nmol/L (ou
40 ng/mL) (Freaney, McBrinn et al. 1993).

Dados do National Health and Nutrition Examination Survey 2005-2006 (NHANES
2005-2006) relativos a 4.485 participantes adultos norte-americanos mostraram prevaléncia da
deficiéncia de vitamina D (25(OH)D < 20ng/mL) em 42% da populacdo estudada, com o0s

maiores indices sendo registrados entre os afrodescendentes (82,1%) e os hispanicos (69,2%)
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(Forrest and Stuhldreher 2011). A deficiéncia de vitamina D também ¢é prevalente em individuos
com obesidade classe Ill, atingindo de 40 a 80% dessa populacdo (Flancbaum, Belsley et al.
2006; Casagrande, Repetto et al. 2010; Johnson, Hofso et al. 2012).

Estudo prévio de nosso grupo evidenciou prevaléncia de deficiéncia de vitamina D de
80% em individuos com obesidade classe Ill, os quais apresentavam valores normais de célcio e
magnésio, mas niveis de PTH mais elevados, embora sem significancia estatistica, do que
aqueles individuos sem deficiéncia de vitamina D (Casagrande, Repetto et al. 2010). A causa da
deficiéncia de vitamina D nessa populagéo poderia relacionar-se com uma menor exposi¢éo solar
desses individuos, menor ingestdo de alimentos fonte de vitamina D ou mesmo com o sequestro
de vitamina D pelo tecido adiposo (Holick and Chen 2008).

Os tecidos do cérebro, da préstata, da mama, do célon, entre outros, assim como as
células do sistema imunoldgico, tém um receptor de vitamina D (VDR) que responde a forma
ativa da vitamina D. Alguns desses tecidos e células expressam a enzima 25-hidroxivitamina D-
la-hidroxilase, que converte 25(0OH)D em 1,25(0OH),D (Dusso, Brown et al. 2005). A -
1,25(0H),D - exerce efeitos em células que ndo estdo envolvidas na homeostase do célcio. A
ligacdo do VDR com a forma ativa da vitamina D, 1,25(0OH),D, produz multiplos efeitos
celulares, incluindo a inducdo de diferenciacdo e apoptose, a inibicdo da proliferacdo, a
angiogénese e o potencial metastatico (Diaz, Paraskeva et al. 2000; Evans, Shchepotin et al.
2000). Portanto, a vitamina D pode desempenhar papel importante na etiologia e no tratamento
do céancer. A deficiéncia de vitamina D esta associada a diversos tipos de cancer (Churilla,
Brereton et al. 2012; Friedman, DeMichele et al. 2012; Roskies, Dolev et al. 2012). Além disso,
0s niveis séricos de 25(0OH)D séo significativamente mais elevados em pacientes com cancer de
mama em estagio precoce do que naqueles com doencga avancada ou metastatica (Palmieri,
MacGregor et al. 2006).

1.4.3 Perda de massa 6ssea

O calcio é o mineral mais abundante do corpo humano (39% em relagdo a outros

minerais), correspondendo a 1-2% do peso corporal, 99% nos 0ssos e 1% no sangue, espaco
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extracelular e celulas de tecidos moles. Sua fungdo relaciona-se ao crescimento e
desenvolvimento dos 0ssos e dentes, estabilizacdo das membranas de células excitaveis
(musculos e nervos), participacdo no processo de coagulacdo sanguinea e na atividade de
diversas enzimas (Grudtner, Weingrill et al. 1997). Tradicionalmente considera-se que a
quantidade ideal deste mineral na dieta seja aquela que conduza a um pico de massa dssea
adequado na crianca e adolescente, mantenha-o no adulto e minimize a perda na senilidade (NIH
1994). Seu mecanismo de absor¢do é complexo, envolvendo especialmente a vitamina D,
ATPase, fosfatase alcalina intestinal, fatores que aumentam ou diminuem sua solubilidade,
proteina ligadora de célcio no enterdcito, e proteina ligadora de célcio no plasma. O transporte
celular de célcio é maior no duodeno e jejuno proximal, e menor no célon proximal, pouco
ocorrendo no jejuno distal e no ileo (Gridtner, Weingrill et al. 1997).

A avaliacdo da massa Ossea € um meétodo utilizado na prética clinica diaria para
identificacdo de osteopenia e osteoporose. Entretanto, sabe-se que a densidade mineral 0ssea
(DMO) é uma medida estatica e, portanto, ndo reflete alteracbes dinamicas do tecido 6sseo. A
remodelacdo ¢ um fenbmeno que ocorre ao longo da vida, sendo fundamental para renovacao do
esqueleto e preservagdo de sua qualidade. Em situagdes fisioldgicas, a reabsor¢do e a formacéo
sdo fendmenos acoplados e dependentes, e o predominio de um sobre o outro pode resultar em
ganho ou perda de massa 0ssea. Fosfatase alcalina total, fosfatase alcalina 6ssea, osteocalcina,
pré-peptideo do colageno tipo | sdo marcadores de formagdo Ossea; calcio urinério,
hidroxiprolina urinaria, fosfatase acida tartarato-resistente, moléculas interligadoras do colageno
tipo | (piridinolina, deoxipiridinolina, telopeptideos aminoterminais (N-telopeptideo) e
carboxiterminais (C-telopeptideo) do colageno tipo I) sdo marcadores de reabsorcdo dssea
(Saraiva and Lazaretti-Castro 2002). Importante ressaltar também que o principal desfecho da
osteoporose sdo as fraturas, e sua ocorréncia depende de multiplos outros fatores, além da perda
de DMO. Dentre os mais relevantes cita-se idade, sexo, uso de glicocorticéides, artrite
reumatoide, doencas que se relacionam com reabsor¢do 6ssea aumentada, historia familiar de
osteoporose, tabagismo, ingestdo de alcool, IMC, risco de queda, fraqueza muscular, entre outros
(Ensrud, Lui et al. 2009).

A obesidade ja foi tida como um fator de protecdo para a osteoporose (Albala, Yanez et
al. 1996). Entretanto, estudos recentes questionam essa posi¢do e indicam que o aumento do

tecido adiposo ndo é sempre benéfico para a estrutura Ossea (Janicka, Wren et al. 2007),
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considerando a obesidade como fator de risco para fraturas (Greco, Fornari et al. 2010). Estudo
observacional mostrou que individuos com obesidade tém menor DMO do que esperado para a
sua faixa etaria (Greco, Fornari et al. 2010). Outros autores, avaliando homens e mulheres com
idades entre 25-64 anos mostraram que o tecido adiposo foi inversamente associado com a DMO
total do corpo e do quadril, o que foi independente do peso, nivel de atividade fisica e idade
(Hsu, Venners et al. 2006). Outro estudo recente, que utilizou tomografia computadorizada para
avaliacdo da gordura visceral e DMO, mostrou que a gordura na medula 6ssea se correlacionava
positivamente com a gordura visceral e negativamente com o fator de crescimento da insulina
tipo 1 (IGF-1) em mulheres com obesidade (Bredella, Torriani et al. 2011), sugerindo que 0s
efeitos prejudiciais da gordura visceral sobre a salde 6ssea podem ser mediados, em parte, pelo
acumulo de gordura na medula dssea, estabelecendo elo entre obesidade central e osteoporose
(Bredella, Torriani et al. 2011).

Mulheres com sobrepeso e obesidade apresentam menores taxas de marcadores de
formacdo dssea, como indicado pelos niveis circulantes de colageno tipo 1, comparadas as
mulheres com peso normal, mostrando que IMC esta inversamente associado com niveis de
colageno tipo I, que € um marcador de formacdo Ossea. Entretanto, neste estudo mulheres com
obesidade tinham DMO maior do que mulheres com peso normal e com sobrepeso (Papakitsou,
Margioris et al. 2004).

A cirurgia bariatrica produz uma perda de peso importante, sobretudo no primeiro ano
apos a operacao. Considerando-se 0s mecanismos acima citados, a perda de massa 6ssea pode se
iniciar ja nos primeiros meses de pds-operatorio. Em mulheres que foram submetidas a GRYR,
foram observados altos valores de C-telopeptideo sérico, com diminuicdo de 25(OH)D e
aumento de PTH no primeiro ano de pds-operatdrio, indicando elevada remodelacdo éssea,
deficiéncia de vitamina D e hiperparatireoidismo secundario (El-Kadre, Savassi-Rocha et al.
2004).

A obesidade e a sindrome metabodlica produzem efeitos potencialmente prejudiciais na
saude 6ssea, com grande incidéncia de fraturas osteoporoticas e fragilidade da estrutura 0ssea em
adultos (jovens e idosos) com aumento da adiposidade visceral (von Muhlen, Safii et al. 2007;
Gilsanz, Chalfant et al. 2009). Adiponectina € um hormdnio proteico secretado pelos adipdcitos
e modula varios processos metabdlicos (regula a homeostase de energia e tem efeitos anti-

inflamatdrio e anti-aterogénico). No estudo de Lenchik et al. foi demonstrado que a adiponectina
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estd inversamente associada a gordura visceral e 8 DMO, ndo demonstrando a mesma relagédo
com a gordura subcutanea (Lenchik, Register et al. 2003).

Assim como a obesidade esta relacionada a salde 6ssea, a perda de peso também pode
produzir efeitos prejudiciais no o0sso (Hinton, Rector et al. 2012) — de fato, evidéncias
demonstram relacdo entre perda de peso e perda dssea em varios sitios (Andersen, Wadden et al.
1997; Salamone, Cauley et al. 1999). Em funcédo disso, a avaliagdo 0ssea no pre-operatério da
cirurgia bariatrica deve ser criteriosa e de rotina, pois, como ja foi descrito, a deficiéncia de
vitaminas e minerais podera comprometer a salde 6ssea no pos-operatorio (Casagrande, Repetto
et al. 2010).

As técnicas cirurgicas que causam disabsorcdo constituem alto fator de risco para
desenvolvimento de doencas Osseas (Riedt, Brolin et al. 2006). Entretanto, ha varios estudos
demonstrando alteracBes no metabolismo Gsseo em técnicas puramente restritivas (Pugnale,
Giusti et al. 2003; Giusti, Gasteyger et al. 2005; Nogues, Goday et al. 2010). Ainda ndo esta
claro se o aumento nos marcadores de remodelacdo Ossea representa um efeito adverso da
cirurgia bariatrica, ou se reflete um ajuste fisiologico devido as mudangas no peso e,
consequentemente, na carga carregada. Nos dois casos, 0 aumento da remodelacéo 6ssea produz
um efeito catabdlico no osso, onde a remodelacdo é maior do que a formacdo Ossea
(Brzozowska, Sainsbury et al. 2013).

A deficiéncia de vitaminas e minerais que afeta 0s pacientes no pds-operatorio da cirurgia
bariatrica é responsavel pelos danos causados no metabolismo 6sseo. Uma suplementacdo
adequada com um rigoroso acompanhamento no pds-operatorio poderia mudar esse desfecho,
evitando a doenca 6ssea (Brzozowska, Sainsbury et al. 2013). A Sociedade Americana de
Cirurgia Bariatrica e Metabdlica (ASMBS — American Society of Metabolic and Bariatric
Surgery) recomenda uma suplementagdo de 1.200 a 2.000 mg de citrato de célcio e de 400 a 800
Ul de vitamina D por dia para a prevencdo de doenca 6ssea no pos-operatorio. Ndo obstante,
sugere o monitoramento e eventual alteragdo na suplementacéo recomendada (Aills, Blankenship
et al. 2008).

1.4.3 Risco de fraturas na obesidade e ap0s cirurgia bariatrica
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Baixo peso corporal é fator de risco para fraturas, principalmente em idosos, o que pode
ser o resultado de varios fatores, incluindo baixa DMO, aumento do risco de quedas resultante da
fraqueza muscular e menor quantidade de tecidos moles que podem proteger contra o impacto de
uma queda. Por outro lado, recentemente, especial atencdo tem sido dada para a ocorréncia de
fraturas em individuos com sobrepeso ou obesidade (Nielson, Srikanth et al. 2012).

A associacdo entre o IMC e o risco de fraturas é complexa, pois difere conforme os locais
do esqueleto e é modificada pela interacdo entre IMC e DMO. Em recente revisdo sistematica
com meta-analise de estudos observacionais, totalizado 398.610 mulheres acompanhadas, baixos
valores de IMC foram associados com maior risco de fratura de quadril e menor risco de fraturas
osteopordticas, fratura de tibia e fibula, antebrago distal e braco (resultados ajustados para
DMO). J& valores elevados de IMC foram associados com maior risco de fratura na parte
superior do braco (Umero e cotovelo) e todas as fraturas osteoporoéticas (Johansson, Kanis et al.
2013). Em relacdo a fratura de quadril, outra recente revisdo sistematica com meta-analise
realizada com 15 estudos de coorte (3.126.313 adultos), mostrou que individuos obesos possuem
menor risco desse tipo de fratura (RR 0,48; IC 95% 0,39 — 0,58; P< 0,001) e que a obesidade
parece ser um fator protetor para fratura de quadril (Tang, Liu et al. 2013).

O tipo de obesidade conforme a distribuicdo da gordura corporal também tem sido
analisado. Em mulheres, ao final de cinco anos de seguimento, para cada 1 kg a menos na
gordura abdominal, observou-se associagdo com um risco 50% maior de qualquer tipo de fratura
(HR 1,50; IC 95% 1,10-2,05) ap0s ajuste para idade, densidade mineral 6ssea do colo femoral,
quedas, estatura, atividade fisica e fraturas prévias (Yang, Nguyen et al. 2013).

Poucos estudos tém demonstrado a ocorréncia de fraturas apds a cirurgia bariatrica. Um
estudo da Mayo Clinic, apresentado na 912 Reunido Anual da Sociedade de Endocrinologia,
relatou aumento no risco de fraturas em pacientes submetidos a cirurgia bariatrica, em
comparagdo com 0 que seria esperado para pessoas da populacdo em geral com a mesma idade
(Haglind, Kennel et al. 2009). Ja estudo de coorte retrospectivo ndo encontrou aumento do risco
de fraturas em 2.079 pacientes submetidos a cirurgia bariatrica, em compara¢do com grupo
controle (8,8 versus 8,2 por 1.000 pessoas-ano; RR 0,89; IC 95% 0,60-1,33). A cirurgia
bariatrica também n&o afetou o risco de fraturas osteoporoticas e ndo osteoporéticas. No entanto,

observou-se uma tendéncia para um aumento no risco de fratura apés trés a cinco anos poés-
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operatorios, bem como em pacientes que tiveram uma maior diminui¢do no IMC ap0s a cirurgia,

mas isso ndo foi significativo (Lalmohamed, de Vries et al. 2012).



2 JUSTIFICATIVA

A cirurgia bariatrica é considerada o tratamento mais eficaz para pacientes com
obesidade. Entretanto, seus efeitos colaterais, causados pela desnutricdo secundaria ao
procedimento, pela suplementacdo de vitaminas e de minerais inadequada ou inexistente e por
alteracdes fisioldgicas promovidas pela cirurgia podem acarretar piora do estado de salde a
longo prazo. Por outro lado, a cirurgia bariatrica produz efeitos benéficos metabdlicos, perda de
peso e melhora ou remissao de doencas associadas a obesidade.

Dessa forma, € importante estudar as alteracdes metabolicas, como as do metabolismo
0sseo, e suas consequéncias antes e depois do procedimento considerando que a disabsor¢édo de
nutrientes proposta pela cirurgia bariatrica possa interferir nesses resultados no pos-operatorio.

Dado que a obesidade esté associada a maior incidéncia de muitas neoplasias malignas, o
estudo da incidéncia de cancer no pds-operatorio da cirurgia bariatrica tem sido muito explorado,
mas ndo havia até recentemente revisdo sistematica sobre o tema.

Considerando essas duas lacunas da literatura, sdo propostos um estudo de coorte para
investigar o metabolismo Gsseo ap6s a cirurgia bariatrica e também uma revisdo sistematica com

meta-analise para o estudo da incidéncia de cancer no pos-operatério da cirurgia bariatrica.



3 OBJETIVOS

Os objetivos desta tese foram:

1) Verificar o perfil nutricional, os aspectos metabodlicos e a densidade mineral 6ssea da
coluna lombar e do fémur de pacientes com obesidade morbida antes e apdés um ano da
gastroplastia redutora com derivacdo gastrojejunal em Y de Roux;

2) Avaliar a incidéncia de cancer em individuos submetidos a cirurgia bariatrica,

comparando-os com individuos obesos mediante uma revisdo sistematica com meta-analise.
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Morbid obesity, Metabolic bone disease, Bone turnover, Vitamin D deficiency, Osteoporosis,
Bariatric Surgery, Bone Metabolism
Abstract

Background: Roux-en-Y gastric bypass (RYGB) surgery is the gold standard surgical
treatment for obesity. However, unintended nutritional deficiencies following this surgery are
common, including changes in bone metabolism.

Objective: We assessed changes in bone mineral density (BMD), nutritional compounds
and bone resorption markers before and 1-year following RYGB surgery.

Methods: Our study included 22 female patients with class II/111 obesity. A clinical
questionnaire, a 24-h recall and blood and urine samples and Dual-energy X-ray absorptiometry
(DXA) were provided.

Results: Mean age was 37.2 + 9.6 years, 86% were Caucasian and 77.2% were
premenopausal. Mean preoperative body mass index (BMI) was 44.4 + 5.0 Kg/m? and 27.5 + 4.5
Kg/m? at the 1-year follow-up (p<0.001). 25-OH-vitamin D-levels were similar in both periods
[11.7 (9.7-18.0) vs 15.7 (10.2-2.7) pg/dL, p= 0.327]. Serum N-telopeptide (16.3 + 3.4 vs 38.2 +
7.0 nMBCE, p<0.001) and parathyroid hormone (45.4 + 16.7 vs 62.7 £ 28.9 pg/mL, p=0.026)
increased after RYGB surgery, reflecting bone resorption. BMD decreased after RYGB surgery
in the lumbar spine (1.13 = 0.11 vs 1.04 + 0.09 g/cm?, p=0.001), femoral neck (1.03 £ 0.15 vs
0.94 £ 0.16 g/cm?, p=0.001), and total femur (1.07 £ 0.11 vs 0.97 £ 0.15 g/cm?, p=0.003).

Conclusion: Decreased BMD in the lumbar spine, femoral neck and total femur is
detectable in women one year after RYGB surgery. Calcium malabsorption, caused by vitamin D
deficiency and increased bone resorption, is partially responsible for these outcomes and should

be targeted in future clinical trials.

Introduction

Obesity has dramatically increased over the last several years throughout the world
(Rokholm, Baker et al. 2010), and reached a prevalence of about 30% in the United States in
2008 (Flegal, Carroll et al. 2010) and 13.5% in Brazil in 2009 (Moura and Claro 2011).
Currently, bariatric surgery is the most effective treatment to lose weight, improve quality of life,
and reduce morbidity and mortality among obese individuals who could not achieve weight loss

with lifestyle interventions and/or anti-obesity medication (Colquitt, Picot et al. 2009). Roux-en-
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Y gastric bypass (RYGB) surgery is considered the gold standard surgical treatment for these
patients, because it leads to less severe malabsorption and malnutrition than traditional
malabsorptive procedures (i.e., jejuno-ileal bypass) (Barrow 2002; Garcia, Long et al. 2009) and
to significantly higher excess weight loss than pure restrictive procedures (Campos, Rabl et al.
2011). However, unintended nutritional deficiencies following gastric bypass surgery are a major
adverse outcome, including changes in bone metabolism (Fleischer, Stein et al. 2008; Gehrer,
Kern et al. 2010; Higa, Ho et al. 2010; Sinha, Shieh et al. 2011). Weight loss induced by
malabsorptive procedures can be accompanied by increased levels of parathyroid hormone
(PTH), resulting from an inadequate intake and absorption of calcium and vitamin D (Riedt,
Cifuentes et al. 2005). Increased PTH and decreased vitamin D are known to cause osteoporosis
(Mezquita-Raya, Munoz-Torres et al. 2001) and are highly prevalent after any kind of caloric
restriction (Ricci, Heymsfield et al. 2001). This is most prominent if routine exercise is not
associated with dietary interventions (Villareal, Shah et al. 2008).

Although some previous studies show a decrease in bone mineral density in the first year
following bariatric surgery (Fleischer, Stein et al. 2008; Mahdy, Atia et al. 2008; Vilarrasa, San
Jose et al. 2011), others show that RYGB is associated with high bone resorption and
hyperparathyroidism, without a reduction in bone mineral density measured in the lumbar spine
and femoral neck (Valderas, Velasco et al. 2009).

The aim of this 1-year follow-up study in obese women undergoing RYGB is twofold:
first, to quantify the change in bone mineral density using dual-emission X-ray absorptiometry
(DXA), the standard technique for bone mineral density measurement in non-obese women, and
second, to assess changes in bone serum markers and nutritional components between

preoperative and 1-year follow-up measurements.

Methods

We performed a prospective cohort study of patients undergoing RYGB surgery. All
patients were recruited from the outpatient clinic of the Obesity and Metabolic Syndrome Center
of Hospital S&o Lucas of Pontificia Universidade Catdlica do Rio Grande do Sul (PUCRS), in
Porto Alegre, Brazil. The Internal Review Board of Hospital Sdo Lucas of PUCRS approved the
study and all subjects gave written informed consent before participating in it (protocol
06/02985). The RYGB patients were recruited between January 2007 and July 2008 and met
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inclusion criteria to undergo bariatric surgery (patients who maintain BMI >40 kg/m2, or a BMI
>35 kg/m2 with at least 1 comorbidity) (1992). Patients were excluded if they had preoperative
gut malabsorption syndrome, any gastric, kidney, or liver disease, or if they used any medication
affecting bone metabolism (e.g. glucocorticoids, calcium supplements, vitamin D derivate,
diuretics, and anti-epileptic drugs). All RYGB procedures were performed at the Obesity and
Metabolic Syndrome Center of Hospital Sdo Lucas of Pontificia Universidade Catolica do Rio
Grande do Sul. All procedures entailed the creation of a 30 ml gastric pouch, a 150 cm “Roux
limb” (alimentary limb) and a 50 cm biliopancreatic limb.

Patient clinical history, blood samples, anthropometric measurements (body weight,
height, abdominal and hip circumference), dietary intake (obtained through 24-h recall) and dual-
emission X-ray absorptiometry (DXA) were collected before and one year following the RYGB
procedure. Nutrient analysis of the 24-h recall were performed using the food analysis software
Dietwin® Professional 2.0 (Brubins and Dataweb Tecnologia, Porto Alegre, Brazil). The percent
of excess weight loss was calculated using the following formula (Deitel and Greenstein 2003):
percent excess weight loss = [(operative weight — follow-up weight)/operative excess weight] x
100, where: excess weight = actual weight - ideal weight.

Bone mass density, was measured using DXA (Hologic QDR-4500 Acclaim, Boston,
MA) at the lumbar spine (L1-L4), the total femur and the femoral neck in all subjects. Low bone
density was defined as a Z-score lower than —2.0 for premenopausal women, and a T-score lower
than —1.0 for postmenopausal women, at any of the sites of bone mineral density studied (Baim,
Binkley et al. 2008).

Insulin and PTH were measured by the chemiluminescence method (Advia Centaur,
Bayer Corporation, Tarrytown, NY). Serum and urinary calcium, alkaline phosphatase, liver
enzymes, fasting plasma glucose, creatinine and albumin were measured by the dry chemical
system (Fusion FS 5.1, Johnson & Johnson, Buckinghamshire, United Kingdom). Serum
thyroxin (T4), thyrotropin (TSH), and 17B-estradiol were measured using a chemiluminescence
immunoassay (Vitros ECi Immunodiagnostic System, Ortho-Clinical Diagnostics, Rochester,
NY). Insulin resistance was assessed by the HOMA-IR (homeostasis model assessment of
insulin resistance) in individuals who were not on hypoglycemic agents or insulin, as described
using the formula: HOMAL-IR = fasting plasma insulin (uU/ml) x fasting plasma glucose

(mM/22.5) (Matthews, Hosker et al. 1985). Serum 25-hydroxyvitamin D levels were determined
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by radioimmunoassay, based on an antibody with specificity for 25-OH-D (DiaSorin, Stillwater,
MN). Serum collagen-type | N-telopeptide (NTX-s) was measured by means of the enzyme-
linked immunosorbent assay (ELISA), using the Osteomark NTx® serum test (Whampole
Laboratories Inc., Princeton, NJ). The manufacturer's recommendation of reference values for
women ranges from 6.2 to 19.0 nM bone collagen equivalents (hM BCE). Some tests were used

only as criterion for exclusion and were not included in the results.

Statistical Analysis

Data are expressed as counts and relative frequencies, means and standard deviations or
medians and interquartile ranges (P25-75), where appropriate. Fisher’s exact test was used to
compare categorical variables; the paired t-test was used to compare pre- and postoperative
outcomes of continuous variables. P values below 0.05 were considered statistically significant;
all tests were performed two-sided. All analyses were performed using SAS Enterprise Guide 4.2
(SAS Institute, Inc., Cary, NC, USA).

Results

Initially, 33 patients were included in this prospective study, but only 22 patients (67%)
completed the 1-year follow up examinations. Patients dropped out of the study for the following
reasons: 6 patients missed follow-up appointments, 4 patients refused the DXA and bone marker
measurements at the 1-year follow-up, and one woman died from a pulmonary embolism. To
evaluate the significance of the attrition rate (33% of our patients), we compared the initial
clinical data of the 11 patients who dropped out of our study to the inicial clinical data of the 22
patients who remained in our study. The clinical characteristics (age, BMI, blood pressure levels)
and laboratory test results (fasting plasma glucose, HOMA-IR, lipid levels) were similar
(p<0.05) between the groups.

The mean preoperative age of the 22 women was 37.2 + 9.9 years, most were Caucasian
(n=19; 86%), and premenopausal (n=17; 77.2%). The mean BMI was 44.4 + 5.0 Kg/m? prior to
RYGB surgery and 27.5 + 4.5 Kg/m?at the 1-year follow-up (p<0.001). The mean percent excess
weight loss was 89.2 + 18.1 %. The general clinical characteristics of the subjects studied before

and after the procedure are summarized in Table 1.
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The mean serum albumin level remained unchanged over the first year. Fasting plasma
glucose and HOMA-IR decreased significantly in the same period of observation.

Differences in the nutritional composition of the pre- and postoperative period are
presented in Table 2. Overall, we observe a significant decrease in total energy intake from 3,197
to 1,257 kilocalories (p< 0.001). Reported carbohydrates, lipids, phosphorus, and calcium intake
decreased at the 1-year follow-up period, while cholecalciferol intake remained unchanged over
time. Although, the total amount of protein intake in grams decreased from 141.1 to 68.1 (p<
0.001), protein as a percentage of total diet increased from 18.7 to 22.4% (p<0.050).

Preoperative and 1-year follow-up summaries of bone serum and urine markers are
provided in Table 3. No differences were detected in the group’s 25-OH-vitamin D, alkaline
phosphatase, serum calcium or 24-hour urinary calcium levels. Increases in NTX-s levels reflect
evidence of bone resorption (P<0.001).

The BMD, measured with the DXA method, significantly decreased after the RYGB
surgery (lumbar spine 1.13 + 0.11 vs. 1.04 = 0.09 g/cm?, p<0.001; femoral neck: 1.03 + 0.15 vs.
0.94 £ 0.16 g/cm?, p=0.001; total femur: 1.07 £ 0.11 vs. 0.97 £ 0.15 g/cm?, p=0.003), as
reflected in Figure 1. One year following RYGB surgery, the mean percentage of bone mineral
loss was 7.26% (p<0.001) in the lumbar spine, 8.59% (p= 0.001) in the total femur and 8.78%
(p=0.003) in the femoral neck.

Discussion

In this study, we simultaneously compare bone mineral density, bone resorption markers,
nutritional components, and metabolic markers prior to and following RYGB surgery. We
provide compelling evidence that bone mineral density compared to the preoperative period
decreased after the 1-year follow-up in all evaluated bone segments. The decrease in BMD was
accompanied by a decrease in bone serum resorption markers and low vitamin D levels,
indicating increased turnover, and overall resorption, of bone substance. However, the lower
energy intake, weight loss and metabolic improvements attained were beneficial for the patients.

Bone mass density in the lumbar spine, femoral neck, and total femur decreased by an
average of 8.2% a year following bariatric surgery. Our findings are in accordance with a recent
study performed by Vilarrasa et al. that monitored 59 patients before and after RYGB surgery.

They report a decrease of BMD in the femoral neck of about 10%, but only a 3% decrease of
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BMD in the column one year after RYGB surgery (Vilarrasa, Gomez et al. 2009). In addition,
Fleisher et al. support the decrease in BMD in the femoral neck (9.2%) and the total hip (8.0%),
but similarly do not confirm the decrease of BMD in the lumbar spine one year after RYGB
surgery (Fleischer, Stein et al. 2008). A potential explanation for why they were unable to detect
a decrease of BMD in the lumbar spine might be associated with the DXA instrument. DXA may
be unable to accurately measure changes in adipose tissue density and distribution following
bariatric surgery, as previously described by Tothill et al. (Tothill 2005).

To adequately evaluate bone metabolism after surgery, it is crucial to measure BMD, the
specific bone serum markers, vitamin D levels, and also calcium and phosphorus intake. We
found that NTX-s and PTH levels were increased one year following RYGB surgery compared
to preoperative measurements. The high level of NTX-s, a very specific marker for bone
resorption, indicates bone mineral loss (Eastell, Mallinak et al. 2000; Yoshimura, Muraki et al.
2011). This loss may either be caused by low calcium and phosphorus intake or absorption
(Singhellakis, Malandrinou et al. 2011) or inadequate bone metabolism (Flores, Osaba et al.
2010; Williams 2011). We believe the combination of both factors is responsible for bone
mineral loss in RYGB patients. Other studies used NTX-u (NTX measured in the urine) instead
of NTX-s to show increased bone resorption (Fleischer, Stein et al. 2008; Nogues, Goday et al.
2010; Sinha, Shieh et al. 2011), but serum-based markers of bone turnover (NTX-s) tend to show
less variability compared to the urine-based markers (NTX-u) (Eastell, Mallinak et al. 2000).
Further, Eastell et al. showed that NTX-s can be a good marker for the monitoring of bone
resorption (Eastell, Mallinak et al. 2000).

As we previously reported, most of our patients had a deficiency of serum vitamin D
levels in the preoperative period (Casagrande, Repetto et al. 2010), which were lower than the
initial vitamin D levels recorded in other research (Fleischer, Stein et al. 2008; Gemmel, Santry
et al. 2009; Vilarrasa, Gomez et al. 2009). In the post-operative period, the vitamin D levels of
our patients increased by 50% through the use of a multivitamin supplement and regular doses of
cholecalciferol. However, these levels were still lower than those observed in the postoperative
period of the previously mentioned studies (Fleischer, Stein et al. 2008; Vilarrasa, Gomez et al.
2009). We suspect a few reasons account for the lower vitamin D levels found in our patients.
First, characteristics of patients vary from study to study, and different serum vitamin D levels

vary across differing age groups, genders, body fat distributions, and smoking habits (Lee,
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O'Keefe et al. 2008). Second, it is known that vitamin D levels are associated with sun exposure,
which is often lower in obese patients due to a lack of outdoor activity (Saraiva, Cendoroglo et
al. 2005; Silva, Camargos et al. 2008). Third, obese patients often suffer from systemic
inflammation, which may interfere with vitamin D metabolism (Wortsman, Matsuoka et al.
2000; Lee, O'Keefe et al. 2008). This research reinforces the importance of strict
supplementation of vitamin D in the postoperative period following RYGB surgery, in doses
well above the recommended daily allowance (Aills, Blankenship et al. 2008) to achieve
beneficial effects on BMD (Jackson, LaCroix et al. 2006).

Additionally, the intake of calcium and phosphorus among our patients following surgery
did significantly decrease below the recommended daily intake (Aills, Blankenship et al. 2008),
and this is another important risk factor in BMD loss (Whitehead and Fleming 2000). Other
studies confirm decreased intake of calcium following RYGB surgery, which can persist up to
eight years after the surgery (Ott, Fanti et al. 1992; Colossi, Casagrande et al. 2008; Duran de
Campos, Dalcanale et al. 2008). In contrast, Fleischer et al. showed that with additional
micronutrient supplementation, an increase of calcium and phosphorus intake can be achieved
(Fleischer, Stein et al. 2008).

We would like to acknowledge the limitations of our study. As with other prospective
studies in bariatric surgery evaluating BMD, the sample size of our study is limited. The primary
limitation to patient participation relates to the fact that DXA equipment is often unable to
measure patients exceeding a weight of 150 kg. Furthermore, we experienced a high post-surgery
attrition rate, which is similar to other obesity studies (Karlsson, Taft et al. 2003; Garb, Welch et
al. 2009). Moreover, a high prevalence of vitamin D deficiency was observed in the preoperative
evaluation, which could account, at least in part, for the bone mineral density reduction observed
in our bariatric surgery patients. However, the clinical characteristics and lab results of both
groups were similar, which reinforces our belief that our findings were not skewed by patient

attrition.

Conclusion
Our study provides preliminary evidence that women with class Il and Ill obesity may

have early increases in bone resorption and bone mineral density loss one year following RYGB



42

surgery. Calcium malabsorption caused by vitamin D deficiency and increased bone resorption

are partially responsible for these outcomes, and thus, should be measured in future clinical trials

involving larger number of patients submitted to bariatric surgery. We suggest that routine

follow-up measurements should be performed to monitor changes in patient bone metabolism

and bone mineral density over time.
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Tables and Figure:

Table 1. Clinical and metabolic characteristics of the subjects studied. (n=22)

Characteristic Preoperative 1-year follow-up p-value
Weight (kg) 114.0+12.38 70.7£11.2 <0.001
BMI (kg/m?) 444 +50 275+ 45 <0.001
Waist circumference (cm) 122.7+9.5 88.7+9.0 <0.001
Hip (cm) 133.4 +8.4 103.6 +8.3 <0.001
Serum albumin (g/dL) 42+0.3 41+0.3 0.155
Fasting plasma glucose (mg/dL) 93.6+8.8 78.1+£6.9 <0.001
HOMA-IR 5.6+29 1.3+£0.6 <0.001

Results are expressed as mean = SD. BMI: body-mass index; HOMA-IR: homeostasis model
assessment insulin resistant. The value of P is the minimum level of significance of the paired

t-test for the comparison between pre vs. post-operative Roux-en-Y gastric bypass.
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Table 2. Nutritional composition of the diet (n=22)

Variable Preoperative 1-year follow-up p-value
Total energy value (kcal) 3,197 + 1340 1,257 £ 290 <0.001
Protein (g) 141.1 + 48.7 68.1 + 20.3 <0.001
Protein (%) 18.7+4.4 224 +6.8 <0.050
Carbohydrate (g) 388.8+178.8 140.6 £ 45.6 <0.001
Carbohydrate (%) 482+ 7.8 444 +75 0.160
Lipid (g) 119.7 +57.4 46.9 +18.0 <0.001
Lipid (%) 33.1+6.1 33.2+86 0.962
Cholecalciferol (mcg) 1.9 (1.2-2.4) 2.1(1.3-3.2) 0.871
Phosphorus (mg) 1717.0 £ 662.0 917.0 £ 255.0 <0.001
Calcium (mg) 857.0 (608.0-1,471.0) 500.0 (402.0-656.0) <0.001

Results are expressed as mean = SD or median (P 25-75). The value of P is the minimum
level of significance of the paired t-test for the comparison between pre vs. post-operative
Roux-en-Y gastric bypass.
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Table 3. Characterization of the subjects studied according to their bone metabolism.

Variable Preoperative 1-year follow-up p-value
Serum calcium (mg/dL) 9.3+05 920+ 0.4 0.418

24-hour urinary calcium (mg/24 h) 167.0 (83.7-279.2)  156.0 (115.7-227.5)  0.395

25-OH-vitamin D (pg/dL) 11.7 (9.7-18.0) 15.7 (10.3-23.7) 0.327
Alkaline phosphatase (U/L) 96.7 +46.3 78.9 £ 24.7 0.113
PTH (pg/mL) 455+ 16.8 62.7 +28.9 0.026
NTX-s ("M BCE) 16.4 3.5 382+7.1 < 0.001

Results are expressed as mean + SD or median (P 25-75). iPTH: parathyroid hormone. NTX-
s: serum collagen-type | N-telopeptide. nM BCE: nM bone collagen equivalents. BMD: bone
mineral density. The value of P is the minimum level of significance of the paired t-test for

the comparison between pre vs. post-operative Roux-en-Y gastric bypass.
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Figure 1: Comparison of the bone mineral density in the lumbar spine, femoral neck and total
femur preoperative versus the 1-year follow up. The measurement of the bone mineral density
(BMD) was performed by dual energy X-ray absorptiometry. The value of P is the minimum level
of significance of the paired t-test for the comparison between pre vs. post-operative Roux-en-Y
gastric bypass.
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Abstract

We conducted a systematic review of observational studies to evaluate the association of
bariatric surgery with the risk of cancer in postoperative patients. Data sources were Medline,
Embase and Cochrane Library. From 951 references, 13 studies met the inclusion criteria
(54,257 participants). We employed a meta-analysis to assess the risk of developing cancer
following bariatric surgery by comparing the surgery groups vs. control groups of controlled
studies and also described the incidence of cancer in the surgery groups within both controlled
and uncontrolled studies. In controlled studies, bariatric surgery was associated with a reduction
in the risk of cancer (OR 0.42; 95% confidence interval 0.24, 0.73; 1>=93.3%:; P for heterogeneity
<0.001). Cancer incidence density rate was 1.06 cases per 1000 person-years (95% confidence
interval 0.64, 1.75; 1°=96.0%; P for heterogeneity < 0.001) within the surgery groups. The results
of our sensitivity analysis of age and gender yield no differences. In the meta-regression, we
found an inverse relationship between baseline body mass index and cancer incidence after the
surgery (beta coefficient -0.233, P< 0.05). Bariatric surgery is associated with reduced cancer
risk in severely obese individuals. However, considering the heterogeneity among the studies,

conclusions should be drawn with care.

Keywords

Cancer, morbid obesity, bariatric surgery, gastric bypass, obesity

Introduction
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Data from the National Health and Nutrition Examination Survey (NHANES) reviews
that the prevalence of obesity in adults is increasing every year in the United States (1), as well
as worldwide (2). Severe obesity shortens life expectancy, is a significant cause of morbidity,
and mortality, and raises healthcare expenditures in North America (1). In addition, obesity and
weight gain increase the risk for several diseases, including cancer (3), and can lead to poor
treatment outcomes, and increased cancer-related mortality (4, 5). The association between
obesity and cancer risk involves metabolic and endocrine effects of obesity that induce the
production of peptide and steroid hormones (6).

The treatment of obesity includes lifestyle changes (nutritional education, behavioral
counseling, physical activity), pharmacological agents and, in severe obesity, bariatric surgery
(7, 8). Bariatric surgery has been shown to produce significant long-term weight loss (9) and
reduction of mortality rates (10) for patients with severe obesity. Although obesity is clearly
linked to the development of cancer, to the best of our knowledge, it remains unclear whether
weight loss obtained through bariatric surgery influences cancer incidence. It is also unknown if
a relationship exists between body mass index (BMI) before surgery and cancer risk in the
postoperative period. Previous studies have suggested that there is a relationship between
bariatric surgery and reduced cancer risk (11, 12). A retrospective study, authored by McCawley
et al.(11), that analyzed 1482 women who underwent bariatric surgery found breast and
endometrial cancers as the most common types of cancer in these women, and suggested that
bariatric surgery may have decreased the development of cancer in this population. However, it
is unknown whether the lower cancer rates following bariatric surgery were related to the
metabolic changes associated with weight loss, or if lower BMIs following surgery would result

in earlier diagnosis and improved cancer treatment outcomes (13).

Accordingly, in order to summarize the relationship between postoperative weight loss
and its potential association with cancer, we conducted a systematic review with meta-analysis

focused on the incidence of cancer in patients following bariatric surgery.

Methods

Protocol and Registration

This systematic review is reported in accordance with the meta-analysis of observational
studies in epidemiology (MOOSE) guidelines (14).
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Eligibility Criteria
Studies were selected if they included both a cancer diagnosis following bariatric

surgery as well as the following eligibility criteria: patients > 18 years of age who were measured
with a BMI > 35 kg/m?. We tabulated all cancer cases as well as the adequacy of controls related
to our eligibility criteria. Exclusion criteria for studies included patients who were diagnosed
with cancer in the pre or perioperative periods.

Information Sources

We searched the following electronic databases covering their initial periods up to June
2013: MEDLINE (accessed by PubMed), EMBASE and Cochrane Central Register of

Controlled Trials. We did not use limits for dates or language when conducting the search.

Search Strategy

We searched the terms abdominal fat / obesity, morbid / obesity / obesity, abdominal /
adiposity / weight gain / intra-abdominal fat / overnutrition / bariatric surgery / bariatrics /
gastroplasty / gastric balloon / gastric bypass / anastomosis, Roux-en-Y / biliopancreatic
diversion / jejunoileal bypass / bariatric medicine / gastric banding / laparoscopic adjustable
gastric banding / cancer and related terms. We used the search strategy that PubMed employed to
create its cancer subset (see Appendix: Pubmed search strategy).

Study selection

Two reviewers (D.S.C. and R.A.S.) independently analyzed the titles and abstracts
retrieved from the literature search. All articles that failed to meet the inclusion criteria were
excluded. All selected articles were analyzed, and eligible articles were identified.
Disagreements between reviewers were resolved by a third reviewer’s opinion (B.D.S).

Data extraction and quality assessment

Two reviewers (D.S.C. and R.A.S.) independently extracted data from each study.
Extracted data were: year of publication, authors, geographic location of the first author, study
design, the type of bariatric procedure, sample size, participant characteristics, cancer incidence,
type of cancer, post surgical analysis when cancer was diagnosed, incidence of diabetes, and
deaths related to cancer. A third reviewer (B.D.S.) assessed all studies for completeness of

criteria.
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To avoid double counting patients who were included in multiple reports authored by the
same individuals or working groups, patient recruitment periods were assessed and, if necessary,
authors were contacted to provide clarity. Authors were also contacted to obtain important
additional data that were omitted from their publications.

The Newcastle-Ottawa Scale was adapted for our study, and it was used independently by

two reviewers (D.S.C. and R.A.S.) to assess the quality of the studies (15).

Data synthesis and analysis
A pooled odds ratio (OR) was calculated to assess the association between cancer and
bariatric surgery in the controlled studies. The meta-analyses were carried out using the random

effects model, because significant heterogeneity was found among the studies.

We also used the surgery group from the controlled and uncontrolled studies to estimate
the incidence density rate of cancer following bariatric surgery. To estimate this incidence
density rate, we multiplied the total sample size by the follow-up period to calculate the
denominator. We made logit transformations to address the asymmetrical distribution. The logit
model was weighted by the inverse of the logit’s variance. Also, we explored heterogeneity
between studies by removing each study from the analysis to check if any particular study drove
heterogeneity. Moreover, predefined subgroup analyses were performed according to age
(dichotomized in two groups, < 45.0 and > 45.1 years old), and gender (dichotomized in two
groups, < 79.9 and > 80.0 % of women), to assess if these variables were potential sources of
heterogeneity. Furthermore, meta-regression analyses were performed to investigate other
potential sources of heterogeneity. The variables used in this analysis were BMI and the time

frame for a follow up examination when cancer was diagnosed.

In meta-analyses, the Cochran y? and the I? tests were used to evaluate heterogeneity
among studies. A p value below 0.05 was considered significant in the Cochran test (16). In the
I? test, values below 25% reflected low heterogeneity, values between 25% and 50% reflected

moderate heterogeneity, and values exceeding 50% reflected high heterogeneity (17).

The statistical analyses were performed with Stata 11.0 software (Stata Corp, College
Station, TX), and the second version of the Comprehensive Meta-analysis ™ software for the

incidence meta-analysis.
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Results

Overall, 951 studies were initially identified, from which 49 duplicates were excluded.
After initial title and abstract screening, 774 citations were excluded, leaving 128 articles for
retrieval. Full text assessment of these articles resulted in 20 eligible studies (9, 13, 18-31). In
cases where results for the same population were reported more than once, we selected the most
recent results, thus excluding seven additional articles (9, 13, 24, 26, 31-33). Among the
retrieved studies, there were no randomized clinical trials. The remaining 13 articles, published
between 1997 and 2011, were separated in two groups: (i) controlled studies (11, 12, 18, 19) and
(i) uncontrolled studies (20-23, 25, 27-30). Three uncontrolled studies were excluded from the
meta-analysis (20, 28, 30) because these articles reported deaths caused by cancer, not providing
incident cancer. The agreement between reviewers was estimated by the Kappa coefficient
(Kappa = 0.835). A flowchart of study search and selection is shown in figure 1.

Studies’ characteristics

Table 1 shows the characteristics of the four selected controlled studies, which included
11,087 patients who underwent bariatric surgery (surgery group) and 20,720 patients who did not
undergo surgery (control group). Two studies were carried out in the United States (11, 18), one
in Canada (19) and one in Sweden (12). The percentage of cancer related mortality was reported

in one study (18), being 0.62% in the surgery group and 1.13% in the control group.

Table 2 shows the characteristics of 9 selected uncontrolled studies, which included
22,450 individuals in the surgery group. Five studies were carried out in the United States (22,
23, 27, 29, 30), two in Sweden (21, 25), one in Australia (20), and one in Switzerland (28). The
percentage of cancer related mortality ranged from 0.26% to 2.65% in four studies (20, 22, 28,
30), and five studies did not report death (21, 23, 25, 27, 29).

Association between cancer risk and bariatric surgery

Controlled studies showed that bariatric surgery was associated with a reduction in the
risk of cancer (figure 2; OR 0.42; 95% confidence interval [CI] 0.24, 0.73; 1°=93.3%; P for
heterogeneity <0.001). In an exploratory attempt to identify the sources of heterogeneity among
these studies, we removed one study (11) which was performed solely with women, though the
results of this study were not different (OR 0.53; confidence interval [CI] 0.32, 0.88; 1°=91.5%;
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P for heterogeneity=0.014). When we removed another study (19), in which the control group
was taken from a hospital population, no heterogeneity was observed and the association
between bariatric surgery and low cancer risk was maintained (OR 0.74; confidence interval [CI]
0.65, 0.85; 1°=0%; P for heterogeneity<0.512).The strategy above displays the high
heterogeneity of the primary meta-analysis. After removing each study that eliminated
heterogeneity, there was no need to perform sensitivity analysis or meta-regression in the

controlled studies.

The cancer incidence density rate was 1.06 cases per 1000 persons-year (confidence
interval [CI] 0.64, 1.75 cases per 1000 persons-year; 1°=96.0%:; P for heterogeneity < 0.001)
measured across 9 studies, utilizing the surgery groups from the controlled and uncontrolled
studies (Figure 3). We know that this estimate is low, as the years subsequent to the follow-up
period for cancer patients should be omitted from the denominator. Therefore, the real
denominator should be lower than the value we used. To assess the impact of this on our results,
we assumed that the cancer patients did not contribute to the denominator (the denominator was
calculated by subtracting the number of cancer cases from the total number of patients, and then
multiplying this difference by the average follow-up period, implying that cancers were
diagnosed at follow-up times equal to zero). Using this denominator, the cancer incidence
density was 1.08 cases per 1,000 persons-year (confidence interval [CI] 0.65, 1.80 cases per
1000 persons-year), and this implies that the real value of incidence is between 1.06 and 1.08
persons-year. We excluded one study (11) in the meta-analysis that did not report data over the

follow up.

No reduction in heterogeneity was observed upon removing each study. Sensitivity
analyses were carried out to explore the heterogeneity. The results did not change when analyzed
by age or gender in either the surgery groups of both the controlled and uncontrolled studies.
Since these analyses resulted in no change in heterogeneity, they were omitted. In an additional
attempt to identify sources of heterogeneity across the studies, we performed a meta-regression
analysis using BMI and the time period to cancer diagnosis as covariates for the surgery group
from both the controlled and uncontrolled studies. We found no difference in the results of meta-

regression that used time to cancer diagnosis as a covariate. However, in the meta-regression
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using the BMI as a covariate, we found a decrease in cancer incidence as BMI increased (beta
coefficient -0.233, P < 0.05).

Quality assessment

Although we achieved a reasonable degree of quality through the inclusion/exclusion
criteria, there was some variation between the quality assessments (15). Based on a sample
selection, three studies received four-star ratings (11, 12, 19), four studies received three-star
ratings (18, 22, 23, 27), three studies received two-star ratings (25, 28, 29) and three studies
received one-star ratings (20, 21, 30). In terms of comparability, three studies received two-star
ratings (12, 18, 19), one study received a one-star rating (11), and 9 uncontrolled studies received
no stars. This variation was due to differences in accounting for confounding factors. For the
quality of studies’ assessment, six studies received two-star ratings (20, 22, 23, 27, 29, 30), and
seven studies received three-star ratings (11, 12, 18, 19, 21, 25, 28). In total, four studies
received high quality ratings of seven to nine stars (11, 12, 18, 19), five studies received medium
quality rates of five to six stars (22, 23, 25, 27, 28), and four studies received low quality ratings
of four stars or below (20, 21, 29, 30) (Table 3).

Discussion

This systematic review demonstrates that in severely obese patients bariatric surgery is
associated with a reduction in the incidence of cancer. Importantly, this effect of bariatric surgery
was found within both controlled and uncontrolled studies. Of the 13 studies included in our
analyses, four controlled studies showed a significant reduction in the risk of cancer, with ORs
ranging from 0.12 to 0.88. Data from the surgery group from controlled and uncontrolled studies
displayed a cancer incidence density rate of 1.06 cases per 1000 person-years in a follow up

period of 2 to 23 years.

Cancer rates in obese people are generally higher, as displayed in a study (34) of an
Austrian population (5.43 cases per 1000 person-years) and in a study (35) of a Swedish
population (5.8 cases per 1000 person-years), as well as in a systematic review and meta-analysis
(36) of data from a global population (2.12 cases per 1000 person-years). Therefore, the cancer

incidence density rate of 1.06 cases per 1000 person-years obtained in the present meta-analysis
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displays that severely obese individuals undergoing bariatric surgery may reduce their risk for

cancer, with incidence density rates similar to those found in non-obese people (36).

Reducing weight likely reduces high cancer rates associated with obesity (37, 38), but the
method employed to achieve target weight can change this perspective. For example, trials that
used specific pharmacological interventions (39, 40) achieved weight reduction, but
mortality/cardiovascular outcomes were increased, revealing the need for treatments that obtain
both goals: weight loss and lower mortality rates. Moreover, no cancer incidence reduction was
showed in population-wide weight reduction induced by imposed dietary restrictions in non-

severely obese people (41).

Data from three cohorts showed that intentional (non-surgical) weight loss is associated
with lower cancer rates (38), but it is likely that multiple methods were used to achieve targeted
weight loss in this study, so it is difficult to draw precise conclusions about the most efficacious
non-surgical method. Our results show that reducing body weight through bariatric surgery is
associated with reduced cancer rates, though we could not found mortality data specifically
linked to cancer. This is supported by Birks” meta-analysis of studies that showed an association
between lower cancer rates and people who intentionally lost weight through bariatric surgery
(38). Moreover, when examining the relationship between bariatric surgery and cancer rates, it is

challenging to separate the effects of the surgery from the multiple associated changes it yields.

It is important to consider that bariatric surgery is more frequently performed on young
subjects (42), while cancer is more frequently observed in aged people (43). Moreover, the long
lead-time for the appearance of cancer cases is too long to expect sufficient numbers of studies to
be available at present. However, obesity is a risk factor for cancer development, and it likely
precedes the diagnosis of several cases (34). Performing a surgical procedure of the magnitude of

bariatric surgery raises the awareness and possible diagnosis of cancer among these patients (12)

It remains unknown whether metabolic changes related to weight loss result in lower
rates of cancer development. It is also unknown if a lower BMI simply allows for better
assessment and treatment, or if it actually related to lower cancer incidence. These data are
supported by well-known pathophysiological disturbances of obesity, such as chronic

inflammation (44) and hormonal changes (6). Pro-inflammatory cytokines act on tissues and
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cells, resulting in cancer development through direct and indirect effects on innate and adaptive
immune cells, imbalances in tissue homeostasis and increased oxidative stress (45). People with
obesity have increased estrogen levels, due to the conversion of circulating androgens by
increased aromatase activity in peripheral adipocytes; increased adrenal and ovarian secretion of
hormones, and decreased progesterone production due to decreased ovulation (6). In addition,
increased insulin levels cause the inhibition of sex hormone-binding globulin synthesis by the
liver, increasing free steroid hormone levels. Overall, the increased unopposed estrogen can
promote cancer in hormonally responsive tissues (6, 46). Therefore, there is an established
mechanistic association between inflammation and hormonal imbalance brought on obesity and
cancer (47). Reversal of these inflammatory and hormonal disturbances can be expected with the
weight loss from bariatric surgery, as decreases in both oxidative stress and systemic
inflammatory markers were reported (48), and there is consistent evidence that the incidence of
cancer is reduced (38, 49). Beyond obesity risk, the excess of visceral adiposity, type 2 diabetes,
insulin resistance, chronic inflammation and metabolic syndrome are all associated with cancer,

independent of body size (50).

A strength of our systematic review is its inclusion of uncontrolled studies, adding
information to the research provided by Birks et al (38). Traditionally, controlled studies are
viewed as providing higher quality evidence than uncontrolled studies. However, the controls for
bariatric patients are likely imperfect, as it is difficult to find appropriate matches of their clinical
conditions. Thus, patients undergoing bariatric surgery may comprise a medically fitter
population as compared to those who did not undergo surgery.

A variety of strategies explored the high heterogeneity levels observed in our meta-
analyses, investigating potential sources of variation among the studies. In the controlled studies,
heterogeneity was accounted for by removing the McCawley et al. (11) study, which excluded
men, and also by removing of the Christou et al. (19) study, which used a hospital population as
its control group. Upon removing these two studies from the meta-analysis, no heterogeneity was
observed (1>=0%). Although the specific population characteristics of these studies accounted for
high heterogeneity, these two studies were strictly inside the previously determined inclusion

criteria, and thus they were included in the primary meta-analysis.
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In the surgery group from the controlled and uncontrolled studies, we observed no
reduction in heterogeneity upon removing each study or in performing sensitivity analysis.
Further, the meta-regression analysis showed a decrease in cancer incidence when high baseline
BMI values were present. This is in accordance to the results of Renehan et al. (36), as their
meta-analysis displayed an increased risk of cancer with increased BMI. We would anticipate a
larger magnitude of intervention effects in populations with higher baseline derangements (51,
52). Finally, the high levels of heterogeneity observed may be due to different study designs,
differences in the populations studied, or differences in a variety of other characteristics (e.g.,
genetic background, varied bariatric procedures) across studies. Indeed, it is likely that one or
more of these factors that were beyond our control account for a portion of the heterogeneity

observed among studies.
Limitations

Limitations are present in this study. In the absence of randomized controlled trials, we
dealt with distinct data that expressed cancer incidence and death registries. As is inherent in
observational studies, data from registries can be biased, so the information compiled in this
meta-analysis may also have a bias. Therefore, our derived estimates may potentially influence
our results. Although such bias would impact both surgical and non-surgical samples, the control
groups were carefully selected in two studies (12, 18). Due to observational designs, the surgery
group may have been healthier than the patients who were not offered surgery and were used as
controls. In addition, the generalization of our findings is somewhat hampered by the
geographical origin of our included studies, as they were primarily performed in the United

States and Europe.

Among the limitations of the literature in bariatric surgery and cancer, we could not
explore the potential effects of different bariatric procedures, which promote distinct action
mechanisms on various target populations. Likewise, we were unable to obtain BMI and weight
data at cancer diagnosis in the studies included in our review. Risk factors for cancer such as
family history, smoking, gender, physical inactivity, alcoholism and malnutrition were also
unavailable. In conjunction with the surgery outcomes, we underscore that pre and post-surgery
dietary patterns could contribute to our analyses. Moreover, the number of cancer cases were too

low to allow analyses by organ or type, especially those cancers related to obesity and smoking.
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Finally, the follow-up after bariatric surgery is often poor and that patients may not disclose a

cancer diagnosis during follow-up.
Conclusion

Bariatric surgery is associated with reduced cancer risk in morbidly obese people.
Considering the heterogeneity among the studies and the other limitations cited above,
conclusions should be drawn with care. We suggest that variables associated with cancer be
measured in prospective bariatric surgery trials, and that cancer rates are assessed as a primary

outcome
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Table 1 - Characteristics of cancer incidence related to bariatric surgery in the controlled studies

Surgery group Control Group
Surgery
L follow-up
Bariatric Total when Age BMI no. % Cancer Cancer Age BMI no. % Cancer  Cancer
Study Follow-up cancer was ' (years) Women cancer type death no. (years) Women cancer DM type death
Procedure (months) . (Kg/m?) DM (Kg/m?)
diagnosed (%) (%)
(months)
Adams RYGB 276 147.6 6596 38.9 44.9 86.0 254 NA 1,2,3,4,5, 41 9442 39.1 474 83 477 NA 1,2,3,4,5 107
2009 (® (103) (7.6) 6,7,8,9, 10, (10.7) (6.5) 6,7,8,09,
12,13, 14, 10,12, 13,
16, 17, 18, 14, 16, 17,
19, 20, 21, 18, 19, 20,
22,23, 24, 21,22, 23,
25, 26, 28 24, 25, 26,
28
Christou RYGB/ 197 NA 1035 451 >40.0 65.6 21 NA 5/8,12,14, NA 5746 46.7 >40.0 64 487 NA NA NA
2008 19 VBG (11.6) 17,21, 24, (13.1)
25
McCawley RYGB/ NA 50.4 1446 417  >40.0 100.0 17 225 1,5,/12,13, NA 3495 469 >40.0 100 203 NA NA NA
2009 @ AGB /VBG 14, 16, 17,
(18-69)* 30
Sjostrom RYGB/ 130 NA 2010 47.2 41.7° 70.6 117 74 3568912, NA 2037 487 40.9° 71 169 6.1 3,56,8912, NA
2009 2 AGB / VBG (5.9) 14,15,16,17, (6.3) 14,15,16,17,
19,20,21,28, 19,20,21,28,
29 29

Results are expressed as mean + SD or median (P 25-75); NA — data is not available; no. — number of participants; no. cancer - number of participants with cancer; % Women — percentage of
women; %DM — percentage of participants with diabetes mellitus; RYGB — Roux-en-Y gastric bypass; VBG - vertical banded gastroplasty; AGB — adjustable gastric banding

& mean (min-max)

Pyweighted mean

Cancer type: 1.Head and neck cancer (oral cavity, pharynx, larynx); 2.Esophagus; 3.Stomach; 4.Small intestine; 5.Colorectal; 6.Liver; 7.Galbladder; 8.Pancreas; 9.Trachea, lung and bronchus;
10.Soft tissue (sarcomas); 11.Heart; 12.Melanoma; 13.Skin non-melanoma; 14.Breast; 15.Cervix; 16.0vary; 17.Endometrial (uterine corpus); 18.Vulva and vagina; 19.Prostate; 20.Urinary Bladder;
21.Kidney and pelvis; 22.Brain; 23.Thyroid; 24.Lymphoma; 25.Myeloma; 26,Leucemia; 27.Throphoblastic disease; 28.0Other; 29. Hematopoietic; 30. Unknown Primary; 31. Obesity related and all
cancer; 32. Carcinoma
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Surgery group
Surgery
Total follow-up
Bariatric when cancer Age BMI Cancer Cancer
Study Follow-up no. 2 Women no. cancer % DM
Procedure was (years) (Kg/m?) type death
(months) . (%)
diagnosed
(months)
Clou?h RYGB 255 NA 113 63.6 42.2 56.6 NA 36.4 NA 3
20110 (60-73)° (NA)
Forsell & AGB 48.0 24 50 41 46.0 70.0 1 NA 22 NA
Hellers (19-60)*  (33-59)*
1997 @V
Gagne RYGB/ 102.0 26 1524 NA NA NA 16 NA 4,5,8,12, 4
2009 ¥ Laparoscopic 14, 17, 20,
conversion of 21, 22, 24,
VBG to RYGB 26
Gusenoff NA 180.0 NA 2878 NA NA NA 13 NA 14 NA
2009 @
Ostlund RYGB/AGB/ 108.0 1>120 13123 NA NA 77.0 296 NA 31 NA
2010 @ VBG
Srikanth RYGB/AGB/ 132.0 27 2287 43.4 49.4 NA 5 NA 21 NA
2005 @ VBG (29-52)*  (43-60)
Steffen RYGB/ AGB 84.0 NA 404 42.7(10) 42.6 (4) 77.0 NA 14.2 32 2
2009 @8
Suge[m)an RYGB 216.0 36 and 156 1976 440 (10) 61.0(12) 83.4 2 14.7 5,24 NA
2001
Sultan RYGB 60.0 NA 95 49.3 46.3 (7) 52.0 NA 100.0 NA 2
2010 €0 (21-68)?

Results are expressed as mean = SD or median (P 25-75); NA — data is not available; no. — number of participants; no. cancer - number of participants with cancer; %DM —
percentage of participants with diabetes mellitus; VBG - vertical banded gastroplasty; AGB — adjustable gastric banding; JIB — bypass jejuno-ileal; RP - restrictive procedures;
#mean (min-max)
Cancer type: 1.Head and neck cancer (oral cavity, pharynx, larynx); 2.Esophagus; 3.Stomach; 4.Small intestine; 5.Colorectal; 6.Liver; 7.Galbladder; 8.Pancreas; 9.Trachea, lung
and bronchus; 10.Soft tissue (sarcomas); 11.Heart; 12.Melanoma; 13.Skin non-melanoma; 14.Breast; 15.Cervix; 16.0vary; 17.Endometrial (uterine corpus); 18.Vulva and vagina;
19.Prostate; 20.Urinary Bladder; 21.Kidney and pelvis; 22.Brain; 23.Thyroid; 24.Lymphoma; 25.Myeloma; 26,Leucemia; 27.Throphablastic disease; 28.0ther; 29. Hematopoietic;
30. Unknown Primary; 31. Obesity related and all cancer; 32. Carcinoma




Table 3— Quality assessment of the studies

Newcastle — Ottawa Scale

Study (setting)

Selection
(max. 4%)

Comparability Assessment
(max. 2*) (max. 3*)

Total stars

Adams 2009 @®
Christou 2008 @9
McCawley 2009 @
Sjostrom 2009 2
Clough 20119
Forsell & Hellers 1997 Y
Gagne 2009 ??
Gusenoff 2009 @
Ostlund 2010 @
Srikanth 2005 @
Steffen 2009 @®
Sugerman 2001 @
Sultan 2010 €9

*k*k

*kk*k

*kk*k

**kk*k

*

*

*kk

*k*k

*kk

**

**%

*

**

**%

**k*

*k*k

*kk

**k*

**%

**k%*

*%

**

**k%*

**k%*

*%

**

H OO O OO A WO 0O o

3

Stars (*) were awarded for selection, comparability and assessment according to adapt to Newcastle-Otawa criteria (15)
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Figurel. Flowchart shows a literature search for studies attempting to identify an association
of cancer with bariatric surgery

.§ Total of 898 records:
S PubMed: 796 records
= EMBASE: 75 records
é Cochrane: 27 records
731 records excluded based on
review of title and/or abstract:
] Non observational studies - 261
857 records after duplicates were | g1  Non eligible interventions - 115
removed Non cancer - 301
2 Non eligible age - 24
g, l Cancer history before surgery - 30
3
126 records were screened and 108 full-text articles excluded:
the full-text articles were assessed | > Non observational studies - 49
for eligibility Non eligible interventions - 6
Non eligible age - 3
l Cancer history before surgery - 51
b
% 18 full-text articles were included f——
i 5 full-text articles were excluded
due to duplicate reporting.

13 studies were included in the final
qualitative and quantitative syntheses
(meta-analysis).

Included
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Figure 2. Association between cancer risk and bariatric surgery in controlled studies

Stady Evemts, Fvests, %
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Adams 2009 @1 - 0.75 (064, 0.88) 254/6596 4771942 2704
Cluistou 2008 &2 —— I 022{014, 035] 211035 48757146 2307
McCawley 2009 (8 — 0.19{012, 032) 171446 203495 2290
Sjostrom 2009 03 —a— 068 (054, 0.87) 11772010 1692037 2629

mnm=mp<m)‘

0.40{0.23, 0.72) 40511087

1130720720 100.00




Figure 3. Studies displaying the incidence density rate of cancer following bariatric surgery
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Adams 2009 21
Christou 20082

Forsell & Hellers 1997 24
Gagne 2009 %
Gusenoff 2009 %
Ostlund 20102
Sjostrom 2009 15
Srikanth 2005 %
Sugerman 2001 32

Statistics for each study Eventrate and 95% CI
Event Lower Upper
rate Emit it
167 148 1,89 .
124 0,81 189 -
5,00 0,70 3461 -
124 0,76 202 -
0,30 017 052 -
251 224 281 .
537 448 644 ..
020 0,08 048
0,06 0,01 022 :
1,06 064 1,75 .

Sfcases 10 cases
peri000 per1000




Appendix: PubMed search strategy

(("Abdominal Fat"[Mesh] OR "Abdominal Obesities"[tw] OR "Abdominal Obesity"[tw]
OR "Central Obesity"[tw] OR "Obesity, Central”[tw] OR "Obesity, Morbid"[Mesh] OR
"Morbid Obesities"[TW] OR "Obesities, Morbid"[TW] OR "Morbid Obesity"[TW]) OR
("Obesity"[Mesh] OR "Obesity, Abdominal”[Mesh] OR "Adiposity”"[Mesh] OR "Weigh
Gain"[Mesh] OR "Intra-Abdominal Fat"[Mesh] OR "Overnutrition"[Mesh])) AND cancer
[sb] AND (("Bariatric Surgeries"[tw] OR "Bariatric surgery"[MeSH Terms] OR
“Bariatrics”[MeSH  Terms] = OR  Gastroplasties[tw] = OR  "Vertical-Banded
Gastroplasty”[tw] OR "Vertical Banded Gastroplasty”[tw] OR "Vertical-Banded
Gastroplasties"[tw] OR “Gastroplasty”’[MeSH Terms] OR "Gastric balloon"[MeSH
Terms] OR "Gastric Balloons"[tw] OR "Gastric Bubble"[tw] OR "Gastric Bubbles"[tw]
OR "Garren-Edwards Gastric Bubble"[tw] OR "Garren Edwards Gastric Bubble"[tw] OR
"Ballobes Balloon"[tw] OR "Gastric Bypass"[MeSH Terms] OR "Bypass, Gastric"[tw]
OR "Roux-en-Y Gastric Bypass"[tw] OR "Gastric Bypass, Roux-en-Y"[tw] OR "Roux en
Y Gastric Bypass"[tw] OR "Greenville Gastric Bypass"[tw] OR "Gastroileal Bypass"[tw]
OR "Gastrojejunostomy”[tw] OR "Gastrojejunostomies”[tw] OR "Anastomosis, Roux-en-
Y"[MeSH Terms] OR "Anastomosis, Roux en Y"[tw] OR "Roux-en-Y Loop"[tw] OR
"Roux en Y Loop"[tw] OR "Roux-en-Y Loops"[tw] OR "Roux-en-Y Anastomosis"[tw]
OR "Roux en Y Anastomosis"[tw] OR "Roux-en-Y Anastomoses”[tw] OR "Roux-en-Y
Diversion"[tw] OR "Roux en Y Diversion"[tw] OR "Roux-en-Y Diversions"[tw] OR
"Biliopancreatic Diversion"[MeSH Terms] OR "Biliopancreatic Diversions"[tw] OR
"Biliopancreatic Bypass"[tw] OR "Bilio-Pancreatic Bypass"[tw] OR "Bilio Pancreatic
Bypass"[tw] OR "Bilio-Pancreatic Diversion"[tw] OR "Bilio Pancreatic Diversion"[tw]
OR "Jejunoileal Bypass'[MeSH Terms] OR "Bypass, Jejunoileal"[tw] OR "Jejunoileal
Bypasses"[tw] OR "Jejuno-lleal Bypass"[tw] OR "Jejuno lleal Bypass"[tw] OR "Jejuno-
lleal Bypasses"[tw] OR "lleojejunal Bypass“[tw] OR "Intestinal Bypass"[tw] OR
"Intestinal Bypasses"[tw] OR “duodenal switch”[tw] OR Bariatric Medicine[Mesh] OR
bariatrics)
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5 CONSIDERACOES FINAIS

Nesta tese foi demonstrado que a cirurgia bariatrica tem como efeito colateral a perda de
massa 6ssea no primeiro ano de pos-operatorio. Por outro lado, individuos que se submeteram a
cirurgia bariatrica tiveram menor incidéncia de cancer no pos-operatorio, mostrando ser esse
procedimento cirurgico um fator de protecdo contra o cancer.

Cumpre ressaltar que, no estudo do metabolismo ésseo, consideramos somente 0 primeiro
ano de cirurgia, durante o qual a perda de peso é mais acelerada, com aumento de marcadores de
remodelacdo Ossea e consequente perda de massa 0ssea. Entretanto, ndo estudamos a perda de
massa 0ssea subsequente, em que ha uma estabilizacdo do peso e, possivelmente, melhora da
absorcdo de nutrientes. O fato é que demonstramos que a remodelacdo Gssea evidenciada no
primeiro ano de pds-operatdrio é importante e deve ser monitorada e devidamente tratada.

Na revisdo sistematica com meta-analise da incidéncia de cancer em pacientes em pos-
operatdrio de cirurgia bariatrica, também pudemos concluir que os individuos com obesidade
classe Il e Il que se submeteram a esse procedimento tiveram beneficios. Entretanto, ndo
conseguimos definir os fatores ou condicdes que protegem mais, assim como o tipo de cancer
que € mais beneficiado. Essas duvidas foram colocadas como uma limitacdo dos estudos
avaliados, demonstrando haver necessidade de mais estudos sobre cancer em individuos em pés-
operatdrio de cirurgia bariatrica.

O acompanhamento a longo prazo de individuos que se submeteram a cirurgia bariatrica,
com a devida publicacdo dos resultados, sera de fundamental importancia para determinar o
diagnostico e o tratamento dos possiveis efeitos colaterais, assim como de igual importancia sera
a realizacdo de estudos para avaliar o impacto da cirurgia bariatrica sobre o cancer, buscando o

melhor equilibrio entre vantagens e desvantagens.
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