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Apresentagdo

APRESENTACAO

Esta tese ¢ um recorte do estudo mais amplo intitulado “Avalia¢do do estado nutricional
de micronutrientes em individuos com obesidade grave submetidos a Gastroplastia Redutora
em Y de Roux”, sob a responsabilidade do Nucleo de Pesquisa em Micronutrientes - NPqM, do
Instituto de Nutrigdo Josué de castro - INJC da Universidade Federal do Rio de Janeiro - UFRJ.
O desenvolvimento deste projeto contou com a parceria do Centro Multidisciplinar de Cirurgia
Bariatrica e Metabdlica, localizado no municipio do Rio de Janeiro — RJ.

Nosso estudo aborda a associacdo entre um conjunto de marcadores do metabolismo
6sseo com alteragdes bioquimicas, clinicas, antropométricas e prova de funcao e lesdo hepatica,
segundo diferentes graus de estadiamento da Doen¢a Hepatica Gordurosa Nao Alcoolica, em
adultos com obesidade classe III, classificados como metabolicamente saudaveis e ndo
saudaveis. Foram avaliados 232 pacientes com diagndstico de Obesidade grave (Classe I1I) e
comorbidades variadas. Desses, 223 individuos foram elegiveis para esse estudo, por atenderem
os critérios de inclusdo do trabalho. O periodo de coleta do estudo, ocorreu de novembro de
2014 a julho de 2016, no Centro Multidisciplinar de Cirurgia Bariatrica e Metabolica.

Este documento esta estruturado nas seguintes segdes: introdugdo, na qual ¢ realizada
abordagem geral sobre a tematica que envolve esta tese; referencial teorico, no qual € tracada
uma estruturagdo conceitual sobre os principais pilares da tese para o entendimento do estudo;
Justificativa, hipoteses; objetivos; métodos; resultados; conclusoes, consideragoes finais;
referéncias bibliograficas, apéndices € anexos.

A secdo de resultados/discussao ¢ composta por trés manuscritos cientificos. O primeiro
artigo foi submetido na revista Diabetes, Metabolic Syndrome and Obesity: Targets and
Therapy e intitulado ‘Clinic, Anthropometric and Metabolic Changes in Adults With Class 111
Obesity Classified as Metabolically Heathy and Metabolically Unhealthy’. O segundo artigo
foi submetido na revista Nutrients e intitula-se ‘Does the Metabolically Healthy Obese
Phenotype protect adults with class III obesity from biochemical alterations related to bone
metabolism?’. O terceiro manuscrito foi submetido a revista Hepatic Medicine: Evidence and
Research e intitulado Relationship between the biomarkers of bone metabolism and hepatic
enzymes according to the stage of Nonalcoholic Fatty Liver Disease and the Metabolically
Healthy Obesity Phenotype.

A secdo conclusdo e consideragoes finais ¢ fundamentada nos principais resultados dos
trés manuscritos realizados. As referéncias da tese obedecem a norma NB-66 da Associagado
Brasileira de Normas Técnicas (ABNT), enquanto as referéncias dos artigos atendem aos
requisitos técnicos das revistas.
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Resumo

Resumo da tese apresentada ao PPGN/UFRJ como parte dos requisitos necessarios para a
obten¢do do grau de Doutor em Ciéncias Nutricionais.

MARCADORES DO METABOLISMO OSSEO E SUA RELACAO COM A DOENCA
HEPATICA GORDUROSA NAO ALCOOLICA EM INDIVIDUOS COM OBESIDADE
CLASSE III CLASSIFICADOS SEGUNDO O FENOTIPO METABOLICAMENTE
SAUDAVEL
LOUREIRO, Ligiane Marques. Rio de Janeiro, 2019. Tese (Doutorado em Ciéncias da
Nutrigdo) — Instituto de Nutri¢ao Josué de Castro, Universidade Federal do Rio de Janeiro, Rio

de Janeiro, 2019.

Orientadora: Andréa Ramalho

Introducdo: A obesidade altera os marcadores do metabolismo 6sseo e hepatico, segundo diferentes
graus de estadiamento da Doenca Hepatica Gordurosa Nao Alcoolica. A hipdtese de que o fenotipo da
obesidade metabolicamente saudavel, possa proteger os individuos das referidas alteragdes, motivou
esse estudo. Objetivo: avaliar os marcadores de metabolismo 6sseo e enzimas hepaticas de acordo com
a DHGNA, segundo os fenotipos OMS e OMNS. Meétodos: Estudo transversal, incluindo adultos com
obesidade classe III. Para classificacdo dos fenotipos OMS e OMNS, o critério proposto foi o Third
Report of the National Cholesterol Education Program Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults. Varidveis antropométricas, Indice de adiposidade
visceral (Visceral Adiposity Index - VAI), bioquimicas, incluindo as enzimas hepaticas e clinicas
(pressdo arterial sistémica e diagnostico da DHGNA) foram analisadas no estudo. HOMA-IR
(homeostatic model assessment insulin resistance) foi calculado para determinar resisténcia a insulina.
Para avaliar o metabolismo 6sseo, foram analisados [fosfatase alcalina (FA) e paratormoénio (PTH)] e
nutrientes relacionados (vitamina D, célcio, fosforo, magnésio, potassio, zinco e vitamina B12). O
diagnotico e estadiamento da DHGNA foi determinada por ultrassonografia de abddmen total e biopsia
hepatica respectivamente. As variaveis continuas, foram expressas em média e desvio-padrdo. Variaveis
categoricas comparadas utilizando o teste Qui-quadrado de Pearson. Variaveis continuas usando o teste
t Student. Foram realizadas analises de variancia de dois fatores (Two-way ANOVA), posteriormente
Teste de Tukey para verificar a diferenca entre os grupos. E analise de regressdo logistica multipla para
determinar a razdo de chance de marcadores de metabolismo 6sseo alterados pelos fenotipos. Todas as
analises estatisticas foram realizadas usando Statistical Package for the Social Sciences para Windows
versdo 21,0. O nivel de significancia foi de 5%. Resultados: 223 adultos com obesidade classe 111, com
1dade de 41,20 + 10,15 anos, sendo 32,73% OMS foi a amostra total. HOMA-IR foi maior no OMNS
(p = 0,003). No grupo OMS, as variaveis antropométricas foram correlacionadas com os marcadores
osseos (IMC vs. Fosforo: r= 0,31, p<0,001; IMC vs. 25 (OH) D: = -0,31, p= 0,041). Correlacdes
negativas foram observadas no grupo OMS (Calcio vs. PCR: r=-0.30, p = 0.017; PTH vs. HOMA-IR:
r =-0.28, p = 0.017) com significancia. Apos regressao logistica, inadequacdes de calcio (OR: 4.11;
1C95%: 2.33 — 6.66), fosforo (OR: 3.03; 1C95%: 1.98 — 5.79), vitamina D (OR: 5.01; IC 95% : 2.92 -
6.71) e PTH (OR: 5.45; 95% CI: 4.49 - 6.74) foram significativamente maiores no grupo OMNS em
comparacdo ao grupo OMS. Uma subamostra, 50 individuos com DHGNA foram avaliados, 65%
(n=31) com esteatose ¢ 38% (n=19) com esteato-hepatite sem fibrose; 36% OMS e 64% OMNS
respectivamente. Valores médios de FA, 85.44 + 27.27 vs. 61.92 + 17.57 (p=0.006); gama-glutamil
transferase peptidase, 25.77 = 15.36 vs. 30.63 + 19.49 (p=0.025) e albumina 4.24 + 0.23 vs. 3.99 + 0,34
(p=0,037) foram significativamente menores nos OMS com esteatose. Conclusées: O fendtipo OMS
ndo protege os adultos de alteragdes no metabolismo 6sseo e hepatico. Porém, o OMNS apresentou
maior risco de alteragdes relacionadas ao metabolismo 6sseo. E o OMS com esteatose apresentou
alteracdes de menor gravidade que aquelas observadas nos OMNS, em relacdo aos marcadores
estudados 0sseos e hepaticos estudados.

Palavras chave: obesidade, fenotipo metabolicamente saudavel, metabolismo 6sseo e doenca hepatica
gordurosa nao alcooli
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Abstract

MARKERS OF BONE METABOLISM AND ITS RELATIONSHIP TO NON-
ALCOHOLIC FATTY LIVER DISEASE IN INDIVIDUALS WITH CLASS III OBESITY
CLASSIFIED BY THE METABOLICALLY HEALTHY PHENOTYPE

LOUREIRO, Ligiane Marques. Thesis (PhD degree in Nutritional Sciences) — Instituto de
Nutri¢ao Josué de Castro, Universidade Federal do Rio de Janeiro, Rio de Janeiro, 2019.

Advisor: Andréa Ramalho

Background: Obesity negatively affects the relationship between markers of bone and hepatic
metabolism, according to different degrees of Staging of Non-Alcoholic Fatty Liver Disease. The
hypothesis that the metabolically healthy obesity phenotype, when present, could protect individuals
from the described changes, was the aim of this study. Objective: To evaluate the association between
markers of bone and hepatic metabolism with the staging of NAFLD according to the MHO and MUHO
phenotypes. Methods: A cross-sectional study was carried out in adults with class III obesity. To classify
the Metabolically Healthy Obese (MHO) and Metabolically Unhealthy Obese (MUHO), the Third
Report of the National Cholesterol Education Program Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults criteria was proposed. Anthropometric parameters,
Visceral Adiposity Index (VAI), biochemical, including the liver enzymes and clinical variables (blood
pressure and diagnosis of NAFLD) were analyzed in the study. HOMA-IR (homeostatic model
assessment insulin resistance) was calculated to determine insulin resistance. To evaluate bone
metabolism, markers (alkaline phosphatase (AP) and parathormone (PTH) and related nutrients (vitamin
D, calcium, phosphorus, magnesium, potassium, zinc and vitamin B12) were analyzed. The diagnosis
and staging of NAFLD was determined by total abdomen ultrasonography and biopsy respectively.
Continuous variables were expressed as mean and standard deviation. Categorical variables were
compared using Pearson's Chi-square test. Continuous Variables according to the MHO and MUHO
phenotypes were compared using Student's t-test. Two-way ANOVA analyzes were performed and the
Tukey test, to verify the difference between the groups. Multiple logistic regression analysis was
performed to determine the odds ratio (odds ratio) of markers of bone metabolism altered by phenotypes.
All statistical analyzes were performed using Statistical Package for Social Sciences for Windows
version 21.0. The level of significance was set at 5%. Results: A total sample was comprised of 223
adults with class III obesity aged 41.20 £+ 10.15 years, 32,73% OMS. The HOMA-IR showed elevation
in the MUHO group (p = 0.003). In the MUHO group, the anthropometric variables were correlated
with the bone markers (BMI vs Phosphorus: r=0.31, p <0.001; BMI vs 25(OH)D: r=-0.31, p = 0.041).
The visceral adiposity index was lower in MHO (p = 0.001). Negative correlations between
inflammatory markers and bone markers were observed in the MHO group (Calcium vs. hs-CRP: -0.30,
p = 0.017; parathyroid hormone vs. HOMA-IR: r = -0.28, p = 0.017). After logistic regression, it was
observed that inadequacies of calcium (OR: 4.11; 95% CI: 2.33 — 6.66), phosphorus (OR: 3.03; 95% CI:
1.98 - 5.79), vitamin D (OR: 5.01; 95% CI: 2.92 - 6.71) and PTH (OR: 5.45; 95% CI: 4.49 - 6.74) were
significantly higher in the MUHO group compared to the MHO Group. A sub-sample was analyzed, 50
subjects with NAFLD, 65% (n = 31) with steatosis and 38% (n = 19) with steatohepatitis without
fibrosis; 36% MHO and 64% MUHO respectively. Mean values of AP, 85.44 £27.27 vs. 61.92 + 17.57
(p = 0.006); gamma-glutamyl transferase peptidase, 25.77 = 15.36 Vs. 30.63 + 19.49 (p = 0.025) and
albumin 4.24 + 0.23 vs. 3.99 + 0.34 (p = 0.037) were significantly lower in MHO with steatosis.
Conclusion: The MHO phenotype does not protect adults from alterations in markers of bone and
hepatic metabolism. However, the MUHO phenotype presents a higher risk for alterations related to
bone metabolism. Individuals with MHO phenotype with steatosis presented lower severity changes
than those observed in the MUHO in relation to markers of bone and hepatic metabolism.

Keywords: obesity, metabolically healthy phenotype, bone metabolism, non-alcoholic fatty liver
disease;
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Introducdo

1. INTRODUCAO

Uma epidemia global crescente de sobrepeso e obesidade - "globesity" — pode ser
observada em muitas partes do mundo e discute-se que se medidas de intervencdo ndo forem
adotadas, milhdes de pessoas sofrerdo de uma série de graves distirbios de satde (WORLD
HEALTH ORGANIZATION - WHO, 2019). A prevaléncia de obesidade em adultos em nivel
mundial no ano de 2014 foi de 13% (WHO, 2016). No que se refere a obesidade grave também
conhecida como obesidade classe 111, os ciclos da National Health and Nutrition Examination
Survey (NHANES) evidenciaram aumento progressivo dessa subcategoria (SKELTON et al.,
2009). No ano de 2014, cerca de 2,2 milhdes de homens apresentavam obesidade classe 111, e
entre a populacdo do sexo feminino esse nimero chegou a 6,7 milhdes (NCD, 2016). Para
ambos, a obesidade representa grande risco para instalacdo e agravamento de doengas cronicas
ndo transmissiveis (DCNT), em especial aquelas relacionadas a dieta inadequada e a transtornos
alimentares comportamentais (Da LUZ ef al., 2018); incluindo diabetes mellitus (BOLES et
al., 2017), doengas cardiovasculares (SOROP et al., 2017), hipertensdo arterial sistémica
(SERAVALLE & GRASSI, 2017), doenga hepatica gordurosa nao alcodlica (DHGNA)
(DIVELLA et al, 2019; POLYZOS et al, 2017), acidente vascular cerebral
(BAUMGARTNER et al.,, 2016) e certas formas de cancer (DIVELLA et al., 2019; SCHENK
et al, 2019; RAY et al., 2018). Suas consequéncias para a satide vao desde o aumento do risco
de morte prematura (DIXIT, 2008) até condi¢des cronicas graves que reduzem a qualidade de
vida geral (NOKOFF et al,, 2019; MIL et al., 2019; KIM et al., 2017; TRONIERI et al,, 2017).

A obesidade ¢ uma realidade para 18,9% dos brasileiros, enquanto que o sobrepeso
atinge mais da metade da populagdo (54%). O Brasil, seguindo a tendéncia mundial, nos tltimos
dez anos (2007-2017) registrou um crescimento de 56% no excesso de peso e 60% na
prevaléncia de obesidade (BRASIL, 2018). O pais ja ocupa o segundo lugar entre os paises do
mundo, em numero de cirurgias bariatricas realizadas, o que indica e confirma esse aumento
progressivo da doenca (SOCIEDADE BRASILEIRA DE CIRURGIA BARIATRICA E
METABOLICA — SBCBM, 2016).

A obesidade, por ser uma desordem metabolica de etiologia complexa ¢ acompanhada
de grandes modificagdes sistémicas, caracterizada por um estado de inflamagao cronica de
baixo grau, que promove ativacdo do sistema imune (ENGIN et al., 2017, HOTAMISLIGIL,
2006) e uma séria de complicacdes clinicas e metabolicas (PATEL et al., 2013) responsaveis
pelo aparecimento de outras doengas. Dentre as quais, nos ultimos anos, de forma cada vez
mais frequentes, tém se destacado as doencas Osseo-metabdlicas e osteomusculares, causadas
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principalmente pela alteracdo de alguns marcadores (principalmente bioquimicos, incluindo
aqueles considerados como micronutrientes) relacionados ao metabolismo 6sseo (HOLICK;
HOSSEIN-NEZHAD, 2013); seguida da maior ocorréncia de DHGNA, um espectro, que
engloba desde a esteatose hepatica até esteato-hepatite ndo alcoolica, que ¢ comumente
considerada a forma mais avangada da doenca, onde a esteatose coexiste com lesdo
hepatocelular e inflamagao, precipitando a necrose hepatica, fibrose e cirrose, além de aumentar
de forma significativa o risco de carcinoma hepatocelular (CHALASANI et al., 2012).

Os individuos com obesidade classe III possuem, na maior parte dos casos, indicagdo
da cirurgia bariatrica e sdo mais propensos a complicagdes metabolicas incluindo aquelas
relacionadas ao metabolismo 6sseo (SHAPSES er al., 2017; VASCONCELOS; RENATA,
2010). Essas alteracdes sdo capazes de impactar diretamente ou ndo outros 6rgaos, como € o
caso, do proprio figado (CIMINI et al., 2017; POGGIOGALLE et al., 2017). Por esse motivo,
ainda no pré-operatorio, ¢ rotina avaliar diferentes biomarcadores que estejam envolvidos na
homeostase do metabolismo dsseo e hepatico, de modo a subsidiar medidas estratégicas que
possam evitar ou minimizar maiores complicacdes no pos-operatorio.

Existem diversos fatores presentes nos individuos com obesidade classe III que
influenciam diretamente no processo de reabsor¢ao dssea. A deficiéncia cronica de vitamina D,
a ingestao inadequada de célcio e o hiperparatireoidismo secundario tém sido apontados como
os mais recorrentes (CABRAL et al., 2016; YU, 2014; STEIN et al., 2013; COMPHER et al.,
2008). Outras deficiéncias de micronutrientes (vitamina B12, acido folico, vitamina A, tiamina,
riboflavina, niacina, vitamina B6, zinco, fosforo, magnésio e ferro) também possuem papel
relevante no metabolismo 0sseo e podem estar alterados em individuos com obesidade classe
III (VIA & MECHANICK, 2017; FAE et al., 2015; LO MENZO et al., 2014; MILLER et al.,
2014; TOREZAN, 2013; BORDALO et al., 2011).

O paratormonio (PTH), a leptina e a proteina C- reativa (PCR) que se encontram
alterados na obesidade, também interferem na homeostase 6ssea. Estudos sugerem que esses
marcadores quando alterados devido ao perfil inflamatorio da obesidade, tenham papel
importante no metabolismo Osseo e consequentemente, interferindo através de alguns
mecanismos no metabolismo do hepatico também (MANOY et al,, 2017; CHEN & YANG,
2015).

Quanto a DHGNA, a real incidéncia também nao esta totalmente elucidada, entretanto,
¢ sugerido que a doenga afete cerca de 6 a 45% da populagao mundial, sendo maior (90%) em
individuos com obesidade grave (FAZEL et al, 2016; OKUR & KARACAER, 2016;

PAPPACHAN et al., 2014). Apesar de algumas evidéncias indicarem que exista uma forte
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associacdo entre alguns importantes marcadores do metabolismo 6sseo € a progressdo da
DHGNA em adultos com obesidade classe III (TOVO et al., 2017, TARGHER et al.,, 2015; LI
et al., 2012). E sabido que existe um cross talk entre tecido adiposo, 6sseo e hepatico, quando
essa relacdo se encontra desequilibrada, como parece acontecer no caso da obesidade, as
consequéncias deletérias geradas a satde desses individuos ainda precisar ser melhor
esclarecida.

Somado a esses fatos, o paradoxo da obesidade, conhecido como o fenotipo
metabolicamente saudavel (MS), classificado a partir de alguns critérios, dentre esses, o da
Third Report of the National Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High 3° Blood Cholesterol in Adults (NCEP-ATPIII) (BLUHER
& SCHWARZ, 2014; PRINCE et al.,, 2014) sugere que, mesmo a obesidade sendo fator de
risco para uma série de complicagcdes metabolicas, os individuos quando classificados como
“obesos metabolicamente saudaveis — OMS” diferentemente aqueles, “obesos metabolicamente
ndo saudaveis — OMNS”, parecem estar mais protegidos de complicagdes relacionadas a
gravidade da DHGNA, da resisténcia a insulina (RI), de alteragdes no perfil lipidico e
marcadores de inflamag¢ao (HASHIMOTO et al.,, 2017; MIN-KYUNG, 2015).

Contudo, apesar de alguns estudos, envolvendo pacientes com DHGNA e o fendtipo
OMS (ABENAVOLI et al, 2016; CHANG et al., 2016) ja terem sido realizados, poucos
ensaios investigaram a influéncia desse fenotipo sobre o estadiamento da doenga (HUH et al.,
2017).

Considerando o volume de evidéncias ainda limitadas no que diz respeito a investigacao
da relacdo: fendtipo OMS e metabolismo 0sseo e, especificamente entre os biomarcadores
Osseos e alteragdes hepaticas na obesidade classe III com fenotipo OMS. O objetivo deste
trabalho foi avaliar e comparar entre adultos com obesidade classe III, classificados como OMS
e OMNS, as alteragdes séricas de um conjunto de marcadores do metabolismo 0Osseo,
associando-os com varidveis clinicas, metabodlicas, antropométricas, indicadores de funcao e
lesdo hepatica, considerando ainda o grau de estadiamento da DHGNA dos individuos

investigados.
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2. REVISAO DA LITERATURA

2.1 Obesidade
2.1.1 Obesidade: definicao, epidemiologia e etiologia

A obesidade ¢ definida pelo acimulo excessivo ou disfuncional de gordura corporal que
pode prejudicar a saude do individuo, sendo consequéncia do desequilibrio existente entre a
ingestdo alimentar e o gasto energético (WHO, 2015).

Segundo a World Health Organization (2016), a prevaléncia mundial da doenca entre
adultos em 2014 foi de 13%, sendo maior em mulheres 15% do que nos homens 11% (WHO,
2016). A incidéncia da obesidade aumentou de maneira preocupante, atingindo
aproximadamente 266 milhdes de homens e mulheres em todo o mundo nas ultimas décadas
(NDC, 2016). Por esse motivo, e por se associar a importantes comorbidades, a obesidade tem
sido considerada uma epidemia global, representando 6nus nos gastos com satde publica em
todos os paises, sejam eles desenvolvidos ou em desenvolvimento, como ¢ o caso do Brasil
(OLIVEIRA, 2013).

A obesidade ¢ uma condi¢do complexa, com sérias dimensdes sociais e psicologicas,
que afeta praticamente todos os grupos etarios e socioecondmicos. Em 1995, havia cerca de
200 milhoes de adultos com obesidade em todo o mundo e outros 18 milhdes de criangas com
menos de cinco anos classificadas como obesos. A partir de 2000, o nimero de adultos com
obesidade aumentou para mais de 300 milhdes. A epidemia da obesidade ndo se restringe as
sociedades industrializadas; nos paises em desenvolvimento, estima-se que mais de 115
milhdes de pessoas sofrem de problemas relacionados a obesidade (WHO, 2019).

De acordo com IASO (2010) mais de um bilhdo de adultos estdo acima do peso ideal,
dentre eles, 475 milhdes sdo considerados obesos. No que se refere a obesidade grave, os ciclos
da NHANES evidenciaram aumento progressivo dessa subcategoria, aumentando de 0,8% para
3,8% nas ultimas décadas (SKELTON et al., 2009).

Em estudo realizado pela “Mckinsey Global Institute” (DOBBS et al., 2014), estimou-
se que a obesidade provoca despesas anuais da ordem de RS 5,2 trilhdes em todo o mundo, e,
no Brasil, os custos anuais foram de R$ 3,57 bilhdes, chegando a uma soma de custos
economicos relacionados a obesidade em torno de 2,4% do Produto Interno Bruto brasileiro.

O Brasil, acompanhando a tendéncia mundial, também tem registrado aumento no
numero dos casos de obesidade (IBGE, 2010). Apds 36 anos, foi constatado pela Pesquisa de

Orcamento Familiares (POF) de 2008-2009, que a obesidade cresceu mais de quatro vezes entre
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os homens, de 2,8% para 12,5%, e mais de duas vezes entre as mulheres, de 8% para 16,9%.
Nos ultimos dez anos, teve um crescimento de 26,3% no excesso de peso e 60% na prevaléncia
de obesidade. Cerca de 18,9% dos brasileiros estdo obesos, com frequéncia semelhante entre
homens 18,1% e mulheres 19,6% (BRASIL, 2017). De forma geral, o excesso de peso ¢ a
obesidade estdo mais relacionados ao risco de morte global do que o baixo peso (WHO, 2015).

O Brasil atualmente € o quinto pais em nimero de obesos no mundo, o quadro € visto
como extremamente sério, sendo necessarias medidas de prevengdo e controle (WHO, 2016).
Em 2014, dados do estudo de Vigilancia de Fatores de Risco e Prote¢ao para Doengas Cronicas
por Inquérito Telefonico (VIGITEL) demonstraram que dentre os 27 estados brasileiros, o
estado do Rio de Janeiro, ocupando a 8° posicao, foi um dos que apresentou maior frequéncia
de obesidade, 19% entre adultos (BRASIL, 2015). Em 2016, o estado esteve na 6° posi¢ao
quando considerado a frequéncia de sobrepeso, 55,8% na populagao em geral (BRASIL, 2017).

O aumento significativo da prevaléncia dessa doenca ¢ resultado principalmente de
mudangas no estilo de vida, com maior ingestdo de alimentos refinados, gorduras saturadas,
acucares e outros, somado ao menor gasto energético pela atividade fisica, (WHO, 2016;
JENSEN et al., 2014; INSTITUTE FOR CLINICAL SYSTEMS IMPROVEMENT — ICSI,
2013; HERRERA & LINDGREN, 2010; MARTI et al., 2008). Todos esses fatores, favorecem
o ganho de peso excessivo e esta intimamente relacionado com maior risco de desenvolver a
obesidade e comorbidades (BRASIL, 2017; CERCATO et al., 2008).

A etiologia complexa e multifatorial da obesidade resulta da alteracdo e/ou associagao
de multiplos fatores: genéticos, endocrino-metabolicos, psicoldgicos, ambientais
(BERTHOUD & KLEIN., 2017; SHEIKH et al., 2017; ASSOCIACAO BRASILEIRA PARA
O ESTUDO DE OBESIDADE E DA SINDROME METABOLICA - ABESO, 2016; AMYOT
et al., 2012; HERRERA & LINDGREN 2010; WHO, 2003) e mais recentemente relacionados
a composicdo e fun¢do da microbiota intestinal (LIJUAN SUN et al,, 2018; HALL et al., 2017;
SCHEITHAUER et al., 2016; ESSER et al., 2014) e sua relacdo com a producao de alguns sais
biliares ( LIU et al., 2017).

2.1.2 Aspectos genéticos, neuroenddcrinos e fisiopatologicos relacionados a obesidade

2.1.2.1 Fatores genéticos e obesidade

Viarios genes susceptiveis a doenca tém sido identificados, porém um nimero limitado

desses genes tem apresentado uma interagdo com componentes ambientais capazes de alterar
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vias metabdlicas relacionadas ao balango energético (TORKAMANI & TOPOL, 2019;
HINNEY & GIURANNA, 2017; PIGEYRE et al., 2016).

Em ambito mundial o que se tem observado ¢ que a obesidade monogénica, que ¢
resultado da muta¢do ou deficiéncia de um Unico gene corresponde a 5% dos casos de
obesidade, no qual 11 genes estdo relacionados (KOIKE ef al., 2018 ; RIVERA et al., 2017;
SHEIKH et al., 2017; PIGEYRE et al., 2016; HINEY et al., 2010). E quando considerada a
obesidade classe III essa ocorréncia ¢ menor que 5% e ainda sim, sendo muito heterogénea
entre si (CAMPBELL, 2017). Ja em relagdo a obesidade poligénica, que ocorre devido a
presenca simultinea de variagdo de DNA em multiplos genes (HOSNEY et al., 2017;
OYEYEMI et al., 2017, REDDON et al., 2016; REES et al., 2012; VOGEL et al., 2011),
aproximadamente 227 variantes genéticas envolvidas em diferentes vias biologicas (sistema
nervoso central, detecg¢@o e digestdo de alimentos, diferenciacdo de adipdcitos, sinalizagdo de
insulina, metabolismo lipidico, biologia muscular e hepatica, além da microbiota intestinal) ja
foram identificadas e ainda se encontram em plena expansao (TORKAMANI & TOPOL, 2019;
LIJUAN SUN et al., 2018; HINNEY & GIURANNA, 2017; LESLEY & CAMPBELL, 2017;
SHEIKH et al., 2017; PIGEYRE et al., 2016).

2.1.2.2 Fatores neuroendocrinos associados a obesidade

A obesidade ¢ um distirbio complexo causado por varios fatores de risco genéticos e
ndo genéticos como ja discutido, contudo, nos ultimos anos, ficou claro que os fatores externos,
sdo os mais relevantes em sua incidéncia. Nesse sentido, os fatores neuroenddcrinos se
destacam, pois por meio de diversas vias metabodlicas o nosso organismo ¢ capaz de manter-se
em balango energético regular (LEITE ef al., 2014; SERPA NETO et al., 2007; HILTON &
LOUCKS, 2000).

Viérios sinais ocorrem em funcdo da interagdo com neurdnios do nucleo arqueado no
terceiro ventriculo hipotalamico, como resultado funcional dos horménios reguladores da fome
no hipotalamo. Leptina e insulina estimulam a sintese de pré-opiomelanocortina (POMC) em
determinados neurdnios. Ocorre entdo clivagem desta proteina, pela proconvertase 1 (PC1), em
hormdnio estimulante de melanocito (a-MSH) que, através dos receptores de melacortina 4 e 3
(MC4R e MC3R), suprimem os neurdénios orexigénicos e estimulam os anorexigénicos. Por
diversas vias, envolvendo acido gama-aminobutirico (GABA), MC3R e Y1R, os neurdnios
NPY (neuropeptideo Y) / AGRP (proteina relacionada ao agouti) e a-MSH / CART (o fator de

transcri¢do cocaina-anfetamina dependente) sofrem auto-regulagao.
29



Revisdo da Literatura

E a partir dai, hd o aumento do processo de termogénese e estimulo a saciedade em
periodos de muita oferta energética (LV et al., 2018; CUI et al., 2017). Além disso, os fatores
neuroenddcrinos sdo capazes também, de promover o inverso, estimulando a sensacao de fome
e inibindo a termogénese em momentos de privagdo do organismo (DONATO JUNIOR et al.,
2004). Dentre esses mediadores, os que se destacam sdo os hormdnios insulina (ANTHONY et
al., 2006), grelina (HOWICH et al., 2017; PERELLO et al., 2012), e leptina (THON et al.,
2016; YANG et al., 2010).

A leptina age diretamente no sistema neuroenddcrino, atuando como um adipostato, que
tem a capacidade de reduzir a secrecao e melhorar a resisténcia a insulina, e inibir a lipogénese,
contudo nos obesos esse processo homeostase corporal ndo acontece dessa forma. Devido o
aumento da massa gorda, deveria ocorrer maior sintese de leptina e consequente inibicdo da
fome, somado ao estimulo ao gasto energético (GONG et al., 2018). E na perda de peso, os
niveis séricos de leptina cairiam e os de grelina aumentariam, estimulando assim, a fome e
inibindo a perda de energia através da termogénese (LV et al., 2018; CUI et al., 2017).

Nos individuos com obesidade, entre outros fatores, a presenca de um quadro de
resisténcia hipotaldmica a agdo da insulina e leptina leva ao aumento das concentragdes de
leptina e diminuigdo de grelina, comprometendo a homeostase corporal e levando a inflamagao

cronica de baixo grau (LOPEZ-JARAMILLO et al., 2014), Figura 1.
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‘Figura 1. Homeostase do peso corporal.
‘Fonte: NETO et al., 2007. Adaptado por Loureiro, (2019).

2.1.2.3 Fisiopatologia de obesidade associada a ocorréncia de comorbidades

A obesidade, por ser uma desordem metabolica, caracterizada pelo acimulo de tecido
adiposo (TA) ¢ acompanhada de grandes modificagdes sistémicas em decorréncia entre varios
fatores, da hipertrofia ou hiperplasia dos adipdcitos (WHO, 2011) o que leva a inflamagao
cronica subclinica de baixo grau (HOTAMISLIGIL, 2006).

Nos individuos com obesidade quando comparados aos eutréficos, varios mecanismos
sdo acionados, responsaveis pelo aumento das concentragdes de adipocinas pro-inflamatorias
(fator de necrose tumoral alfa — TNF-a, interleucina 1f - IL-1p, interleucina 6 - IL-6, inibidor
do ativador do plasminogénio 1 - PAI-1, proteina C reativa — PCR, resistina— Res, e, leptina -
Lep), e redugdo das adipocinas anti-inflamatorias (adiponectina - Adipo) (HURSTIN &
HURSTIN, 2012). Cada um desses mecanismos, levam a desfechos desfaforaveis, que
culminam na maior ocorréncia de varios distirbios metabdlicos, conforme pode ser observado

na Figura 2.
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Figura 2. Mecanismos fisiopatologicos da obesidade e comorbidades.
Fonte: BIAGINONI, 2015. Adaptado por Loureiro, (2019).

Devido aos altos niveis séricos de leptina, relacionados a resisténcia hipotalamica os
individuos com obesidade ndo apresentam respostas esperadas ao estimulo por este hormonio
(BELGARDT et al., 2009; VELOSO, 2006) e que quando associados a problemas no transporte
da insulina (ANTHONY et al., 2006), estimulam maior liberagdo de marcadores inflamatdrios
(THON et al., 2016).

A inflamagdo de baixo grau presente na obesidade e induzida por dieta hiperlipidica,
pelas citocinas como TNF-a, IL-6 e IL-1f3, também promove sua sintese (PHILIPS & PRINS,
2008). Outros marcadores inflamatorios presentes, como a JNK e NF-«xf fosforilam em serina
diversos mediadores e, além de potencializar a resisténcia a leptina, também induzem esse
quadro ao sinal da insulina (DE SOUZA et al., 2005; KHON et al., 2005).

Esse quadro pré-inflamatorio leva a maior resisténcia a insulina (RI), maior acimulo de
acidos graxos livres (AGL) no figado, tecido adiposo e musculo esquelético, além de uma série
de complicacdes metabolicas (PATEL et al, 2013) que levam ao aparecimento de outras
doencas (SCHERNTHANER et al., 2016; SCHOLZ et al., 2015; CATSBURG et al., 2014;
JUNG et al., 2014; RONDANELLI et al., 2014).

32



Revisdo da Literatura

Dentre as quais, estio a DHGNA (ABENAVOLI & PETA, 2014; ARISH &
JORNAYVAZ, 2013) e as doencas oOsseco-metabolica (VERHEYEN et al, 2017) e
osteomuscular (TOVO et al., 2017; CHOI, 2016) que sdo causadas principalmente por
alteracdes de alguns marcadores do metabolismo dsseo e hepatico.

E crescente o nimero de estudos que apontam que essas doengas estdo se tornando
graves problemas de saude publica, especialmente por sua estreita associagdo com a obesidade
(ABEVANOLI et al., 2016; NASABIAN et al., 2016). Contudo, ha necessidade de um maior
volume de informagdes sobre a relagdo da obesidade com as alteracdes de marcadores do

metabolismo 6sseo e sua possivel correlacio com a DHGNA.

2.1.3 Diagnéstico, classificag@o e tratamento da obesidade

Para o diagnoéstico nutricional e a classificagdo da obesidade, se utiliza como ferramenta
o Indice de massa corporal (IMC), calculado pela razio entre a massa corporal total em
kilogramas e a estatura em metros ao quadrado (kg/m2) (WHO, 2004).

O IMC ¢ um bom indicador, mas nao totalmente correlacionado com a gordura corporal.
Portanto, o ideal para melhor avaliagdo da composi¢do corporal ¢ que ele seja usado em
conjunto com outros métodos de determinag¢do de gordura corporal (circunferéncias, dobras
cutaneas, bioimpedancia elétrica e dupla emissdo de raios X) (LEE & GALLAGHER, 2008).
Contudo, a combinac¢do do IMC com medidas de distribuicdo de gordura pode minimizar alguns
problemas do uso desse indicador de forma isolada. A escolha de cada um deles, deve levar em
consideragdo o custo e beneficio antes de tudo (ABESO, 2016).

Outra medida antropométrica, que pode ser correlacionada com IMC € o perimetro da
cintura (PC), que reflete melhor o conteudo de gordura visceral e também se associa muito a
gordura corporal total (ABESO, 2016). Pode-se realizar essa medida no maior perimetro
abdominal entre a ultima costela e a crista iliaca (WHO, 2000). Outros indicadores corporais
tém sido sugeridos para maior enriquecimento de informagdes acerca do diagnostico nutricional
de individuos com obesidade. Dentre eles, o Indice de adiposidade visceral (do inglés, Visceral
Adiposity Index - VAI), que ¢ um modelo matematico que estima adiposidade visceral
baseando-se no perfil antropométrico e lipidémico dos individuos (AMATO et al., 2010).

Kang et al (2017) em estudo realizado com 2. 204 individuos com fenétipo OMS
observaram que maiores valores de VAI estiveram associados com perfil metabolico mais
comprometido apos 41 meses de acompanhamento desses, dentre os quais 46% apos esse

periodo tornaram-se OMNS. Esse indice também foi o que melhor se correlacionou com o
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prognoéstico dos OMS, sendo considerado um bom preditor na determinagdo da conversao do
fendtipo do OMS para OMNS.

Em outro estudo o VAI foi fortemente associado com hiperuricemia, independente do
fenotipo OMS (DONG et al, 2017), apresentou correlagdo com o fendtipo da cintura
hipertrigliceridémica e maior risco ao desenvolvimento do diabetes (DU et al.,, 2014), além
disso, o aumento dos valores de VAI tem sido associado a elevagdo progressiva da
hiperglicemia e aos maiores valores RI (YANG et al., 2015).

Na populagao brasileira para classificacdo de sobrepeso e obesidade, correlacionada
com outras Doencgas Cronicas Nao Transmissiveis (DCNTs) e risco de mortalidade sdo
utilizados os pontos de cortes de IMC propostos pela WHO (2000).

A obesidade em adultos é definida, portanto, com IMC maior ou igual a 30 kg/m?,
podendo ser classificada em diferentes classes ou graus: obesidade classe I (IMC entre 30 e
34,9 kg/m?) com risco elevado, classe IT (IMC entre 35 e 39,9 kg/m?) com risco muito elevado
e a obesidade classe III (IMC maior ou igual a 40 kg/m?) considerada grave, com risco
muitissimo elevado (WHO, 2000).

O tratamento convencional da obesidade, assim como suas causas, também €
multifatorial e inclui dieta hipocaldrica, pratica de exercicios ¢ mudangas comportamentais
(ABESO, 2016; AMERICAN COLLEGE OF SPORTS MEDICINE- ACSM, 2014). Em
alguns casos, de acordo com a gravidade ¢ indicado o tratamento farmacoldgico e em ultimo
caso a intervenc¢ao cirurgica (ABESO, 2016; SBCBM, 2016).

E valido ressaltar, que nos tltimos anos vém crescendo o nimero de cirurgias bariatricas
realizadas no Brasil, em 2016, esse numero aumentou 7,5% em comparagdo com o ano de 2015.
Os dados apontam que no ano de 2016 cerca de 100.512 pessoas fizeram a cirurgia, 0 nimero
supera em cerca de 7 mil procedimentos das 93,5 mil cirurgias realizadas no ano de 2015
(SBCBM, 2016).

O Brasil ja ocupa o segundo lugar entre os paises do mundo em numero de cirurgias
realizadas, e esses dados indicam o aumento progressivo da gravidade da obesidade no pais
(SBCBM, 2016), além de apontarem a necessidade de uma maior aten¢ao nos cuidados com

este grupo.

2.1.3.1 Tratamento cirurgico para controle da obesidade

No caso dos individuos diagnosticados com obesidade graus II e III, o que se tem

observado ¢ que a combinacao dos tratamentos comportamental e farmacologico ndo alcancado
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o sucesso esperado, uma vez que a perda de peso promovida pelo uso de medicamentos
antiobesidade ¢ frequentemente inferior a 10% do peso corporal e, muitas vezes, acompanhada
de reganho de peso (WYATT, 2013).

Nesse sentido, a cirurgia bariatrica vem sendo utilizada como uma opg¢ao terapéutica em
pacientes obesos cujos tratamentos convencionais ndo apresentaram resultados plenamente
eficientes, e ¢ considerada atualmente o tratamento mais bem-sucedido e duradouro para a
obesidade (O'BRIEN et al., 2013). Entretanto, segundo a SBCBM (2017) para a indicagdo
cirirgica deve se obedecida a analise de trés critérios: IMC, idade e tempo da doenga. E também
obrigatéria a constatagdo de “intratabilidade clinica da obesidade”, através de um
endocrinologista.

As cirurgias baridtricas sdo classificadas de acordo com a modificagdo anatdmica e
funcional que proporcionam e sdo divididas em restritivas, disabsortivas e mistas, que
combinam a restri¢do gastrica com algum grau de disabsorcao intestinal, como a gastroplastia
redutora com Bypass Gastrico em Y de Roux (BGYR). E, atualmente sdo os procedimentos
mais realizados no mundo, devido ao seu componente anatdomico, o qual apresenta excelente
acdo sobre a perda de peso, com manuten¢do em longo prazo, associado aos efeitos neurais e
hormonais que contribuem para a diminuigdo do apetite e maior eficiéncia sobre a remissao das
comorbidades e melhora da qualidade de vida (THURNHEER et al., 2012).

Contudo, ¢ importante ressaltar que os efeitos da cirurgia baridtrica devem ser
considerados, pois podem ocorrer tanto em curto prazo, como tardiamente. Dentre os mais
frequentes pode-se citar deficiéncias nutricionais e suas implicagdes (WYATT, 2013;
THURNHEER et al., 2012), alteragdes no metabolismo dsseo e perda de massa 6ssea no pos-

operatério sdo efeitos adversos importantes que tém sido relatados mais recentemente

(SHANBHOGUE et al., 2017).

2.1.6 Os fendtipos da obesidade: obeso metabolicamente saudavel (OMS) e obeso

metabolicamente ndo saudavel (OMNYS)

Nos ultimos anos, o parodoxo da obesidade, um novo conceito, a Obesidade
Metabolicamente Sauddvel vem sendo investigado, nele, o fendtipo conhecido como “obeso
metabolicamente sauddvel - OMS” ¢ apresentado como fator de protecdo para algumas
complicagdes metabdlicas, quando comparado com aqueles obesos considerados
metabolicamente ndo saudaveis (GUTIERREZ-GROBE et al., 2017; ABENAVOLI et al.,
2016; CHANG et al., 2016; GONCALVES et al., 2016; HWANG et al., 2015; CAMHI,;
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KATZMARZYK, 2014; CHANG et al., 2014; HEIANZA et al., 2014). Esses individuos
classificados como OMS, embora possuam excesso de gordura corporal, apresentam maior
sensibilidade a insulina, melhor perfil lipidico, glicidico, inflamatério e menor
comprometimento hepatico e de pressdo arterial (PUJIA et al., 2016; LEE et al., 2015;
KRAMER et al., 2013; KARELIS, 2008).

A prevaléncia desse fenotipo em adultos varia entre 6,3-31,5% (DING et al., 2015).
Estima-se que entre 10 a 34% dos adultos obesos sejam metabolicamente saudaveis, sendo mais
frequente no sexo feminino, em populagdes brancas ndo hispanicas e nos individuos mais novos
(BLUHER; SCHWARZ, 2014; SAMAROPOULOS et al., 2013).

A obesidade metabolicamente saudavel tem sido relacionada principalmente ao
diabetes, as doengas cardiovasculares e mais recentemente 8 DHGNA (CHANG et al., 2016;
GONCALVES et al., 2016; HASHIMOTO et al.,2015; TARGHER et al., 2015; ANSTEE et
al.,2013). Contudo, at¢ o0 momento, ndo ha estudos que tenham avaliado em obesos graves,
classe III, as alteragdes de um conjunto de marcadores do metabolismo 6sseo, que estariam
entre as principais responsaveis pelo aumento na incidéncia de doengas 6sseo-metabolicas e
6sseo-musculares observado nos tltimos anos.

Viérios critérios com o objetivo de caracterizar tal fenotipo t€m sido sugeridos em
pesquisas recentes (GUTIERREZ-GROBE etal.,2017; HUH et al., 2017; CHANG et al., 2016;
LEE et al., 2015). O critério para identificacdo da Sindrome Metabodlica (SM) proposto pelo
NCEP-ATPIII tem sido um dos utilizados para definir o fenotipo OMS. Tal critério tem como
variaveis integrantes da classificacdo: a obesidade abdominal, alteragdes de HDL-c,
triglicerideos (TG), glicemia e da pressdo arterial sistémica. De forma que, um individuo
OMNS, se apresentar trés ou mais dos cinco componentes da SM (GRUNDY et al., 2004).

Essa ¢ uma classificagdo ja bem consolidada na literatura, que incluem as avaliagdes
bioquimicas, clinicas e antropométricas de facil obtenc¢do e ainda considera diferentes fatores
de risco metabolico. No entanto, ndo dispensa a necessidade de uma padronizagdo consistente
na identificacdo do fenotipo OMS, ja que esse consenso seria importante nao apenas do ponto
de vista epidemioldgico, mas, principalmente clinico.

Embora alguns estudos ja tenham sido realizados sobre o fen6tipo OMS e a DHGNA,
alguns mecanismos ainda permanecem desconhecidos. Além disso, novas evidéncias sugerem
que exista uma forte relagio entre a obesidade, o metabolismo 6sseo e DHGNA (RODRIGUEZ

et al., 2014) que necessitaria, portanto, de mais investigacao.
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2.2 Obesidade, doencas dsseo-metabdlicas e musculares no Ambito da cirurgia bariatrica

Embora a obesidade tenha sido associada, por muitos anos, a um baixo risco de fraturas
(NIELSON et al.,, 2012), existem evidéncias crescentes de que alguns dos fatores liberados pelo
tecido adiposo podem ter um efeito deletério na massa 6ssea e muscular (DUTRA et al.,, 2017,
YANG et al, 2015; POONPET & HONSAWEK, 2014; LEVINE & CRIMMINS, 2012;
KOHARA et al., 2011)

Nos ultimos anos, as doengas Osseo-metabolicas ¢ Osseo-musculares em niveis
epidemioldgicos estdo cada vez mais relacionadas a obesidade, acometendo especialmente os
individuos com obesidade classe 111, que apresentam indicagdo para cirurgia bariatrica (BANO
et al., 2017; MANOEY et al., 2017, MURRAY et al., 2017; TANAKA et al., 2013).

A hipdtese de que a obesidade estd relacionada a maior prevaléncia de sarcopenia,
doenca osteomuscular, e, fortemente associada a outras doengas Osseo-metabodlicas como
osteoporose e osteoartrite vém sendo confirmada (DEMIRAG et al.,, 2017; MANOY et al.,
2017; MURRAY et al., 2017; PERNA et al., 2017; COMPSTON, 2015; COMPSTON et al.,
2014; JANSSEN, 2010). Os principais mecanismos relacionados a essas doencas, envolvem a
hiperleptinemia (KOHARA et al.,, 2011), altas concentragdes de PCR (YANG et al, 2015), IL-
6 (DUTRA et al., 2017), RI (LEVINE & CRIMMINS, 2012) entre outros marcadores
inflamatérios comuns na obesidade (POONPET & HONSAWEK, 2014), incluindo também as
alteracdes de marcadores bioquimicos do metabolismo 6sseo, como PTH, fostatase alcalina,
calcio, vitamina D, zinco, fésforo, magnésio entre outros que tem papel fundamental na
manutengdo da satde ossea desses individuos (FISHER et al., 2017; JAFARI-NASABIAN et
al., 2017; ORMSBEE et al., 2014; CLEMENS, 2014; GROBER et al., 2013; BORDALO et
al., 2011).

As alteracdes metabolicas causadas pela perda de massa 6ssea e muscular levam a maior
fragilidade 0ssea, comprometimento da mobilidade e aumento da taxa de mortalidade entre os
obesos, mesmo antes da cirurgia bariatrica (KIM et al., 2016; EDWARDS & BUEHRING,
2015; WANNAMETHEE & ATKINS, 2015).

E nesse espectro de doencas surgiu ainda um novo conceito, o da “obesidade
osteosarcopénica ou obesidade sarcopénica”, uma sindrome englobando osteopenia,
osteoporose, sarcopenia e obesidade (DEMIRAG et al., 2017; MANOY et al., 2017; MURRAY
et al., 2017; PERNA et al, 2017), que é especialmente prejudicial devido redistribuicdo da
gordura e sua infiltragdo nos ossos e musculos, sendo resultado das modificagdes significativas

de vérios marcadores Osseo-metabolicos citados anteriormente e que estdo cada vez mais
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frequentes na obesidade classe III (JAFARI-NASABIAN et al., 2017; SZLEJF et al, 2017;
ILICH et al., 2016; HITA-CONTRERAS et al., 2015; ORMSBEE et al., 2014).

A luz dessas informagdes, e considerando a obesidade com toda a sua complexidade,
investigar possiveis alteracdes de alguns marcadores do metabolismo 6sseo em individuos com
obesidade grave, ainda no periodo pré-operatorio, parece ser importante, pois facilitard o
estabelecimento de estratégias preventivas, reduzindo ou até impedindo maiores complica¢des
metabolicas em relagdo a saude Ossea, especialmente no pos-operatorio, onde observa-se
aumento da perda de massa dssea por varios mecanismos.

Os mecanismos propostos de perda 0ssea apos a cirurgia bariatrica se dividem em quatro
categorias: descarga mecanica, efeitos nutricionais, alteragdes no intestino e efeitos do tecido
adiposo. Todas as vias acabam por afetar a perda dssea, seja reduzindo a funcdo dos
osteoblastos (formacao), seja aumentando a fun¢ao dos osteoclastos (reabsor¢ao) (FOLLI et al.,
2012).

Esses eventos em longo prazo levam a maior risco de doengas Osseas portanto,
predispondo a fratura e a outros distirbios Osseo-metabdlicos estruturais (JAFARI-
NASABIAN et al., 2017; SZLEJF et al., 2017; ILICH et al., 2016; HITA-CONTRERAS et al.,
2015; ORMSBEE et al., 2014). O aumento da perda Ossea, pode ser explicada também pela
diminui¢do do estradiol em consequéncia da perda de tecido adiposo e outras condigdes
associadas a perda de peso pos cirurgia, tais como aumento do PTH, um aumento do cortisol,
ou uma diminuicdo do estresse corporal sobre os o0ssos, além da deficiéncia cronica

principalmente de vitamina D e célcio (BORDALO et al., 2011).
2.3 Metabolismo dsseo e Obesidade

2.3.1 Tecido 6sseo e aspectos fisiologicos

O osso ¢ um tecido conectivo altamente especializado, composto de matriz organica
(colageno) mineralizada por cristais de hidropatita, combinado com elasticidade e rigidez.
Apesar de sua aparente inércia, o osso ¢ um Orgdo de constante atividade metabdlica
(FLORENCIO-SILVA et al., 2015). Suas principais fungdes incluem: suporte, movimentagao,
protecdo de 6rgaos nobres (como cranio e a coluna) e reservatdrio de ions (STAGI et al., 2013).
E formado por trés principais tipos de células: osteoblastos, ostedcitos e osteoclastos. Os
osteoblastos sdo células jovens de intensa atividade metabdlica que se originam do mesénquima

da medula 6ssea e tem a fun¢do de sintetizar a matriz Ossea.
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A fosfatase alcalina (FA) presente em niveis elevados na superficie das membranas
citoplasmaticas de osteoblastos e pré-osteoblastos parece quando liberada, contribuir para o
inicio da mineraliza¢do e o progressivo crescimento dos cristais de hidroxiapatita (KINI &
NADEESH, 2012).

Em outro momento, os osteoblastos sdo convertidos em osteocitos, fixados na matriz
Ossea, sendo fundamentais para manutencdo e sustentagdo do osso (JUNQUEIRA &
CARNEIRO, 2008; NOVACK & TEITELBAUM, 2008). O tecido hematopoético sob a acao
do fator estimulador de colonia de macréfagos e de RANKL (receptor ativador do fator nuclear
K-B), estimula a diferenciacdo dos osteoclastos, que sdo células multinucleadas responsaveis

pela reabsor¢do dssea (LI et al., 2000).

2.3.2 Marcadores bioquimicos nao nutrientes do metabolismo 6sseo

Para identificagdo do furnover 6sseo avaliar os marcadores de formagao e reabsorgao ¢é
importante. Os marcadores de formagdo 6ssea medem a atividade de osteoblastos por meio da
deteccdo de produtos provenientes da acdo desse tipo celular ou produtos derivados do
metabolismo de procolageno. Enquanto que os marcadores de reabsor¢do dssea indicam os
produtos da degradacdo de osteoclastos ou de coldgeno (HLAING & COMPSTON, 2014).

Dentre os principais marcadores bioquimicos de formacdo Ossea, destacam-se a
fosfatase alcalina, fosfatase alcalina Ossea, a osteocalcina e propeptideos amino terminal do
précolageno do tipo 1. E no que se refere aos marcadores de reabsor¢ao, estdo a hidroxiprolina,
hidroxilisina, piridinolina, deoxipiridinolina, telopepetideos de colageno tipo 1 e excregdo
urinaria de calcio (NAYLOR & EASTELL, 2012; WALSH et al., 2010; BERNARDI et al,
2004).

Adicionalmente, considera-se outros marcadores bioquimicos, sendo esses, alguns
nutrientes e hormdnios para avaliar o metabolismo 6sseo. Eles sdo 6timos parametros
laboratoriais, acessiveis financeiramente, ndo invasivo, de facil uso na pratica clinica e que
possibilitam também o diagnostico das desordens nesse metabolismo. Apresentam ainda, outras
aplicagdes, como predicao de perda dssea, identificacdao de risco primario ou secundario para
osteoporose e fraturas, além da predi¢do de resposta a tratamentos e identificagdo de hiper-
supressdo do furnover Osseo em pacientes no tratamento a longo prazo da osteoporose
(HLAING & COMPSTON, 2014). Entre os principais marcadores, os que frequentemente sao

investigados na pratica clinica sdo, a fosfatase alcalina, o célcio sérico, o PTH e a vitamina
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(250H)D (FLEET, 2017; SHIMIZU et al., 2015; AUNG, 2014; SEO et al., 2012; SUZUKI,
2011; CRANEY et al., 2007)

A fosfatase alcalina, marcador de formagdo dssea tende a estar em maior concentragao
quando ha deficiéncia de vitamina D, sendo influenciada pela homeostase de PTH, Calcio e
Vitamina D (CRISTAKOS et al., 2011; SARAIVA; LAZARETTI-CASTRO, 2002).

O célcio (Ca), um cation divalente (Ca®") é essencial para manutengdo do tecido 6sseo
(HOGAN, 2005). Suas concentragdes sdo mantidas pela interagdo de hormonios calcitropicos,
principalmente pelo PTH e a vitamina D, ambos agindo em 6rgdos como, intestino, rins e
esqueleto (VIMALESWARA et al., 2013; MOLINA, 2007).

O PTH ¢ um hormonio peptidico com 84 aminoacidos produzido pelas paratiredides e
secretado diante da queda da calcemia, evento recorrente em individuos obesos graves, mesmo
antes da cirurgia bariatrica (WOLF et al,, 2015; HOGAN, 2005). Nos rins, induz o aumento da
reabsor¢ao tubular de calcio ¢ da excregdo de fosforo, além de estimular a 1a-hidroxilase. No
esqueleto promove o aumento da reabsor¢do dssea, além de ser o principal responséavel por
regular de forma aguda e rapida o célcio sérico (VILACA et al., 2015; CUSANO et al., 2013).

A vitamina D, hormdnio esterdide, cuja principal fonte ¢ a produgdo cutanea pela agao
dos raios ultravioleta (UV) sobre a 7-deidrocolesterol, d4 origem a colecalciferol, que sofre em
seguida, duas hidroxila¢des. A primeira, no figado, formando a 25 hidroxivitamina D (250HD)
(forma mais abundante e que reflete os estoques corporais) e a segunda, nos rins, formando a
1,25 hidroxivitamina D (1,250HD). Essa ultima, ¢ formada a partir de um processo enzimatico
sistematicamente controlado pelo PTH e por concentra¢des baixas de fosforo que também
desempenha um papel importante no metabolismo 6sseo (GAFNI et al, 2015). A 250HD
estimula a absorcdo de célcio e fosforo no intestino, aumentando a sua concentracdo plasmatica
e reprimindo a transcri¢do e secre¢do do PTH (HOLLICK & CHENT, 2008; CRANEY, 2007).

Ao longo da vida o tecido 6sseo mantém-se em atividade por meio de um processo
acoplado de reabsor¢ao-formagao, que caracteriza a remodelacao 6ssea (VILACA et al., 2015).
Entretanto, nos casos de obesidade grave e em individuos submetidos a cirurgia bariatrica esse
processo pode sofrer algumas alteracdes.

A densidade mineral 6ssea (DMO) também ¢ um marcador do metabolismo 06sseo,
sendo um parametro capaz de determinar a quantidade mineral, além de ser o principal
determinante da resisténcia do tecido 6sseco. Para determinagdo da DMO, a densitometria de
dupla energia baseada em raios X (DXA) ¢ o principal método, mostra-se excelente para

predicdo de fraturas e monitoramento do tratamento de desordens dsseas, apresenta Gtima
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precisdo e minima exposi¢ao a radiagdo, consistindo em um método ndo invasivo, que necessita

de curto tempo de realizacdo (JARVENPAA et al., 2014).

2.3.3 Micronutrientes marcadores bioquimicos do metabolismo dsseo

O osso ¢ fortemente influenciado pela ingestdo de varios nutrientes. Entre aqueles mais
relatados na literatura estdo calcio, proteina, vitamina D, fosforo e magnésio (KELLY et al.,
2016; LO MENZO et al, 2014). Atualmente, sabe-se que outras vitaminas (vitamina C,
vitamina K e vitaminas do complexo B, em especial B12) e minerais (ferro, potdssio, manganés,
cobre, boro etc) sdo importantes para saude 6ssea (KELLY et al., 2016; PALACIOS, 2006).

Na obesidade, em especial, na classe III ¢ frequente no pré-operatoério ou quando
submetido a cirurgia bariatrica, a presenca de deficiéncia de varios micronutrientes (WOLF et
al., 2015; YOSSEF et al., 2007). Dentre as deficiéncias mais prevalentes estdo as, de vitamina
D, vitamina B12, acido folico, vitamina A, vitamina C, tiamina, riboflavina, niacina, vitamina
B6, calcio, zinco e ferro (FAE et al., 2015; MILLER et al., 2014, LO MENZO et al., 2014,
TOREZAN, 2013; BORDALO et al., 2011). Alguns desses nutrientes serdo detalhados a seguir.

Os nutrientes calcio e vitamina D exercem papel fundamental na manutencao da satide
Ossea ¢ estdo envolvidos em diversas vias metabodlicas (SEO et al., 2012; SUZUKI, 2011;
CRANEY et al, 2007; BARBA; RUSSO, 2006; PARIKH; YANOVSKI, 2003). Estudos
indicam que suas deficiéncias em longo prazo, sobretudo quando associados a obesidade,
aumentam o risco de fraturas, e, ainda podem estar associados a maior prevaléncia de
osteoporose, osteoartrite, sarcopenia € mais recentemente, a obesidade osteosarcopénica
(SHIMIZU et al., 2015; AUNG, 2014; AVENELL et al., 2014; KIM et al., 2013).

O célcio ¢ o mineral mais abundante no corpo, no osso ¢ um marcador metabdlico que
deve estar sempre em equilibrio com o sangue. Aproximadamente 50% do calcio sérico esta
ligado a proteinas circulantes, principalmente albumina, 40% no estado livre, ionizado, que ¢ a
forma fisiologicamente ativa e 10% ligados com anios séricos (WIEGERT et al.,, 2012).

Como dito anteriormente, o PTH, o calcitriol (forma biologicamente da vitamina D3 ou
1,25-di-hidroxivitamina D ou 1,25 [OH]2D3) e a calcitonina (secretada pela glandula tiredide)
mantém o calcio sérico total (CaST) numa concentragdo normal entre 8,8 a 10,2 mg/dL
(LANGLEY, 2007). A absorcao de calcio ocorre por dois mecanismos (transporte ativo e
transferéncia passiva). O mecanismo de transporte ativo ocorre principalmente no duodeno e
no jejuno proximal; ¢ saturdvel e controlado pela agdo do calcitriol. Esse hormonio aumenta a

captura de célcio na mucosa intestinal. O segundo mecanismo, nao ¢ saturavel e dependente da
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vitamina D (FLEET, 2017; AUNG, 2014; CHRISTAKOS et al., 2011; CRANEY, 2007;
PALACIOS, 2006).

Um dos principais marcadores laboratoriais para avaliagdo do estado nutricional do
calcio, além do célcio sérico total (CaST) e célcio urindrio (CaU) ¢ calcio sérico ionizavel
(CaSI). O caST nao pode ser usado de forma isolado, pois devido ao forte mecanismo
homeostatico, seus niveis, se mantém constantes sob varias condi¢des clinicas. Além disso,
sofre influéncia do pH sanguineo e dos niveis séricos de fosforo e de albumina (DENARDIN
etal.,2007). O decréscimo de 0,1g/dL na albumina abaixo do seu valor de normalidade (4g/dL),
leva o CaST a uma diminui¢ao aproximadamente 0,8 mg/dL (COSTA et al., 2008).

A hipoalbuminemia diminui os niveis da CaST, mas ndo afeta os niveis da CaSI,
tornando este Gltimo o exame de concentragdes mais fidedigno quando a suspeita de alteragao
de proteinas. Em contrapartida, a alcalose metabdlica diminui a porcentagem do CaSI,
promovendo aumento do fosforo sérico (LANGLEY, 2007). A hipoalbuminemia ¢ comum em
pacientes obesos com esteatose hepatica dependendo da gravidade da doenga, especialmente
nos quadros ja evoluindo para cirrose (ABEVANOLI et al., 2016).

Em relacdo a vitamina D, ela é necessaria para manter as concentragdes normais de
calcio e fosforo, que por sua vez, sdo necessarios para mineralizagdo adequada dos ossos entre
varias fun¢des (CRANEY, 2007). Nao esta somente relacionada ao metabolismo do célcio,
fosforo e Osseo, cuja sua deficiéncia, ainda que subclinica ja se estabelece com hipocalcemia
leve, hiperparatireoidismo reacional e perda de massa Ossea (HIRAVANI et al, 2017,
VERHEYEN et al,, 2017) mas também participa da patogénese de varias doencas, dentre elas,
as doengas 0sseo-metabolicas, osteomusculares (SHIMIZU et al., 2015; AVELL et al., 2014;
KIM et al., 2013) e a DHGNA (SEVERTON et al., 2016; RODRIGUES et al., 2014; MOOM
et al., 2012).

Em estudo longitudinal que reuniu 548 individuos com obesidade com ou sem
complicagdes metabdlicas, observou-se correlagdo negativa entre as concentracdes de 250HD
e o IMC dos participantes (AGBAHT et al., 2014). Refor¢ando a hipotese de que os individuos
obesos sdo mais propensos a essa deficiéncia. No estudo de Vineswaran et al. (2013) com
42.024 individuos foi observada essa mesma associacdo. Nele foi demonstrado que cada
aumento de 1kg/m? do IMC estaria associado com 1,15% de redu¢do da 25(OH)D.

Contudo, Seo et al. (2013) quando avaliaram a obesidade sarcopénica em relagdo aos
niveis plasmaticos de vitamina D, ndo encontraram a mesma associagao. E valido ressaltar, que

a apesar dos individuos avaliados terem sido obesos também, a obesidade sarcopénica utiliza
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mais critérios para o diagnostico, que vao além do IMC. No estudo houve associa¢do negativa
da vitamina D com gordura visceral.

Para avaliar a concentracdo de vitamina D o melhor indicador do estado nutricional ¢ a
25 (OH)Ds; plasmatica, sendo a forma predominantemente circulante e a forma de
armazenamento no organismo. E o marcador mais fidedigno, principalmente quando associada
ao PTH ¢ a homeostase de calcio (GAFNI et al., 2015; MORRIS; ANDERSON, 2011). A
deficiéncia de vitamina D (DVD), célcio e alteragdes hormonais como hiperparatireoidismo
secundario quando ndo tratados resultam em doencas 0sseas, (BANO et al., 2017; MMURRAY
et al.,2017; TANAKA et al., 2013; BORDALO et al., 2011).

A DVD ¢ determinada quando as concentracdes de 25(OH)Ds estdo abaixo de 20 ng/dL,
resultando em diminuicdo de calcio e fosforo, que por sua vez, estimulam a secre¢do de PTH.
O PTH aumenta a produgdo renal de 1,25 (OH),D3; de modo que essa se encontra em niveis
normais ou elevados nos estagios iniciais da deficiéncia, tornando-a um indicador menos
sensivel, quando avaliado de forma isolada. O hiperpatireoidismo secundario ¢ muito comum
em individuos com obesidade grave principalmente, e que cursam com outras deficiéncias
nutricionais (VERHEYEN et al., 2017; WOLF et al., 2015; CRANEY, 2007).

O fosforo, magnésio, zinco e a vitamina B12 s3o outras deficiéncias que podem ocorrer.
Esses nutrientes podem estar reduzidos em individuos com obesidade e os seus déficits podem
estar relacionados a gravidade da doenca (KELLY et al., 2016; LO MENZO et al., 2014). Suas
necessidades podem ficar aumentadas no pds-operatorio de cirurgia baridtrica, por isso a
importancia de serem avaliados antes de qualquer interven¢do, a fim de minimizar as
complicacdes metabolicas apds cirurgia.

O fosforo é o segundo mineral mais abundante no organismo. E encontrado na natureza
na forma de fosfato inorganico ou livre (10%), ligados a proteinas (10%) e complexados com
calcio e o magnésio (80%). Sua fun¢do principal no metabolismo 6sseo ¢ se combinar com 0
calcio para propiciar a rigidez aos ossos (CHRISTAKOS et al., 2011; PALACIOS, 2006). No
sangue seu nivel € regulado principalmente, pelo controle de sua excregdo e reabsor¢ao urinaria
no tubulo proximal. Em paralelo, fisiologicamente o PTH e, em menor grau, a calcitonina agem
reduzindo o transporte maximo de fosfato e, consequentemente, sua excrecao. Outro hormonio,
fosfatonina, semelhante ao PTH, inibe a reabsor¢ao tubular do fosfato, aumentando a sua
excrecdo. Entretanto, a 1,25 (OH);D; atua aumentando a reabsor¢do tubular de fosfato e,
portanto, diminuindo sua excre¢do (VERHEYEN et al, 2017; WIEGERT et al., 2012).

A concentragdo de fosforo sérico normal ¢ de 2,7 a 4,5 mg/dL. Nao existe marcador

laboratorial fidedigno para avaliagdo nutricional corporal do fosforo, pois reflete menos de 1%
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do mineral total do corpo; a maioria existente encontra-se fixada no osso e tecidos moles
(WIEGERT et al., 2012; PALACIOS, 2006).

O magnésio ¢ um mineral determinante em quase todas as reagdes organicas,
participando de cerca de 300 sistemas enzimaticos. O conteudo de magnésio esta dividido em
trés grandes compartimentos do corpo: cerca de 65% do mineral encontra-se no osso, 34% no
espago intracelular (principalmente nos musculos cardiaco e esquelético e no figado) e apenas
1% nos fluidos extracelulares e no plasma (BARBAGALLO & DOMINGUEZ, 2000).
Aproximadamente 33% do magnésio no plasma estd ligado a proteinas, principalmente a
albumina (25%) (WIEGERT et al., 2012). O PTH, a calcitonina e o glucagon estimulam a
reabsorcdo renal do magnésio. A vitamina D aumenta a sua absor¢ao (ORCHARD et al., 2016).

A vitamina D para ser convertida na forma ativa ¢ dependente de uma enzima hidrolase
que necessita de magnésio. A secrecdo de PTH ¢ dependente de monofostato de adenosina
ciclico (cAMP), o qual por sua vez ¢ sintetizado a partir do Mg-ATP. Portanto, o magnésio tem
papel fundamental na regulagdo de toda absor¢ao e metabolismo de célcio, através da sua acao
na ativagdo de varios homoénios (PTH, calcitonina, vitamina D), de modo que praticamente
todas as reacdes fundamentais do céalcio dependem da presenga efetivamente adequada de
magnésio (HITA-CONTRERAS et al., 2015; PALACIOS, 2006; CRANEY, 2007). Os
sintomas clinicos da hipomagnesemia, definido como magnésio sérico inferior a 1,7 mg/dL, sdo
fraqueza, formigamento, tremor, entre outros. A hipermagnesemia ¢ definida como magnésio
sérico superior a 2,3 ng/dL incluem, niuseas, vomitos sudoreses, rubor, sonoléncia (WIEGERT
et al., 2012). A dosagem do magnésio sérico (MgS) ou plasmatico ¢ o indicador do estado
nutricional mais utilizado, no entanto ¢ um exame pouco sensivel.

No estudo prospectivo “the Women's Health Initiative Observational Study” que
avaliou 73. 684 mulheres menopausadas concluiram que o baixo consumo de magnésio esteve
associado ao menor densidade mineral 6ssea (DMO) (ORCHARD et al., 2014). Mulheres
obesas e com DHGNA parecem ter maior risco de perda de massa 0ssea (TARGHER et al.,
2015), osteoporose e obesidade sarcopénica (NASABIAN et al., 2017; SZLEJF et al., 2017).
Uma metandlise recente, também observou uma correlagdo significativa e inversa entre a
ingestdo de magnésio e o risco de menor DMO no pescoco femoral e quadril total
(FARSINEJAD-MARYJ, 2016).

O zinco é um marcador relevante no metabolismo 6sseo (PALACIOS, 2006). E
encontrado ligado a proteinas em praticamente todas as células do organismo e na estrutura
cristalina do o0sso e nas enzimas 6sseas. E necessario para a atividade osteoblastica adequada,

inibe a a¢do dos osteoclastos, sendo importante para a formagao de enzimas 6sseas (como a
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fosfatase alcalina), aumenta atividade da vitamina D, sendo dessa maneira, determinante para
a formacao 6ssea adequada (CRANEY, 2007). A deficiéncia de zinco pode representar até 45%
na massa oOssea, inclusive com a deterioracdo da arquitetura trabecular, com diminui¢do e
estreitamento da trabécula, podendo ser um importante fator de risco para osteoporose
(HIRAVANI et al., 2017; HITA-CONTRERAS et al., 2015; AUNGE, 2014).

Ap0s sua transferéncia para o intestino, o zinco se liga a albumina, sendo transportado
para figado, de onde ¢ liberado na circulagdo, formando um complexo com a albumina (70%)
(WIEGERT et al., 2012). O zinco sérico (ZnS) ou plasmatico ¢ atualmente o mais utilizado
para avaliacdo do estado nutricional desse mineral, apesar de sua baixa sensibilidade e
especificidade assim como o MgS (KELLY et al, 2016). Os seus niveis plasmaticos estao
sujeitos a uma variedade de estimulos (ingestdo dietética, exercicio fisico, infec¢cdes dentre
outros). Apesar de ser sensivel para os casos de deficiéncia moderada a grave, o ZnS nao detecta
deficiéncia leve. Até o momento, nenhum método disponivel tem essa sensibilidade suficiente
para deteccao desses estagios de deficiéncia (HOJYO & FUKADA 2016).

A vitamina B12 ¢ um termo que se refere ao grupo de quatro cobalaminas (Cbl),
incluindo metil-Cbl e adenosil-Cbl, os dois co-fatores enzimaticos de metionina sintase e
metilmalonil-CoAmutase, respectivamente (GUILAND; AIMONE-GASTIN, 2013). A
cobalamina sérica ainda ¢ o método mais utilizado para o diagnéstico da deficiéncia de vitamina
B12, visto que ¢ um exame de baixo custo. Entretanto, substratos de duas enzimas dependentes
dessa vitamina, acido metilmalonico (NMA) e homocisteina (HCY) tém sido as técnicas mais
acuradas para avaliar a deficiéncia intracelular (CARMEL, 2011).

Uma das consequéncias mais frequentes da obesidade grave, especialmente apos
cirurgia bariatrica ¢ a anemia que ocorre devido a deficiéncia de ferro ou de vitamina B12 (VIA
& MECHANICK, 2017; HANNIBAL et al., 2016; WENG et al., 2015; KWON et al., 2013),
seguida de perda mineral dssea, entre outras complicagdes metabolicas (MANGAIN et al,,
2016).

Em uma revisdo sistematica, que reuniu dados de estudos até 2012 foi demonstrada a
importancia de estratégias que previnam e gerenciem a deficiéncia dessa vitamina em pacientes
candidatos ou que ja foram submetidos a cirurgia bariatrica, devido ao fato da mesma ser
recorrente em individuos com obesidade grave (MAJUNDER et al., 2013).

Alvarez et al. (2014) em estudo transversal, realizado ap6s um ano de pds-operatério de
cirurgia bariatrica, observaram que dos 40 pacientes avaliados 13% cursavam com deficiéncia

de vitamina B12. Enquanto que Silva et al. (2016) ao avaliar os dados retrospectivos de 286
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pacientes submetidos a diferentes técnicas de cirurgia bariatrica encontraram frequéncia de
inadequacao de 16,9% na amostra.

Clinicamente essa deficiéncia leva a deterioragdo neurologica e anemia megalobléstica
e, quando ndo tratada, a morte. A deficiéncia subclinica de B12 (geralmente estabelecida a partir
de soro total <200 pmol/L) ocorre de forma assintomatica ou com sintomas genéricos bastante
sutis que muitas vezes sdo atribuidos erroneamente a distirbios ndo relacionados (HANNIBAL
et al., 2016).

Niveis séricos normais de NMA situam-se entre 0,08 a 0,56 umol/L, enquanto que os
de homocisteina situam-se entre 5 e 15 pmol/L. Os valores menores de 150 pg/mL (110 pmol/L)
jé& denotam deficiéncia em todas as idades (CLARCK, 2007).

No que se refere ao metabolismo 6sseo e a vitamina B12, Garcia et al. (2014) sugerem
um mecanismo pelo qual a deficiéncia materna de vitamina B12 pode comprometer a massa
6ssea da prole. Um fornecimento materno ineficiente de vitamina B12 para a prole reduz a
sintese hepatica de taurina e provoca resisténcia ao horménio do crescimento, atenuando a
sinalizacdo hepatica do transdutor de sinal e ativador da transcricdo 5 (STATS). Estes eventos
diminuem os niveis circulantes de factor de crescimento semelhante a insulina (IGF-1) e,
portanto, o efeito anabolico do IGF-1 em osteoblastos. Em adultos ainda sd3o necessarios mais
estudos para justificar essa possivel associacao.

A vitamina B12 assim como outros micronutrientes, parece ter alguma participacdo na
etiologia, tratamento e prevenc¢ao de doengas relacionadas ao metabolismo 6sseo (KELLY ef
al., 2016), contudo, os possiveis mecanismos ainda ndo estdo bem esclarecidos e os estudos
mostram resultados controversos especialmente no que se refere a menor incidéncia de fraturas
(LOPEZ et al., 2017, VAN WIINGAARDEN et al., 2014).

E fato que os todos os micronutrientes, em especial, os que foram descritos
desempenham algum papel especialmente de forma sinérgica que ¢ importante para saude dssea
e, portanto, relevante para prevencao de doencas que resultam das alteragdes desse metabolismo
(KELLY et al., 2016; PRICE, 2012; CAO, 2011).

As doengas 6sseas alteram o padrdo de producdo dos marcadores bioquimicos, sejam
eles nutrientes ou ndo, pois eles retratam a formacao ou reabsorc¢ao dsseas. Normalmente, como
o processo de formagdo ¢ estreitamente ligado ao de reabsor¢cdo, um marcador que reflete
reabsor¢do também reflete formacdo, entretanto, algumas condi¢des, como a obesidade pode

alterar esse processo (CAQO, 2011).
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2.3.4 Relagao entre tecido adiposo e metabolismo dsseo

Recentemente, varios estudos tém sugerido que existam interagdes entre o tecido adiposo
e tecido Osseo (JAFARI-NASABIAN et al, 2017; HITA-CONTRERAS et al, 2015;
GONELLI et al., 2013). Sabe-se que os adipdcitos e osteobastos tém origem na mesma célula
precursora da medula Ossea, em respostas a diferentes estimulos autocrinos, paracrinos e
endocrinos (CAO, 2011). Os mecanismos envolvidos na interagdo gordura e osso ainda nao
estdo bem esclarecidos. No entanto, acredita-se que a leptina, uma adipocina secretada pelos
adipocitos em propor¢do a massa corporal, em maior quantidade em obesos, desempenhe um
papel relevante na osteogénese (BARBOUR et al., 2012).

Em experimento realizado com animais, camundongos obesos e hipogonadicos, livres
da agdo de leptina (portadores de mutagdes na molécula da leptina — ob/ob ou em seu receptor
— db/db) mostraram um aumento importante da massa 0ssea, sugerindo influéncia direta da
leptina sobre osteogénese (KYUNG et al, 2009). Outras evidéncias, mostraram sua
participagdo ativa na homeostase 6ssea (CONFAVREUX et al., 2009).

A leptina atua por meio de neurdnios localizados na regido ventro-medial do hipotalamo
em duas vias distintas e antagonicas: estimula o sistema nervoso simpatico (SNS), que atua com
os receptores 2 nos osteoblastos (células responsaveis pela sintese de matriz 6ssea), levando a
producdo de RANKL (receptor ativador do fator nuclear K-B) e a diferenciagdo de osteoclastos.
Ela também age via CART (cocaine-and amphetamine related transcriptl), por mecanismos
ainda desconhecidos, inibindo a diferenciacdo de osteoclastos. Assim, sua atuacdo final ¢ uma
acdo anti-osteogénica (CAO, 2011).

A evidéncia de que a leptina interfere no metabolismo 6sseo, motivou a busca por um
feedback dos osteoclastos na modulagdo do metabolismo energético. Estudos evidenciaram a
existéncia de uma substancia produzida pelos osteoclastos: a osteocalcina, um componente da
matriz 6ssea extracelular, responsavel pela fixagdo 6ssea (COMPSTON, 2013; CAO, 2011;
REINHER; ROTH, 2010). Essa substancia promove na célula B-pancreatica, prolifera¢do e
aumento da secrecdo de insulina e no TA, aumento da producdo de adiponectina (GOWER &
CASAZZA, 2013).

Em ensaios clinicos, foi encontrada correlagdo inversa entre osteocalcina, fosfatase
alcalina e niveis de marcadores metabdlicos, como glicemia em jejum, insulinemia, indice
HOMA (homeostatic model assentment) ¢ IMC (CHEN; YANG et al., 2015; ONG et al., 2014;
SCHIN et al., 2014; GONELLI et al., 2013; ZILLIKENS et al., 2010).
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2.3.5 A patogénese das alteracdes Osseas na obesidade

Na obesidade, por ser o tecido adiposo infiltrado com uma quantidade aumentada de
macrofagos (LEE et al., 2015). Além de produzir outros fatores pro-inflamatorios, incluindo
IL-6, PCR e as adipocinas (adiponectina e leptina) envolvidas na inflamac¢do cronica
(GONCALVES et al, 2016; KRAMER et al., 2013). Esses eventos parecem estar envolvidos
na patogénese das alteragdes Osseas, pois podem aumentar a reabsor¢do Ossea através da
regulagdo das citocinas pro-inflamatdrias, como IL-6 e TNFa. Essas citocinas sdo capazes de
estimular a atividade dos osteoclastos através da regulagdo da via RANKL / RANK / OPG
(AZAMAR-LLAMAS et al., 2017; SHAPSES et al., 2017).

Alguns estudos sugerem também que as citocinas pro-inflamatdrias sdo mediadores
primarios que levam a osteopenia ou osteoporose. A perda acelerada de osso na menopausa esta
ligada ao aumento da producdo de citocinas pro-inflamatérias, incluindo TNF-a, IL-1 e IL-6
(DEMIRAG et al., 2017; ORMSBEE et al., 2014; POONPET & HONSAWEK, 2014).

Entretanto, alguns pesquisadores sugerem que o mecanismo fisiopatoldgico relacionado
a osteoporose, seja outro, € que esse, envolva o crescente acimulo de gordura dentro da medula
Ossea, conhecida por afetar a diferenciagcdo e fungdo dos osteoblastos, a0 mesmo tempo, que
aumenta a atividade osteoclastica e afeta ainda mineralizacdo 6ssea (GUNARATNAM et al.,
2014; WAUQUIER et al., 2013).

Nesse sentindo, um estudo, que utilizou tomografia computadorizada para avaliagdo da
gordura visceral e DMO, demonstrou que a gordura na medula 6ssea se correlacionava
positivamente com a gordura visceral e negativamente com o fator de crescimento da insulina
tipo I (insulin-like growth factor- IGF-1) em mulheres com obesidade. Os autores sugerem que
os efeitos prejudiciais da gordura visceral sobre a saude 6ssea poderiam ser mediados, em parte,
pelo acumulo de gordura na medula dssea, estabelecendo uma relagdo entre obesidade central
e osteoporose (BREDELLA et al., 2011).

Em uma meta-andlise que incluiu estudos observacionais, avaliando 398.610 mulheres,
baixos valores de IMC foram associados com maior risco de fratura de quadril e menor risco
de fraturas osteoporoticas, fratura de tibia e fibula, antebraco distal e brago (resultados ajustados
para a DMO). Enquanto, valores elevados de IMC foram associados com maior risco de fratura
na parte superior do braco (imero e cotovelo) e de todas as fraturas osteopordticas
(JOHANSSON et al., 2014).

Outro ponto a ser considerado ¢ a redug¢do de peso dos obesos, pois essa leva a

diminuicdo dos niveis circulantes de estrogénio, promovendo aumento da atividade
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osteoclastica, elevando niveis de citocinas como, IL-1, IL-6 ¢ TNFa. Outra alteragdo a ser
observado diz respeito a restri¢do alimentar com a ingestdo inadequada de célcio e proteina,
influenciando assim o eixo Calcio-PTH com aumento na atividade osteoclastica (SHAPES &
RIEDT, 2006).

A leptina uma das citocinas mais importantes hiper-secretada pelo tecido adiposo de
obesos, parece explicar a maior parte dos efeitos que a gordura tem sobre o osso. Por meio do
envolvimento direto ou indireto com a remodelacdo Ossea, desempenhando um papel
significativo em muitas doengas 6sseas, como osteoporose, osteoartrite, obesidade sarcopénica,
artrite reumatica, tumores 0sscos ¢ at¢ mesmo fraturas (JAFARI-NASABIAN et al., 2017,
ILICHI et al., 2016; CHEN; YANG et al., 2015).

A hiperglicemia, outra alteragdo comum em obesos graves, afeta o esqueleto em ambos
os niveis da matriz ¢ssea celular e extracelular. Estudos in vitro tém demonstrado que elevados
niveis de glicose aumentam a diferenciacao/fusdo de osteoclastos, resultando em um ambiente
de maior reabsor¢ao. A nivel tecidual, a hiperglicemia afeta a matriz 6ssea organica através do
acumulo de produtos finais de glicagdo avancada (AGEs) que levam a menor resisténcia dssea
(GIMBLE & NUTALL, 2012; CAO, 2011).

De fato, o tecido adiposo apresenta complexas relagdes bioquimicas e hormonais,
interagindo com diversos sistemas e aparelhos. A relagdo “gordura e 0sso” necessita de mais
investigacdo. Nos ultimos anos, além da intera¢do entre tecido adiposo e metabolismo dsseo,
vem sendo ressaltada a possivel relagdo desses com DHGNA, que também ¢ muito comum
entre obesos graves, que cursam com alteragdes de marcadores 6sseos e metabdlicos (TOVO

et al., 2017; LEE et al., 2016; TARGHER et al., 2015).

2.4 Obesidade e DHGNA

A obesidade esté relacionada com o espectro das alteragdes hepaticas conhecidas como
DHGNA (CHOI et al., 2017; PUJIA et al, 2016). Os individuos com DHGNA tém até 4,4
vezes mais chance de desenvolver hepatocarcinoma que a populagdo em geral e essa estimativa

piora quando est4 associado a obesidade (HEINRICH et al., 2017).

2.4.1 Relagao entre tecido adiposo e patogénese da DHGNA

A patogénese da DHGNA tem relagdao com os produtos liberados pelo adipécito como,

a leptina, o TNFa, a resistina, o angiotensinogénio, além da producdo de AGL. A leptina

49



Revisdo da Literatura

aumentada tem relacdo com a fibrogénese da doenga (FABBRINI et al., 2010). Chitturi et al.
(2002) estudaram niveis de leptina em individuos obesos com esteatose comparados com grupo
normal e observaram que a leptina, o peptideo C e a idade foram fatores preditores
independentes da gravidade da esteatose, mas ndo da inflamag@o ou fibrose. No estudo de
Chalasani et al. (2003) a maior secrecao de leptina esteve associada com a progressdo da
DHGNA.

O TNF-a esta aumentado em individuos obesos e diabéticos ¢ o responsavel pelo
aumento da RI comprometendo moléculas sinalizadoras de agio (BLOOMGARDEN, 2017;
ABEVANOLI et al., 2016; BARROS et al.,, 2016; LEITE et al, 2014). A resistina esta
associada a RI (BERKA & VERNA, 2016), ao aumento da produgdo hepatica da glicose e a
diminui¢do da captagdo pelo adipdcito in vitro (PAN et al., 2015). A adiponectina tem relacao
inversa com tecido adiposo visceral e positiva a sensibilidade de insulina (SI). Assim, em
pacientes com DHGNA, sdo encontrados niveis baixos de adiponectina, a qual estimula a
utilizagdo e a oxidagdo de glicose pelo figado por ativagdo da proteina quinase acionada pela
monofosfato de adenosina (AMPK) (DONGIOVANNI et al., 2015). Conforme observado a
obesidade tem forte associagdo a DHGNA. Na distribui¢ao central de gordura corporal ha maior
RI e maior produgdo de AGL

O principal mecanismo envolvido na DHGNA ¢ a RI. Quando ha RI, os tecidos adiposo,
muscular e hepatico tornam-se ineficientes para metabolizar a glicose e acidos graxos (AQG),
levando ao aumento dos AGL circulantes, que em seguida, inibem a captacdo periférica da
glicose induzida pela insulina, agravando ainda mais a RI (CHOI et al., 2017; ANGULO, 2002).
Em resumo, a produgdo de TG pelo hepatocito estd aumentada (lipogénese hepatica), a beta-
oxidagdo estd diminuida e a secrecdo de VLDL (very low-density lipoprotein) também. Todos
esses eventos culminam na esteatose hepatica (EH), que por defini¢ao histologica, se caracteriza
pelo acimulo de gordura em mais de 5% dos hepatocitos (FARREL et al., 2012; HUBSCHER,
2006). Para que se possa caracterizar a DHGNA, o critério mais aceito ¢ a ingestdo de menos
de 140g de élcool por semana para homens e 70g de alcool para mulheres (CHALASANI et al.,
2012).

As alteragdes de enzimas hepaticas, métodos de imagem mostrando a presenca da
esteatose e a exclusdo de outras doengas do figado sdo por vezes considerados como critérios
clinicos de diagnostico. Contudo, somente a bidpsia hepatica ¢ capaz de demonstrar o

estadiamento da doengca (ABENAVOLI et al., 2016).
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Todas as citocinas produzidas pelo tecido adiposo, em especial, Lep, Res,
angiotensinogénico, TNFa e interleucinas que levam a RI, estdo envolvidas na patogénese da
DHGNA (POLYZOS et al., 2016; WREE et al., 2011).

A obesidade central esta mais relacionada a progressdo da DHGNA por estar associada
ao acumulo de gordura nos 6rgdos abdominais. O tecido adiposo visceral (TAV) ¢ mais
predisposto a lipdlise devido a sua menor sensibilidade a insulina, maior sensibilidade a
glicocorticdides e maior nimero de receptores adrenérgicos (YOO et al.,, 2010). Os AGL
liberados a partir dessa lipdlise sdo usados pelo figado como uma importante fonte de energia.

Outro mecanismo que também pode estar envolvido na progressio da DHGNA esta
relacionado a leptina. Uma revisdo sistematica e meta-analise (POLYZOS et al., 2016) que
incluiu 2612 individuos (775 controles e 1837 pacientes com DHGNA) relataram que foram
observados niveis circulantes de leptina mais elevados na esteatose do que nos controles,
sobretudo naqueles que tinha a DHGNA em maior gravidade.

Nos estudos que incluiram individuos com obesidade, os niveis séricos de leptina
também estavam elevados, especialmente naqueles que eram obesos com o diagndstico de
DHGNA. Esses achados sugerem que tais pacientes sejam resistentes a acao desta adipocina.

A hipotese ¢ que a leptina participe de etapas importantes no desenvolvimento da
DHGNA. Acredita-se que a leptina ao estimular a desfosforilagdo do receptor do substrato de
insulina e a redu¢do da gliconeogénese, possibilite o desenvolvimento da EH. Além disso, a
leptina por ter uma agao pro-inflamatoria, ¢ capaz de aumentar a secre¢ao de TNF-a, IL-6 e IL-
12, contribuindo para maior inflamagdo favorecendo o agravamento da doenca até a fibrose

hepatica (BEKAERT et al., 2016; POLYZOS et al., 2016; ABENAVOLI; PETA, 2014).

2.4.2 DHGNA: aspectos epidemiolodgicos, etiologicos e fisiopatoldgicos

O espectro da DHGNA ¢ uma condigao clinica patologica que alcanga desde a esteatose
hepatica (acumulo de acidos graxos no figado) ndo alcodlica, em que ndo ha mudangas
inflamatorias, até a esteato-hepatite nao alcodlica (EHNA), caracterizada por resposta
inflamatoria e lesdo dos hepatdcitos, com ou sem fibrose (CHALASANI et al., 2012; FARREL
et al., 2012). Quanto a progressdo da esteatose para esteato-hepatite essa ¢ microscopicamente
caracterizada por acimulo de gordura, inflamacao e balonizagdo dos hepatocitos, corpusculos
de Malllory e fibrose (CHALASANI et al., 2012). Nem todos evoluem para esteato-hepatite,

contudo vérios fatores (genéticos, ambientais, citocinas inflamatorias, peroxidacdo lipidica e
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disfun¢ao mitocondrial) parecem estar envolvidos e vem sendo amplamente investigados. Nos
dias atuais, representa a doenga hepatica mais comum no ocidente (FAZEL et al., 2016).

Os dados sobre prevaléncia da DHGNA variam de acordo com a casuistica e
metodologia para seu diagnostico. Entretanto, ¢ sugerido que a doenga afete cerca de 6 a 45%
da populacdo mundial, sendo maior, 70%, em pacientes com diabetes mellitus tipo 2 e chegando
a 90% em obesos graves com dislipidemias e RI (FAZEL et al., 2016; OKUR; KARACAER,
2016; PAPPACHAN et al., 2014).

Em paises ocidentais, esta presente em mais de 30% da populacdo (LOOMBAR &
SANYAL, 2013; BROWNING et al., 2010) e nas populacdes asiaticas varia de 6% a 25%
(FAN, 2007). No Brasil, a frequéncia da DHGNA na populagdo em geral ¢ desconhecida,
entretanto, em estudos em que pacientes foram avaliados por bidpsia hepatica e/ou
ultrassonografia abdominal, a frequéncia da doenga foi de 96% (FEIJO et al., 2013), 64 %
(BARROS et al., 2016), 43 %(VILAR et al., 2015) e 38% (DE SOUZA et al., 2014), estando
de acordo com os dados de prevaléncia conhecidos em outros paises.

Diversos autores ja demonstraram que a DHGNA tem forte associacdo com varias
doencas, como, diabetes mellitus (BLOOMGARDEN, 2017; LEITE et al., 2014), obesidade
(CHOI et al., 2017; MACHADO; CORTEZ-PINTO, 2016), doengas cardiovasculares, (BREA
et al., 2017; VILAR et al., 2015), sindrome metabolica (BALESTRI ez al., 2016; BARROS et
al., 2016; ERASLAN et al., 2013) entre outras.

A etiologia da doenga ¢ multifatorial e inclui fatores genéticos (ex: polimorfismo de
novos marcadores genéticos como variantes do PNPLA3) (SEVERSON et al., 2016), dietéticos
(ex: frutose), RI (POLYZOS et al., 2009) e adipocinas (POLYZOS et al., 2016) bem como
outros com potencial associacdo, mas que dependem de ativag¢ao, como € o caso, dos disruptores
metabodlicos (POLYZOS et al., 2015) e da propria disbiose que pode ocorrer na microbiota
intestinal (DOLBERIS et al.,, 2017; BASHIARDES, 2016; POLYZOS et al., 2012).

A patogénese da DHGNA também esta relacionada a varios mecanismos (Figura 9),
entretanto, ainda ndo estd bem esclarecida. Tem sido associada principalmente a RI no figado
e no tecido adiposo (CHOI et al., 2017).

No figado existe a diminuicdo de 50% da depuracdo da glicose e incapacidade de
diminuir a producao de glicose hepatica. No tecido adiposo, ocorre uma alteracdo na inibi¢ao
de AGL, diminuicdo da captagdo da glicose e inibi¢cdo da oxida¢ao de gorduras (ABEVANOLI
et al., 2016; FABBRINI et al., 2010).

Portanto, as primeiras alteragcdes que levam ao acuimulo de gordura no figado consistem

na modificacdo da captacdo, sintese e degradacdo ou secrecdo das moléculas de gorduras
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decorrente da RI, que pode ser causada por obesidade (FEIJO et al, 2013), diabetes
(BLOOMGARDEN, 2017), fator genético (ANSTEE et al, 2016; POLYZOS &
MANTZOROS, 2015) entre outros.

A RI sistémica, que parecer ser o principal determinante da patogénese ocorre
independentemente de fatores como, peso, percentual de gordura corporal e visceral (BERKA
& VERNA, 2016). E dessa forma, a oferta de AGL aumenta, especialmente quando houver
elevacdo da gordura visceral, excesso de lipideos da dieta, aumento da sintese de AGL pelo
proprio figado e redugdo da sintese e/ou secrecdo de lipideos como a lipoproteina de muito
baixa densidade (VLDL). Todos esses eventos, somado ao excesso de ferro intra-hepéatico, que
representa um cofator de estresse oxidativo na progressio da DHGNA, culminam na EH
(GAMBINO et al.,, 2016; MACHADO; CORTEZ-PINTO, 2016).

O excesso de AGL dentro do hepéatocito faz com que seja extrapolada a capacidade
funcional e metabolica da mitocondria, levando a disfungdo da biogénese mitocondrial,
cursando com resposta inflamatéria, formagdo de espécies reativas de oxigénio (EROs) e
indugdo do citocromo P450 2E1 (CYP2E1) (LIU et al., 2017; FARREL et al., 2012).

Além de toda a cascata de eventos com liberagdo de marcadores inflamatorios, que
afetam diversos tecidos, dentre eles, adiposo e muscular (FABBRINI et al., 2010), um estudo
recente (LIU et al., 2017) sugere que os pacientes com esteatose que apresentem expressiao

maior do citocromo P450 2E1, evoluam mais facilmente para EHNA.

2.4.2 DHGNA: diagnostico e tratamento

Na maioria das vezes o diagnodstico ndao pode ser realizado nos estagios iniciais da
doenga em funcdo da mesma progredir de forma silenciosa, por ser assintomatica ou com
sintomas inespecificos.

Em muitos casos o diagndstico ¢ dado pela elevacdo das enzimas hepdticas (aspartato
aminotransferase — AST, alanina aminotransferase — ALT e Gama Glutamil Transpeptidase —
GGT), alteracdo de marcadores metabolicos (perfil lipidico sérico, acido trico, microalbumina
na urina, PCR, fibrinogénio, PAI-1 e FA) e através de ultrassonografia (US) ou tomografia de
abdomen em exames de rotinas para avaliar outras comorbidades. Outro método diagnostico
utilizado € a biopsia hepatica, que avalia melhor o estadiamento da DHGNA. Possibilita avaliar
os graus de esteatose e fibrose e identificar alteragdes necroinflamatorias (BARROS et al,

2016; BRUNO et al., 2014; SCHWERGER et al., 2014; FABBRINI et al., 2010).
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Segundo Vajro et al. (2012) as defini¢des clinicas patologicas da esteatose hepatica, sao:
a) DHGNA: Doenga hepética gordurosa nao alcoolica, que ¢ a forma mais benigna da doenga,
o estagio 1, ou esteatose simples, com leve inflamagao; ou termo resumido para todo o espectro
da doenga; b) Esteato-hepatite ndo alcodlica (EHNA), o segundo estagio da doenca. E a
esteatose hepato celular macro-vesicular com inflamacdo portal, com ou sem fibrose portal, na
auséncia de balonizagdo e fibrose perissinusoidal; c¢) Cirrose: ¢ o estdgio mais avangado da
fibrose - estagio 3 (fibrose estendida até os portais adjacentes, fibrose em ponte) e estagio 4, ou
seja, cirrose, com perda da estrutura normal do figado.

No que se refere ao tratamento, apesar de ndo haver ainda um padrdo, esse inclui
mudancas muito semelhante aquelas propostas para o tratamento de outras DCNTs como a
obesidade, com alteragdes de habitos de estilo de vida, que incluem dieta com consumo de
alimentos fontes de antioxidantes principalmente, pratica de exercicios, favorecendo assim a
melhora do estado nutricional do paciente, com perda de peso (na maioria dos casos) e aumento
da aptidao fisica, favorecendo os pardmetros metabdlicos como RI, glicemia, lipemia, fungao
hepatica e outros marcadores inflamatorios.

Entretanto, dependendo da gravidade da doenca, ainda sdo indicados os tratamentos
farmacoldgicos e intervencdo cirurgica, especialmente quando a DHGNA estd associada a
obesidade grave, o que ¢ muito frequente (ABESO, 2016; RINELLA, 2015; PEARLMAN &
LOOMBA, 2014; MAFA & LOTERSZTAIN, 2013)

Com os avangos das pesquisas e falta de intervengdes terapéuticas padronizadas para o
tratamento da doenca hepatica gordurosa, alguns novos agentes que ativam ou inibem a
sinalizagdo de receptores nucleares como os PPAR-0, PPAR-B/8, PPAR-y, FXR e LXR tém
sido sugeridos como promissores € possiveis alvos terapéuticos, por estarem envolvidos na
modulacdo da homeostase dos nutrientes e de energia. Uma recente revisao, trouxe os principais
achados sobre as fungdes desses receptores na patogénese da doenga hepatica gordurosa, em
especial da DHGNA, e propds uma discussdo sobre as perspectivas futuras para desenvolver
estratégias farmacologicas eficazes dirigidas a esses alvos (TANAKA et al., 2017). Tudo tendo
como base a relagdo existente entre o eixo figado-cérebro-intestino.

Com relacdo a esse eixo, estudos ressaltam a importancia da microbiota intestinal nos
mecanismos de progressdo dessa doenga e, portanto, sinalizam que a microbiota seja mais um
alvo nas estratégias de tratamento da doenca. Nesse sentido, algumas intervengdes como o
consumo de alimentos fontes de fibras, amido resistente, prebidticos e uso de probidticos entre

outros, vém sendo considerados como parte da terap€utica no espectro das condutas dietéticas
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a serem adotadas para pacientes com DHGNA (DOLBERIS et al., 2017, BASHIARDES,
2016).

2.4.2.1 DHGNA e vitamina D

A presenga de deficiéncias nutricionais ¢ frequente principalmente no quadro de
obesidade (RAMALHO, 2009). A DVD merece destaque nesse sentido, pois guarda relacao
ndo s6 com a obesidade como também com a progressdao da DHGNA (GONZALEZ-MOLERO
et al., 2013), cuja prevaléncia em pacientes obesos graves excede os 90% (CHALASANI et al.,
2012; PRAVEENRA et al., 2007).

Gonzalez-Molero et al. (2013) em estudo realizado com pacientes com obesidade classe
III confirmaram que DVD parece ser fator de risco para obesidade. Os individuos com
obesidade, inclusive os que apresentam doengas hepaticas sdo mais susceptiveis a deficiéncia e
a insuficiéncia de vitamina D. No estudo de Eraslan et al. (2013) isso pode ser explicado, uma
vez que, a nivel hepatico, ha uma alteracao na sintese de 25(OH)D pela presenca de EH,
frequente nesses individuos.

Em se tratando dos individuos com obesidade grave ou classe III esses sdo os que mais
apresentam maior inadequagado da vitamina D, e isso pode ser devido a exposicao solar limitada,
resultante de alteragdes no estilo de vida, que incluem uso de roupas mais fechadas, perda da
mobilidade e redugdo do nivel de atividades ao ar livre. As concentragdes séricas de 25(OH)D
variam inversamente em relacdo ao IMC, esse fato ¢ atribuido a lipossolubilidade desse
horménio e sua biodistribuicdo no tecido adiposo (WIMALAWANSA, 2016; CHESNEY,
2012).

Apesar da relacdo entre a DHGNA e a vitamina D ndo esta totalmente esclarecida, em
ensaio clinico realizado com pacientes adultos, foi mostrado que a vitamina D desempenhou
um papel importante na regulagdo de estresse oxidativo, reduzindo os marcadores de
inflamacao hepatica (SHARIFI et al., 2014), e em estudos com animais (ROTH et al., 2012)
através da producdo de citocinas pro-inflamatorias. Outros estudos também experimentais ja
demonstraram o papel importante da vitamina D na fibrose hepatica (POTTER et al., 2013).

Em um estudo recente (LI et al., 2017) a 1,25(OH)D3 vitamina foi utilizada de forma
eficiente na terapéutica contra esteato-hepatite induzida por autofagia em camundongos que
foram alimentados com uma dieta hiperlipidica por 4 semanas. Houve redugdo dos marcadores
de inflamagdo e do metabolismo lipidico no figado gorduroso dos camundongos avaliados. Os
autores sugerem que o mecanismo de prote¢do observado, seja explicado pelo papel
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imunomodulador e regulador da vitamina D nas vias da homeostase intracelular em respostas a
diferentes fatores de estresse oxidativo.

Rubén Diez Rodriguez et al. (2014) avaliaram a bidpsia hepatica de 110 pacientes
submetidos a cirurgia baridtrica, um dos objetivos era analisar a relacdo da histologia hepatica
com vitamina D e marcadores renovagao ossea (PTH, osteocalcina e colagénio carboxi-terminal
de ligacao cruzada). Foi observado que apesar de 70% dos pacientes terem apresentados baixas
concentragdes de vitamina D ou hiperparatiroidismo secundério, nenhum dos componentes da
histologia hepatica foi associado com a vitamina D ou com os pardmetros do metabolismo
6sseo. Assim, neste estudo ndo se evidenciou essa relacdo da vitamina D com a DHGNA.

Uma meta-analise observou que os pacientes com DHGNA apresentaram 1,26 vezes
mais probabilidade de serem deficientes em vitamina D (IC 95%: 1,17-1,35). Contudo, em 14
estudos analisados ndo encontraram associacdo entre os niveis de vitamina D e a progressao da
DHGNA. (LI et al.,, 2013; KATZ et al, 2010). E apenas em quatro dos dezessete estudos
incluidos nessa meta-analise, a DHGNA foi diagnosticada por biopsia hepatica, ou seja, isso
pode ter influenciado os resultados em razao da forma como se avaliou o grau de estadiamento
da doenca.

Recentemente, outra revisdo e meta-analise reuniu 6 estudos, totalizando 974 pacientes
com DHGNA. E notou que ndo houve diferenca entre os niveis de 25(OH)D quando comparado
com os graus de gravidade histologica da DHGNA avaliado por escores de fibrose (NAS).
Concluindo, que ndo hé qualquer relagao, entre as concentragdes de 25(OH)D com o grau de
estadiamento da DHGNA (JARUVONGVANICH et al., 2017).

E indiscutivel os avangos no campo da pesquisa, especialmente em relagdo ao papel da
vitamina D em diversos tecidos, dentre esses, o figado. Contudo, em virtude das informagdes
disponiveis at¢é o momento, outras investigacdes sdo necessarias para fornecer mais
informagdes sobre novos mecanismos na fisiopatologia DHGNA, quando associada a

deficiéncia de vitamina D.

2.4.2.2 O Fenotipo OMS e DHGNA

A obesidade e a DHGNA possuem forte correlagdo como descrito anteriormente. Nos
ultimos anos, crescem o nimero de evidéncias que investigam a associac¢ao do fenotipo da OMS
com a DHGNA.

Chang et al. (2016) observaram em estudo retrospectivo que a incidéncia da DHGNA
se associou positivamente com o IMC, evidenciando a sua forte relagdo com a obesidade e que
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o fenotipo OMS, independentemente de anormalidades metabdlicas, pode aumentar o risco de
DHGNA. Um estudo transversal, que reuniu 1040 pacientes com DHGNA, e incluiu 428 desses
pacientes na pesquisa avaliou a presenga de fibrose hepatica entre OMS e OMNS e observaram
que os OMS apresentaram prevaléncia (16,25%) significativamente menor de fibrose hepatica
avangada que os OMNS (28%) (GUTIERREZ-GROBE et al., 2017).

Min-Kyung et al. (2015) em estudo prospectivo, observaram que o risco de
desenvolvimento de DHGNA foi mais elevado (OR, 2,862) em individuos que eram
metabolicamente ndo sauddveis (MNS), tanto no inicio do estudo como apds 4 anos de
segmento, em comparacdo com individuos que se mantiveram metabolicamente saudaveis
(MS) durante o periodo de acompanhamento, estudando o grupo dos individuos com sobrepeso
MS como referéncia, a razdo de chance (OR) para desenvolver a doenga foi (1,731) para os
OMS, (1,877) para aqueles com sobrepeso MNS e (2,501) para os OMNS. E concluiram que o
risco de desenvolver DHGNA foi menor para os OMS que em individuos OMNS.

Recentemente, em estudo de coorte retrospectivo, reuniu 14.093 japoneses (7557
homens e 6736 mulheres) e, incluiu individuos com sobrepeso e obesidade, considerando
quatro fatores metabolicos (diminui¢do da glicemia de jejum, hipertensdo arterial sistémica,
hipertrigliceridemia e baixa concentragdo de lipoproteina-colesterol de alta densidade (HDLc)
para a defini¢do do fen6tipo OMS (menos de dois fatores) ou metabolicamente ndo saudaveis
(MNS) (dois ou mais). Foram divididos em: sobrepeso MNS (9755 individuos), sobrepeso MS
(2547 individuos) e OMS (1791 individuos), a DHGNA foi diagnosticada por ultrassonografia
de abdomen. E os achados mostraram que a EH teve um impacto clinico na progressao do
sobrepeso metabolicamente saudavel para metabolicamente nao saudavel (HASHIMOTO et
al., 2017).

No entanto, apesar de algumas evidéncias sugerirem que o fendtipo MS se comporte de
maneira diferente em relagdo as variaveis metabdlicas importantes para progressao da DHGNA,
possivelmente protegendo de graves alteragcdes aqueles considerados como OMS, alguns
mecanismos nao estdo esclarecidos, e, portanto, mais estudos sdo necessarios para elucidar os

questionamentos que permanecem.
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3. JUSTIFICATIVA

Considerando o aumento progressivo da prevaléncia de obesidade (classe III) em adultos,
sua importancia clinica frente as complicagdes Osseo-metabodlicas e ao agravamento da
DHGNA, parece importante, investigar se esses individuos classificados em OMS poderiam
estar mais protegidos dessas complicacdes.

Até o momento, ha escassez de estudos com proposito de avaliar um conjunto de
marcadores do metabolismo 6sseo e sua relagdo com outras variaveis bioquimicas (incluindo
as relacionadas a funcdo e lesdo hepatica) e indicadores antropométricos em adultos com
diagnostico de obesidade classe 111, classificados pelos fendtipos OMS e OMNS que cursem

com DHGNA em seus diferentes graus de estadiamento.
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4. PERGUNTA DO ESTUDO E HIPOTESES

4.1 Pergunta

O fenotipo OMS atua como fator de protecdo para alteracdes nas concentragdes plasmaticas de
marcadores do metabolismo 0sseo e enzimas hepaticas, de acordo com grau de estadiamento

da DHGNA em adultos obesos classe I11?

4.2 Hipoteses

Hipotese Nula (H0): O fenotipo OMS nao protege de alteragdes nas concentragdes plasmaticas
de marcadores do metabolismo 6sseo e enzimas hepaticas, de acordo com grau de estadiamento

da DHGNA em adultos obesos classe I11.

Hipotese Alternativa (H1): O fenotipo OMS protege de alteracdes nas concentragdes
plasmaticas de marcadores do metabolismo 6sseo e enzimas hepaticas, de acordo com grau de

estadiamento da DHGNA em adultos obesos classe 111
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5. OBJETIVOS

5.1 Objetivo Geral

Avaliar os marcadores de metabolismo 6sseo e as enzimas hepaticas em adultos com

obesidade classe 111, classificados segundo os fenotipos OMS e OMNS.

5.2 Objetivos especificos

Classificar adultos com obesidade classe III de acordo com os fenétipos OMS e OMNS

usando o critério preconizado pelo NCEP ATPIII

Caracterizar as varidveis clinica, bioquimica e antropométrica em adultos com

obesidade classe 111, de acordo com os fen6tipos OMS e OMNS

Comparar as principais alteracdes plasmaticas e status nutricional dos marcadores de
metabolismo dsseo em adultos com obesidade classe III de acordo com os fendtipos

OMS e OMNS.

Determinar a razdo de chance para alteragdo dos marcadores dsseos de acordo com os

fenotipos OMS e OMNS

Correlacionar os marcadores de metabolismo 6sseo com IMC, VAI, HOMA-IR, PCR ¢

leptina sérica segundo os fenotipos OMS e OMNS

Analisar a relacdo entre marcadores de metabolismo 0sseo e enzimas hepaticas (prova
de funcao e lesdo hepatica) considerando diferentes graus de estadiamento da DHGNA,

segundo os fendtipos OMS e OMNS
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6. CASUISTICA E METODOS

6.1 Desenho do estudo

Trata-se de estudo descritivo, observacional do tipo transversal. E uma parte do projeto
mais amplo intitulado “Avaliagdo do estado nutricional de micronutrientes em individuos com
obesidade grave submetidos a Gastroplastia Redutora em Y de Roux”, sob a responsabilidade
do Nucleo de Pesquisa em Micronutrientes - NPqM, do Instituto de Nutri¢ao Josué de castro -

INJC da Universidade Federal do Rio de Janeiro - UFRJ.

A amostra estudada composta de adultos com diagnostico de obesidade grave (Classe
III), no periodo pré-operatorio foi obtida por conveniéncia e a sub-amostra com dados de
bidpsia hepatica, no periodo pos-operatdrio, por amostragem sistematica. A coleta de dados
ocorreu no periodo de novembro de 2014 a julho de 2016, no Centro Multidisciplinar de

Cirurgia Bariatrica e Metabolica (CMCBM) no municipio do Rio de Janeiro — RJ.

Para classificagdo do fenotipo da obesidade metabolicamente saudavel (OMS), o critério
utilizado foi o proposto pelo Third Report of the National Cholesterol Education Program
Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults
(NCEP ATPIII) (GRUNDY et al., 2004). Foi considerado como obeso metabolicamente nao
saudavel (OMNS) aqueles que apresentavam alterados >3 dos 5 critérios seguintes: (1)
perimetro da cintura (PC) > 102cm para homens e > 88cm para mulheres; (2) glicemia de jejum
>100 mg/dL; (3) triglicerideos em jejum >150 mg/dL; (4) High Density Lipoprotein (HDL) <
40mg/dL para homen s e < 50mg/dL para mulheres; e (5) Pressdo Arterial > 130/ > 85 mmHg.

6.1.1 Critérios de inclusio e exclusao

O estudo investigou individuos adultos de ambos os sexos com IMC > 40 kg/m?
(diagnosticados com obesidade classe III) e idade >20 e < 60 anos. Os critérios de exclusdo
foram: gravidez ou lactagdo, historia e / ou presenca de doenga renal cronica (definida pela taxa
de filtragdo glomerular estimada (TFG) <60 mL / min / 1,73 m?), doengas hepaticas (exceto
doenga hepatica gordurosa ndo alcodlica) (NAFLD), sindrome do colon irritdvel, cirurgias
restritivas e disabsortivas prévias, neoplasias, ingestdo alcoolica superior a 20g / dia para

mulheres e 40g / dia para homens, uso de suplementos multivitaminicos e minerais.
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6.2 Questoes éticas

O estudo foi aprovado pelo Comité de Etica em Pesquisa (CEP) do Hospital
Universitario Clementino Fraga Filho (Anexo 1), sob parecer n. 011/06-CEP. A inclusdo dos
pacientes elegiveis ao projeto foi realizada mediante autoriza¢ao formal, por meio de assinatura
do Termo de Consentimento Livre e Esclarecido (TCLE) (Anexo 2). Todos os pacientes, no
momento da consulta com a nutricionista/pesquisadora do CMCBM, foram informados sobre
os objetivos, procedimentos do projeto, incluindo riscos e beneficios de acordo com a
Resolucao n°® 196 do Conselho Nacional de Saude, legislacao vigente da aprovagdo do projeto.
Na ocasido foi esclarecido aos pacientes que seus prontudrios poderiam ser selecionados para
estudo posteriormente, porém s6 seriam utilizados caso houvesse autorizacdo por meio da

assinatura do TCLE e essa ndo seria obrigatoria.
6.3 Coleta de dados e Métodos

A coleta de dados, na primeira etapa foi realizada com auxilio de formulario (Anexo 3),
previamente testado e desenvolvido para o estudo, preenchido por um tUnico entrevistador
(nutricionista/pesquisadora) no momento da consulta nutricional ocorrida no CMCBM. Todas
as informagdes coletadas foram inseridas nos prontuarios dos pacientes. O segundo momento,
ocorreu, quando a pesquisadora do NPQM/ UFRIJ consultou e selecionou o banco de dados com

os prontuarios dos pacientes do CMCBM elegiveis para seu estudo.

Os sujeitos que compunham a amostra foram submetidos as avaliagdes clinica,
antropométrica e bioquimica, além de terem respondido questdes relacionadas aos seus habitos
de préatica de atividade fisica e exposicao solar. Todas as andlises foram realizadas de acordo

com os métodos a seguir.
6.3.1 Avaliacao Clinica

As variaveis clinicas consideradas foram aquelas determinadas pelas frequéncias da

DHGNA e hipertensao arterial sist€émica (HAS) da amostra estudada.

O protocolo adotado para medida de pressdo arterial (PA) seguiu as recomendagdes
internacionais, tendo que estar o sujeito de bexiga vazia, ndo cruzar as pernas, ndo fumar uma
hora antes das medidas ¢ ndao conversar no momento da aferi¢do. Realizou-se a medida da PA

por método indireto sendo utilizados tensiometros portateis (marca OMRON HEM 705 CP),
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com bragadeiras adequadas a medida da circunferéncia braquial do paciente, com alcance de 0

a 300 mmHg e precisdo de + 3 mmHg.

Todas exigéncias técnicas para adequada obten¢do da PA, bem como a defini¢do do
ponto de corte igual ou acima de 130/85 mmHg ja considerado pré-hipertenso, seguiram o
critério NCEP ATP III (GRUNDY et al., 2004), obedecendo também as especificacdes das VII
Diretrizes Brasileiras de Hipertensdao Arterial — (SOCIEDADE BRASILEIRA DE
CARDIOLOGIA - SBC, 2016). O diagnéstico de HAS foi realizado por um médico

especializado durante as consultas pré-cirurgia.

O diagnostico de DHGNA foi determinado por uma ultrassonografia abdominal
completa, conduzida por um tnico médico com experiéncia em diagndstico por imagem,
seguindo a metodologia proposta por Pratt & Kaplan (2002) usando uma unidade C display,
Philips® 2-5 MHz Convex transdutor (Barueri, S3o Paulo, Brasil). E por meio de bidpsia

hepatica realizada por laparoscopia no momento da cirurgia bariatrica.

A avaliagdo histologica, referente a biopsia hepatica, foi realizada pela retirada de 4 mm
de espessura do lobo esquerdo do figado por punc¢io usando com agulha Menghini de 16G x 15
cm (Euromed, Minas Gerais, Brasil). As avaliagdes histoldgicas globais foram realizadas pelo
mesmo patologista, que ndo teve conhecimento dos dados bioquimicos e clinicos dos pacientes,
pela coloragdo de partes por hematoxilina-eosina, tricromo de Masson e mancha azul prusiana
de Perls (Interlab, Sao Paulo, Brasil). O hematoxilina-eosina permite visualizar de forma geral
a arquitetura acinar, infiltrados inflamatorios e alteragdes em hepatdcitos. O Masson verifica a
presenca de fibrose, seja portal, peri-sinusoidal ou ao redor de veias centrolobulares. Ja o Perl's

verifica a presenca de depositos de ferro (BRUNT et al., 1999).

A classificagio da DHGNA e o estadiamento da fibrose hepatica foram estabelecidos
de acordo com a proposta de Brunt et al. (1999). A classificacdo (Quadro 1) foi realizada
considerando a presenca de esteatose macro-vesicular (esteatose simples) e atividade necro-
inflamatoria (presenca de EHNA). O estadiamento da fibrose foi realizado em individuos com

EHNA, conforme Quadro 2.
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Quadro 1. Classificacdo da Doenga Hepatica Gordurosa Nao Alcoolica (DHGNA).

Classificacao da DHGNA

Grau 0: sem esteatose;

Grau 1 (leve): <33% de acumulacdo de gordura em

Esteatosemacro-vesicular | hepatocitos;

Grau 2 (moderado): entre 33% e 66% dos hepatdcitos

afetados;

Grau 3 (grave): > 66% dos hepatdcitos afetados.

Grau 0: sem esteatose;

Atividade Grau 1 (leve)
necroinflamatoria Grau 2 (moderado)
(EHNA) Grau 3 (grave)

Fonte: BRUNT et al., (1999).

Quadro 2. Estadiamento da Esteatose hepatica gordurosa ndo alcoolica (EHGNA).

Estadiamento da EHGNA

Estagio 0: sem esteatose;

Estagio 1: presenca de fibrose pericelular ou perisinusoidal na

Zona 3, focal ou extensa;

Fibrose hepatica | Estagio 2: presenga de fibrose pericelular ou perisinusoidal na

Zona 3 associada a presenca de fibrose periportal focal ou extensa;

Estagio 3: presenca de fibrose pericelular ou perisinusoidal na

Zona 3 e pontes fibroticas focais ou extensas;

Estagio 4: cirrose.

Fonte: BRUNT et al. (1999).
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6.3.2 Avaliagdo antropometria e da pratica de atividade fisica

A avaliagdo antropométrica foi realizada por avaliador tnico (Nutricionista), durante a
consulta de rotina, pré-cirurgia bariatrica dos pacientes. E, incluiu a medida de massa corporal
(Kg) e altura (cm) para célculo do Indice de Massa Corporal (IMC) de acordo com WHO
(2000), o perimetro da cintura (PC), mensurado com base em Lohman et al. (1988), com pontos
de cortes segundo NCEP ATP III (GRUNDY et al., 2004) e o indice de adiposidade visceral
(VAL, Visceral Adiposity Index), que além de dados antropométricos, considera varidveis
bioquimicas, sendo estimado de acordo com Amato et al. (2010). Todas as mensuragdes foram

realizadas em duplicata, com variagdes aceitas até 0.5 cm (para PC e altura) e média calculada.

A altura (usando um estadiometro Sany®) e o peso (usando uma balanga eletronica da
plataforma Welmy® com capacidade méaxima de pesagem de 300 kg) foram medidos com os
participantes em pé, sem sapatos e roupas externas pesadas. O IMC foi calculado com o peso
dividido pela altura ao quadrado (Kg/m?). O ponto de corte adotado para classificagdo da

obesidade classe III foi > 40kg/m?, segundo WHO (2000).

A medida do diametro do PC foi mensurada com auxilio de uma fita antropométrica
inelastica (marca Sanny®), com o paciente em pé, o abdomen relaxado, os bracos ao lado do
corpo e os pés juntos, sem vestimentas externas pesadas e bolsos vazios, expirando suavemente.
A fita circundou o individuo no maior didmetro abdominal. A medida foi realizada no final da
expiracao normal do individuo conforme descrito por Lohman et al. (1988). Foram utilizados
como pontos de corte as recomendagdes do NCEP-ATP III (GRUNDY et al., 2004), conforme
quadro 3.

Quadro 3. Risco de complicagdes metabdlicas associadas a obesidade, de acordo com o

perimetro da cintura, NCEP-ATPIII (2004).

Género Recomendacées PC (cm)
Homem > 102cm para homens
Mulher > 88cm para mulheres

Fonte: GRUNDY et al., (2004).

Para avaliar a distribuicdo de gordura corporal dos individuos com obesidade classe

111, foi selecionado o Indice de Adiposidade Visceral (Visceral Adiposity Index - VAI), que é
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um modelo matematico empirico, especifico de género, baseado em dados antropométricos
simples (IMC e PC) e parametros bioquimicos (TG e HDL-c) e ¢ indicativo de distribuicao e
fun¢do da gordura relacionadas ao risco cardiometabolico.

Foram utilizadas as formulas para os sexos masculinos e femininos (Figura 6)

proposta por Amato et al. (2010).

wC
Females: VAI = ( )

36.58 + (1.89 x BMI)

( TG ) ( 1.52 )
X — x| —],
0.81 HDL

WC )
39.68 + (1.88 x BMI)

( TG ) ( 1.31 )
X\ —= I X\ 77— 1>
1.03 HDL

Figura 3. Formula do Visceral Adiposity Index (VAI) segundo género
Fonte: AMATO et al. (2010).

Males: VAI = (

A atividade fisica foi avaliada por meio do Questionario Internacional de Atividade
Fisica (IPAQ, International Physical Activity Questionnaire) (Anexo 4) em sua versdo curta,
segundo Craig et al. (2003), classificando os voluntarios em sedentarios, insuficientemente

inativos, ativos ou muito ativos.

6.3.3 Avaliacao laboratorial

Para avaliag¢do das varidveis bioquimica, um total de 5 ml de amostras de sangue foi
obtido por puncdo venosa apos 12 horas de jejum para determinacdo de perfil glicidico
(glicemia de jejum e insulina basal), de perfil lipidico (colesterol total, triglicerideos, HDL-c e
LDL-c), prova de fun¢do e lesao hepatica (albumina, AST, ALT, GGT e FA), marcadores do
metabolismo 6sseo [PTH, FA, Vitamina D (250HD) , Calcio i6nico e Fosforo sérico, Magnésio
sérico, Potassio sérico e Zinco] e marcadores de inflamacao (PCR e Leptina). Todas as anélises
foram realizadas em laboratorios de analises clinicas com certificacdo e convénio com

CMCBM, parceiro do NPqM/UFRIJ.
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Nos quadros 4 e 5 estdo descritos os principais parametros bioquimicos analisados

com seus pontos de corte e metodologia respectivamente.

Quadro 4. Parametros de normalidades dos principais exames laboratoriais

Parametros Ponto de corte Método Referéncia
Perfil Glicidico
Glicemia em jejum >100 mg/dL Enzimatico NCEP ATPII
Grundy et al.,
(2004)
Insulina Basal 24,9 Ul/mL FR-CLAE -
Perfil Lipidico
Colesterol Total <190 mg/dL Enzimatico SBC (2016)
colorimétrico
Triglicerideos >150 mg/dL Enzimatico NCEP ATPIII
colorimétrico Grundy et al.,
Lipoproteina de Alta <40mg/dL para Método de inibi¢ao (2004)
Densidade (HDL-c) homens seletiva
< 50mg/dL para
mulheres
Lipoproteina de Baixa < 100 mg/dL Método de inibi¢ao SBC (2016)
Densidade (LDL-c) seletiva
Provas de Funcio e Lesao Hepatica
Albumina 3,5-5,0 g/dL Colorimétrico
Aspartato <40 U/L Cinético UV
Aminotransferase (AST)
ou TGO
Alanina <41 U/L Cinético UV Bahia (2014)
Aminotransferase (ALT)
ou TGP
Gama Glutamil 5-60 U/L Enzimatico
Transpeptidase (GGT) colorimétrico

FR-CLAE: Cromatografia Liquida de Alta Eficiéncia em Fase Reversa;
- Foram adotados os pontos de cortes do laboratorio que realizou as analises;
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A RI foi estimada pela férmula de avaliagdo do Modelo de Homeostase-Resisténcia a
Insulina (HOMA-IR) (MATTHEWS et al., 1985), pelo calculo: HOMA-IR = insulinemia de
jejum (mU/L) x glicemia de jejum (mmol/L)/ 22,5. O ponto de corte foi > 2,5 (DURWARD et
al.,2012).

A proteina C-reativa (PCR) foi quantificada pelo método nefelométrico, com ponto de
corte > 0,3 mg/dL para determinar inflamac¢do. As concentragcdes (mg/L) foram calculadas a
partir de uma curva elaborada com um soro padrao, testado em diferentes diluicdes (PEARSON
et al., 2003).

A andlise das concentracdes séricas de leptina foi feita a partir do método ELISA, de
maneira duplicata, em equipamento BRIO (Basic Robotic Immuno Assay Operator), sendo as

amostras de soro descongeladas a temperatura ambiente do laboratorio (19° a 23°C).

Quadro 5 — Parametros de normalidades dos marcadores do metabolismo 6sseo

Parametros Ponto de corte Método Referéncia
<20 ng/mL (deficiéncia),
>20 ng/mL e <29 ng/mL )
25(0H)D (insuficiéncia) HPLC-UV H"Iiso?lgkl\i%%; &
>30 ng/mL e < 100 ng/mL
(adequado)
< 1,0 mmol/L ou
<4mg/dL
Dosagem direta por WHO, (1996)
Calcio ionico Adequado: 1,0a 1,4 eletrodo seletivo ’
mmol/L
ou
4 a 5,6 mg/dL
Fosforo sérico < 2,5 mg/dL método pab: E(r f;r;%S)hausen,
Adequado: 2,7 a 4,5 mg/dL calorimétrico
<1,7 mg/dL
Magnésio Adequado:1,8 a 2,3 mg/dL método Lowens(tle ;r;;éstanton,
sérico calorimétrico
Potassio sérico <2,7mEq/dL HPLC-UV WHO, (1996)
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Adequado:2,7 a 4,5 mEq/
dL
<70 mcg/dL . o
Zinco sérico A dequang' método Iyengar; Woittiez,
70 a 150 mcg} dL calorimétrico (1988)
Vitamina B12
sérica Carmel et al. (2003)
<271 pg/mL HPLC-UV Lindgren et al. (1999)
pg
Snow, (1999)
Hiperparatireoidismo Imunoenzimatico
secundarios: por
PTH > 53,0 pg/mL quimioluminescénci Kao, (1982)
Ou a
<130,0 U/L
<130,0 U/L
FA Adequado: Cln:éllz(;iiilgsﬂnlczglco Bramer et al. (2005)
Adultos (40 a 130 U/L)

HPLC — UV: Cromatografia Liquida de Alta Eficiéncia com Detector Ultravioleta

6.4 Exposicao Solar

Para a complementacdo da avaliagdo do estado nutricional de vitamina D, foi realizada
pesquisa de exposicdo solar dos pacientes integrantes do estudo, mediante a aplicacdo de
protocolo validado por Hanwell et al. (2010). Este protocolo avalia tempo e frequéncia de
exposicao ao sol e as partes do corpo expostas permitindo, assim, a obtencao de pontuagdo que
permita quantificar esta exposi¢do solar. Foi perguntado se estes pacientes tém habito de uso
do protetor solar (Anexo 5). Como os pacientes foram acompanhados durante o periodo de um

ano, a influéncia das estagdes do ano ndo representaram um viés para as analises.

6.5 Analises estatisticas

Para verificar a normalidade da amostra foi realizado o teste Kolmogorov-Smirnof. As
variaveis continuas, foram expressas em média e desvio-padrdo. Variaveis categoricas foram
comparadas utilizando o teste Qui-quadrado de Pearson. Parametros clinicos, bioquimicos,
antropométricos, marcadores de metabolismo 6sseo e de funcdo e lesdo hepatica segundo os
fenotipos OMS e OMNS foram comparados usando o teste ¢ Student. Foram realizadas analises
de variancia de dois fatores (Two-way ANOVA) para comparar os marcadores de metabolismo
6sseo (Vitamina D, cdlcio, FA e PTH) e indicadores de funcdo e lesdo hepatica (AST, ALT,
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GGT e albumina), segundo os fendtipos OMS e OMNS e os graus de estadiamento da da

DHGNA. O teste de Tukey foi realizado para verificar a diferenga entre os grupos estudados.

Para testar a homogeneidade das proporcdes entre varidveis categdricas foi aplicado o
teste Qui-quadrado de Pearson, Teste exato de Fisher e para as varidveis continuas foi utilizada
a Correlagdo Linear de Pearson. Foi realizada andlise de regressdo logistica multipla para
determinar odds ratio — OR (razdo de chance) de marcadores de metabolismo 6sseo alterados
por fendtipos obesos metabolicamente saudavel e obeso metabolicamente ndo saudavel. Todos
as andlises estatisticas foram realizadas usando Statistical Package for the Social Sciences
(SPSS, Chicago IL) para Windows versao 21,0. O nivel de significancia adotado foi de 5% (p
<0,05).
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7. RESULTADOS E DISCUSSAO

A secdo de resultados e discussdo esta dividida em trés artigos elaborados para esta tese

de doutorado.

Artigo 1: Clinic, Anthropometric and Metabolic Changes in Adults With Class III Obesity
Classified as Metabolically Heathy and Metabolically Unhealthy

(Alteragdes clinicas, antropométricas e metabdlicas em adultos com Obesidade Classe 111

classificados como Metabolicamente Saudaveis ¢ Nao Saudaveis)

Artigo 2: Does the Metabolically Healthy Obese Phenotype protect adults with class III obesity

from biochemical alterations related to bone metabolism?

(O Fenétipo Obeso Metabolicamente Saudavel protege adultos com obesidade classe 111 de

desenvolverem altera¢des bioquimicas relacionadas ao metabolismo 6sse0?)

Artigo 3: Relationship between the biomarkers of bone metabolism and hepatic enzymes
according to the stage of Nonalcoholic Fatty Liver Disease and the Metabolically Healthy
Obesity Phenotype

(Relacdo entre biomarcadores do metabolismo Osseo e enzimas hepatica segundo o

estadiamento da Doenca Hepatica Gordurosa Nao Alcoolica e o fenotipo da obesidade

metabolicamente saudavel)
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7.1 Artigo 1

Loureiro, LM. et al. Clinic, Anthropometric and Metabolic Changes in Adults With Class 111
Obesity Classified as Metabolically Heathy and Metabolically Unhealthy

Artigo submetido ao periddico Diabetes, Metabolic Syndrome and Obesity: Targets and
Therapy.

(Anexo 6)
(Alteragdes clinicas, antropométricas e metabdlicas em adultos com Obesidade Classe 111

classificados como Metabolicamente Saudaveis ¢ Nao Saudaveis)
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7.1.1 Abstract

Purpose: To describe clinical, biochemical and anthropometric profiles in adults with class I11
obesity classified by obesity phenotypes. Patients and methods: This is a cross-sectional study
with patients classified in MHO and MUHO according to the NCEP-ATP III. Anthropometric,
biochemical and clinical variables were analyzed. Results: A total of 223 subjects were
evaluated and 32.73% were classified as MHO and 67.26% as MUHO, respectively. The
evaluation of the insulin resistance homeostasis model (HOMA-IR) showed elevation in the
MUHO group (p = 0.003). There were no significant differences regarding age, body mass
index (BMI), C-reactive protein (CRP), calcium and phosphorus between groups. In the MUHO
group, the anthropometric variables were correlated with the bone markers (BMI vs
Phosphorus: r = 0.31, p <0.001; BMI vs 25(OH)D: r =-0.31, p = 0.041). The visceral adiposity
index was lower in MHO (p = 0.001). Negative correlations between inflammatory markers
and bone markers were observed in the MHO group (Calcium vs. hs-CRP: -0.30, p = 0.017;
parathyroid hormone vs. HOMA-IR: r = -0.28, p = 0.017). Conclusion: MHO individuals
present important metabolic alterations, such as those observed in MUHO, although with lower
prevalence and severity. Continuous monitoring of these individuals is suggested, given the

transient nature of the MHO phenotype.

Keywords: obese; phenotype; bone markers; inflammatory markers.
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7.1.2 Introduction

The prevalence of overweight and obesity continues to increase exponentially around
the world!, so that the severe obesity classified as class III obesity has become the most
prominent in recent years.? It has been well established that excessive body fat increases the
risk of development of Metabolic Syndrome (MS), which includes abdominal adiposity,
dyslipidemia, hyperglycemia, hypertension, insulin resistance, as well as increased
inflammatory status.> Other comorbidities, mainly characterized by hepatic* and bone
metabolism impairments® have been more recurrent, among those individuals with severe
obesity. ¢ They are favored not only by the inflammatory profile of obesity but also by
nutritional deficits'®, especially related to micronutrients (such as vitamin D, calcium,
phosphorus and others)!"'2, hyperleptinemia'®!4, increased release of inflammatory
cytokines!®, of C- reactive protein (CRP) secretion!® by changes in markers such as parathyroid
hormone (PTH), alkaline phosphatase (AP)'"!° and liver enzymes.

However, it has been shown that there are individuals with obesity who appear to be
more protected from these metabolic changes since they present the metabolically healthy
obesity phenotype (MHO). Although presenting excess body fat, such individuals have a less
compromised metabolic profile than those classified into the metabolically unhealthy obesity
phenotype (MUHO).2!

Researches which focus on the characterization of the clinical, biochemical and
metabolic profiles of individuals with class III obesity and include the MHO phenotype, are
still scarce. Most studies to date have investigated only other classes of obesity.!>?>24 The
existence of the MHO phenotype has become increasingly recognized.?> The prevalence of this
phenotype varies significantly between studies, from 10 to 40% in the adult population.?® The
lack of harmonization in the criteria for defining the obesity phenotype plays an important role
in the discrepancies observed between the studies.?® However, the healthy condition of the
MHO phenotype has been widely debated, and studies have reported controversial and
conflicting results.?’” A meta-analysis has shown that it is not clear that adults with MHO are at
increased risk of all-cause mortality?®, but they still present risks for the development of Type
2 Diabetes Mellitus (DM2) and cardiovascular diseases (CVDs).?”-? Interestingly, the MHO
phenotype can be modified since several studies, with up to 10 years of follow-up, showed that
43.3% to 47.6% of subjects with MHO transitioned to the MUHO phenotype.>°-3? In view of
the need for further studies that evaluate the different profiles in the obesity phenotypes (MHO

and MUHO), especially in their most severe stages, the objective of the present study was to
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describe the difference between clinical, biochemical and anthropometric profiles in adults with
class III obesity classified by both phenotypes, with the aim of identifying possible differences
that may support more assertive intervention strategies for these individuals in a clinical

practice.

7.1.3 Material and methods
7.1.3.1 Study design and population

This is a descriptive, cross-sectional study with a convenience sample including adults with
class III obesity**, attended at the Multidisciplinary Center for Bariatric and Metabolic Surgery
(MCBMS) in Rio de Janeiro — RJ, Brazil. Data collection occurred from November 2014 to
July 2016.

Adults of both genders were included, mean age >20 and <60 years and body mass index
(BMI) >40 kg/m2 (diagnosed with class III obesity). Exclusion criteria were as follow:
pregnancy or lactation, history and/or presence of chronic kidney diseases (defined by estimated
glomerular filtration rate (GFR) <60 mL/min/1.73m?)®, liver diseases (except non-alcoholic
fatty liver disease (NAFLD)), acute or chronic infections, elevated serum calcium levels,
irritable bowel syndrome, previous restrictive and disabsorptive surgeries, neoplasias, diagnosis
of endocrinopathies (hyperparathyroidism, hypothyroidism, hypercortisolemia), alcohol intake
exceeding 20g/day for women and 40g/day for men, use of multivitamin and mineral
supplements. This study was approved by the Research Ethics Committee of Hospital
Universitario Clementino Fraga Filho (HUCFF) of the Universidade Federal do Rio de
Janeiro (UFRJ) (Federal University of Rio de Janeiro) under the Scientific Advice in
accordance with Resolution n® 196 of the National Health Council (Research Protocol number
011/06-CEP). Inclusion of patients in the project was carried out through their formal

authorization with the signing of the Informed Consent Form.

7.1.3.2 Definition of the obesity phenotypes: MHO and MUHO

For classification of the obesity phenotypes, the criterion used was proposed by the
Third Report of the National Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (NCEP-ATP III).>¢ The

subjects who showed alterations in >3 of the following 5 criteria were considered metabolically
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unhealthy obese (MUHO): (1) waist circumference (WC) >102cm for men and >88cm for
women; (2) fasting glucose >100 mg/dL; (3) fasting triglycerides >150 mg/dL; (4) High Density
Lipoprotein (HDL) <40mg/dL for men and <50mg/dL for women; and (5) Blood Pressure
>130/>85 mmHg. And the metabolically healthy obese (MHO) phenotype was defined as
obesity without metabolic syndrome (i.e. BMI >40 kg/m2 and presence of 2 components of

metabolic syndrome).

7.1.3.3 Assessment of body variables and physical activity

Height (using a Sany stadiometer) and weight (using a Welmy electronic platform scale
with maximum weighing capacity of 300 kg) were measured with the participants standing
without shoes and heavy outer garments. BMI was calculated as weight divided by height
squared (Kg/m?), according to the World Health Organization (WHO).3* Waist circumference
(WC) was measured based on Lohman et al *7 with cutoff points according to the NCEP-ATP
I11.°¢ The measurement of the diameter (cm) of the waist circumference (WC) was performed
with the patient standing straight, abdomen relaxed, arms beside the body and feet together
without heavy outer garments and with emptied pockets, breathing out gently. To complement
the nutritional diagnosis of individuals with obesity, one body indicator was selected, the
visceral adiposity index (VAI), which is an empirical mathematical model, gender-specific,
based on simple anthropometric data (BMI and WC) and biochemical parameters (TG, LDL-c
and HDL-c), indicative of fat distribution and function, and was calculated according to
Amato.’® All measurements were performed in duplicate by a single trained observer and
variations up to 0.5 cm were accepted and mean was calculated. Physical activity was evaluated

through the International Physical Activity Questionnaire (IPAQ) in its short version.*

7.1.3.4 Clinical assessments

The clinical variables considered by the study were those determined from the
frequencies of non-alcoholic fatty liver disease (NAFLD) and systemic hypertension (SH). Data
on NAFLD and SH were obtained through the medical records of the patients. The diagnosis
of NAFLD was determined by a complete abdominal ultrasound (CAU), conducted by a single
physician with expertise on imaging diagnosis, following the methodology proposed by Pratt
& Kaplan® using a unit C display, Philips® 2-5 MHz Convex transducer (Barueri, Sdo Paulo,

Brazil). SH was diagnosed by a professional expert, following the methodology proposed by
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the VII Brazilian Guidelines of Systemic Hypertension (SOCIEDADE BRASILEIRA DE
CARDIOLOGIA - SBC, 2016).!

7.1.3.5 Evaluation of circulating biochemical and metabolic parameters

For biochemical and metabolic evaluation, a total of 5 ml blood sample was obtained via
venipuncture after 12 hours of fasting for biochemical evaluations to determine glucose and
basal insulin, lipid profile and inflammatory profile. The overall analyses were performed in
laboratory with certifications, in partnership with the Center for Research in Micronutrients of
the Institute of Nutrition of the UFRJ and the MCBMS.

Laboratory tests were conducted in the serum to characterize the lipid profile (total
cholesterol, low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol
(HDL-c) and triglycerides), to evaluate glucose, insulin, high-sensitivity and the inflammatory
profile of the sample.

The serum concentrations of total cholesterol and triglycerides were analyzed by the
enzymatic colorimetric method (Labtest Diagnostica S.A., Minas Gerais, Brazil), and the Low-
Density Lipoprotein Cholesterol (LDL-c) and High-Density Lipoprotein Cholesterol (HDL-c)
fractions were obtained by the selective inhibition method. LDL-c fraction was calculated in
accordance with the Friedewald’s formula.*> Blood glucose was obtained by the enzymatic
colorimetric method (Labtest Diagndstica S.A., Minas Gerais, Brazil). Basal insulin was
quantified by reversed-phase high-performance liquid chromatography (RP-HPLC) and the
cutoff point adopted was 24.9 IU/mL. The cutoff points for total cholesterol and fractions,
triglycerides and fasting glucose were those established by the NCEP-ATP III criteria.>

The evaluation of the inflammatory markers of the subjects included: insulin resistance
(IR), serum c-reactive protein and leptin levels. Insulin resistance was estimated by the formula
of the homeostasis model assessment of insulin resistance (HOMA-IR) as follows: fasting
insulin (uIU/ml) x fasting glucose (mg/dL)/405%, with >2.5 cutoff point.**

High-sensitivity C-reactive protein (hs-CRP) was quantified by the nephelometric method
and the cutoff point to determine inflammation was >0.3 mg/dL*, analyzed using the Tina-
quant® C-reactive protein latex ultrasensitive assay (Roche Diagnostics GmbH, Mannheim,
German). Leptin measurement was quantified using commercially available ultrasensitive
ELISA kits according to the manufacturer’s recommendations (Abcam, Cambridge, MA,

USA).
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The bone metabolism markers selected for study were: parathyroid hormone, alkaline
phosphatase, 25(OH)D, calcium and phosphorus. Parathyroid hormone (PTH) was analyzed by
the immunoenzymatic method by chemiluminescence*® and serum alkaline phosphatase (AP)
by the kinetic colorimetric enzymatic method*’, both with cutoff points for inadequacy >53.0
pg/mL (secondary hyperparathyroidism) and <130.0 UJ/L, respectively. The serum
concentration of 25(OH)D was quantified by high-performance liquid chromatography-
ultraviolet detection method (HPLC-UV) (Labtest Diagnodstica S.A., Lagoa Santa, Minas
Gerais, Brazil). The nutritional status of vitamin D was analyzed by the quantification of the
serum concentrations of 25(OH)D, and cutoff points were <20 ng/mL (deficiency), >20 ng/mL
and <29 ng/mL (insufficiency) and >30 ng/mL and <100 ng/mL (adequacy).*® For
complementing vitamin D evaluation, a study on the sun exposure of the participants was
carried out by the application of a protocol validated by Hanwell et al.** Phosphorus was the
serum mineral quantified by the calorimetric method, with the cutoff points respectively for
inadequacy <2.5 mg/dL.*° The nutritional status of calcium was determined by quantification
of serum concentrations of ionic calcium by direct dosage by selective electrode and the cutoff

point for inadequacy was <4mg/dL.>!

7.1.3.6 Statistical analyses

Statistical analyses were performed using the Statistical Package for the Social Sciences
(SPSS)* for Windows version 21.0, IBM Corporation (Armonk NY, USA). To verify the
normality of the sample, the Kolmogorov-Smirnov test was performed. Continuous variables
were expressed as mean and standard deviation (SD). Clinical, biochemical, anthropometric
parameters, bone metabolism and inflammatory markers, calculated according to the MHO and
MUHO phenotypes, were compared using the Student's t-test. The Pearson's chi-square test was
applied to assess the categorical variables according to the MHO and MUHO groups and that
test was used to test the homogeneity of proportions among the categorical variables. The
Pearson's Linear Correlation was used for the continuous variables. The significance level

adopted was 5% (p<0.05).

7.1.4 Results

7.1.4.1 General characterization of the studied population
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A total of 232 adults with obesity were recruited and were in the preoperative period of
bariatric surgery. Of these, a total of 9 adults were excluded from the study because they did
not meet any of the eligibility criteria, 2 were 60 years of age, 3 were diagnosed with class II
obesity and the remainder, 4 because they had important information which could not be
provided at the time of the consultation with the nutritionist for data collection. The sample
comprised 223 adults, mostly sedentary (79.82%), diagnosed with class III obesity, 76.23%
females and 23.77% males, mean age of 41.20 + 10.15 years, and no statistical difference
between genders was observed (p=0.061). SH, NAFLD and IR were present respectively in
70.40%, 97.58% and 76.23% of the studied sample. And in respect to the bone metabolism
parameters studied, 97.31% showed inadequacy of AP, 83.86% vitamin D deficiency, 79.82%
inadequacy of PTH, 26.46% calcium deficiency and 12.11% phosphorus deficiency. Sun
exposure time (min) among the individuals with obesity was 13.2 + 5.2 minutes/day, with
reported use of sunscreen in 80% of the adults assessed, and no statistical difference was

observed between them after their classification into MHO and MUHO phenotypes (p=0.254).

7.1.4.2 Characterization of the population according to the obesity phenotypes: MHO and
MUHO

According to the classification of subjects, based on the NCEP-ATP III criteria, 32.73%
were categorized as MHO and 67.26% as MUHO. Mean age between the MHO and MUHO
groups was 38.86 + 10.65 and 42.34 + 9.73 years respectively, and a statistical difference was
found between the phenotypes (p=0.020). With respect to the physical activity level, mostly the
obesity phenotypes, MHO and MUHO respectively, were considered sedentary 82.19% vs
78.67% (p= 0.073). The remainder was considered inadequately inactive, 17.81% vs 21.33%,
and no statistical difference (p=0.597) was observed between the groups. In Figure 1, we can
note a higher frequency (66.67%) of MUHO between the range of 35-56 years of age, while in
MHO, the highest frequency (78.09%) was between 21-49 years of age, therefore the majority
of younger subjects studied had the MHO phenotype.

7.1.4.3 Clinical, biochemical and anthropometric variables according to the MHO and
MUHO phenotypes

The prevalence of NAFLD and IR were significantly higher (p<0.001) in the MUHO

group, when compared to the MHO. As for the other metabolic variables (clinical and
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biochemical) present in the NCEP-ATP III classification criteria, the prevalence of 36% of SH
in the MHO group was significantly lower (p<0.001) when compared to the MUHO group
where it reached 87%.

Similarly, significantly lower values of fasting glucose (mg/dL) 91.03 + 15.99 vs.
106.81 + 30.42 (p<0.001), insulin (mg/dL) 16.36 + 8.97 vs. 19.73 + 11.67 (p=0.018) and TG
(mg/dL) 123.04 + 140.94 vs. 190.25 +239.38 (p=0.009) were found, in addition to significantly
higher concentrations of HDL-c (mg/dL) 52.25 + 11.64 vs. 42.49 £+ 8.96 (p<0.001) in the MHO
group, when compared to the MUHO group.

We found statistically significant differences between the means of the anthropometric
parameters, the VAL 4.28 + 3.56 vs. 7.93 + 8.70 (p=0.001) and of the inflammatory marker,
HOMA-IR 3.74 + 2.32 vs. 5.40 + 4.22 (p=0.002) regarding the MHO and MUHO groups,
respectively. In the analyzed profile of bone metabolism markers selected for the study, AP

showed a significant difference between the groups (p=0.016), lower in the MHO group (Table
1).

7.1.4.4 Correlation between bone metabolism markers and anthropometric parameters (BMI

and VAl) and inflammatory markers according to the MHO and MUHO phenotypes

Table 2 shows, in the MUHO group, a positive correlation between phosphorus and
BMI (r=0.313; p<0.001); and a negative correlation between 25(OH)D and BMI (r=-0.307;
p=0.041). When considering VAI, a negative correlation with calcium (r=-0.265; p=0.043) and
a positive correlation with phosphorus (r=0.369; p=0.039) were also observed. In the MHO
group, no correlation was found between the bone metabolism variables and the body
parameters studied.

When the inflammatory markers were analyzed, in the MHO group we found two
negative correlations, the first, calcium with hs-CRP (r =-0.295; p = 0.017) and the second,
PTH with HOMA-IR (r =-0.279; p = 0.017); and no correlation was found with leptin. In the
MUHO group, no correlation was found between bone metabolism markers and inflammatory

markers.

7.1.5 Discussion

The strong point of this study is the fact that it was one of the few to report, in individuals

with Class III obesity, the relationship between the MHO phenotype and a set of biochemical
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variables and body fat distribution with importance for metabolic profile. The study presents
two main findings. The first is the presence of the phenotype which, regardless of the
classification in MHO or MUHO, was associated with changes in clinic, anthropometric and
metabolic variables. The second is the combination of obesity with metabolically unhealthy

status which was associated with greater impairment of the variables studied-

7.1.5.1 General characterization of the population, according to the MHO and MUHO
phenotypes

We found a prevalence of the MHO phenotype (32.73%) in our study, according to the
NCEP-ATP III criteria. Some evidence shows that 20-30% of individuals with obesity are
classified as MHO.>3-* Data from the longitudinal study, ELSA-Brazil, which evaluated 14,545
adults and also used, as one of its criteria, the NCEP-ATP III, found prevalence of 26.8% of
MHO 3, which is lower than the prevalence found in our study. Other authors have reported
frequencies of 14.9% 6, 19.5%>%, 36.6% 7 and 39.2%.°® This variability can be explained by
the study design, the characteristics of the population investigated, the number of individuals
evaluated and the lack of standardization of a single criterion for the definition of the MHO
phenotype. In those studies, different classes of obesity were evaluated, using different methods
to classify the MHO phenotype, which could also justify the differences found. Regarding age,
there was association with the MHO phenotype. Among the older adults with obesity (35-56
years of age) we found a higher prevalence (66.67%) related to the MUHO phenotype.

Following the trend of previous findings®!+>

, in our study, subjects classified as MUHO were
significantly older than the ones classified as MHO. The MHO phenotype appears to be a
transient status®”%° for about one-third of individuals. ! We cannot state that this transition
occurred with some of our individuals classified as MUHO since our study is a cross-sectional
study, therefore, without follow-up. Longitudinal studies have shown that the MHO status,
because unstable, progresses to an unhealthy metabolic state in a considerable proportion of
patients.*>%2 However, there is still no consensus as to the time for this progression and whether
all individuals will transition to the MUHO phenotype, since some remained as MHO.?* Recent
evidence also suggests that the MHO phenotype is related to a healthy lifestyle®®, including diet
quality® and practice of physical activity.® In the present study, it was possible to observe that
among the evaluated subjects there was no association of the MHO or MUHO phenotypes with
the habit of practicing or not physical activity, as described in the study by Donini et al.%

Although the underlying determinants and molecular mechanisms of this phenotype are not yet
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fully elucidated, the accumulated evidence suggests that it is influenced not only by
environmental factors (i.e; diet and exercise) but also by biological and genetic factors®!, which

could help to justify the result found in our study.

7.1.5.2 Clinical, biochemical and anthropometric parameters according to the obesity

phenotypes: MHO and MUHO

The fat content in the liver is an additional marker that has been considered very
important in the context of the MHO phenotype definition. The prevalence of NAFLD appears
to be significantly lower in MHO adults compared to MUHO.?*¢7 In our study, we found a high
frequency (97.58%) of NAFDL among obese individuals, mainly in the MUHO group (94%),
suggesting that there is an important relationship with the MHO phenotype that needs to be
further investigated.

In our study, even among MUHO subjects, there was a higher prevalence of
hypertension and IR (84%), suggesting that there is a relation between this parameter and the
MHO phenotype. Our results are in accordance with previous findings>>-*68:6%70 but the values
we found for prevalence of hypertension and IR were higher when compared to these studies.
Probably, this discrepancy is explained by the difference in the severity of obesity studied
among the selected studies since our work was the only one among them evaluating class 111
obesity.

Despite the fact that both phenotypes presented significant inadequacy in four of the
five variables of the NCEP-ATP III criteria with the exception of CA, which we believe did not
defer since we evaluated individuals with severe class IIT obesity.”!-’? Hypertension was the one
that was most strongly associated with the MHO phenotype, presenting a high prevalence (87%)
among the MUHO. Those findings highlight the importance of the profile of the variables that
make up the MHO phenotype classification criterion.

Obese individuals have different patterns of body fat distribution and are related to
different metabolic phenotypes®. In our study, we found significantly lower values of VAI in
the MHO subjects when compared to the MUHO, which showed that this tool was sensitive to
detect the difference found between the phenotypes. This fact leads us to suggest that there is a
difference between the MHO and MUHO phenotypes with regard to the site of greater
deposition of body fat. In accordance with our study, Kang et al (2017)? in a study with 2,204
individuals with the MHO phenotype observed that higher VAI values were associated with a

more compromised metabolic profile, MUHO. And these authors, in the same study, also
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observed that VAI correlated better with the MHO prognosis and was considered a good
predictor in the determination of the conversion of the MHO phenotype to MUHO.
HOMA-IR is influenced by the mechanisms of the inflammation typical of the obesity,
reflects the conditioned IR among other factors by the action of inflammatory cytokines
secreted by adipose tissue. The differences found between the phenotypes can be justified by
environmental genetic aspects and due style, which are not yet very well understood. Our results
are, in agreement with other studies, which also present greater sensitivity to insulin, better lipid
profile, glycogen, inflammation and lower hepatic and blood pressure impairment ¢¢°7°,
Although the difference between the majority of the studied bone metabolism markers
(calcium, phosphorus, vitamin D, and PTH) was not significant in the groups, these data deserve
attention since they are involved in metabolic disorders common in individuals with obesity.
Several studies indicate that deficits in calcium, vitamin D and phosphorus in the long term,
especially when associated with obesity, increase the risk of fractures and may be associated
with a higher prevalence of osteoporosis, osteoarthritis, sarcopenia’®” and other factors such

476 and liver diseases.”’"”” Vitamin D deficiencies, calcium and

as osteosarcopenic obesity
hormonal changes such as secondary hyperparathyroidism, when untreated, result in bone
diseases.””® We observed that AP was related to the MHO phenotype. Higher plasma
concentrations of the marker were observed in the most metabolically compromised phenotype,
MUHO. This marker tends to be more concentrated when there is vitamin D deficiency. It is
also influenced by the homeostasis of PTH, calcium and vitamin D.”® Therefore, even if the
other markers have not differed between the phenotypes, MHO and MUHO, it is important to
evaluate in a deeper way the significance of the observed changes in our study since they are
indicative of greater bone remodeling.

We believe that the differences in the clinical, biochemical, anthropometric and
metabolic profile between MHO and MUHO groups observed in our study, added to other
findings reported by several other prior studies, are results of several mechanisms still not
clarified for interaction between genetic, environmental and behavioral factors. These factors
affect the distribution of abdominal fat, accumulation of visceral and ectopic fat in the liver and
muscle, IR, and determine the MHO phenotype®!, and can increase or decrease the risk for

several diseases.

7.1.5.3 Correlation between bone metabolism markers and anthropometric parameters (BMI

and VAl) and inflammatory markers according to the MHO and MUHO phenotypes
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In our study, we noted that among the MUHO individuals, plasma vitamin D levels
varied inversely with BMI (r=-0.307, p=0.04). Previous findings have shown results similar to
ours, where obese individuals presented lower serum vitamin D values when compared to
normal weight ones. In addition, the plasma concentration of vitamin D was negatively
correlated with body weight, BMI and fat mass.?%#! In the study by Vimaleswaran et al (2013)%?
with 42,024 obese individuals, the same correlation was observed. It was shown that each
increase of 1kg / m? of BMI would be associated with 1.15% reduction of 25(OH)D. However,
Seo et al (2012)3, when they evaluated sarcopenic obesity in relation to plasma levels of
vitamin D did not find the same association. It is worth emphasizing that despite the fact that
the individuals evaluated were also obese, sarcopenic obesity applies more criteria for
diagnosis, which go beyond BMLI. In the study, there was a negative association of vitamin D
with visceral fat.

It is evident that vitamin D is related to obesity, and the correlation found in our study
can be attributed to the liposolubility of this hormone and its biodistribution in the adipose
tissue.®* The literature also reports that there are a number of possible mechanisms that can
cause the lowest concentration of 25(OH)D in obesity, since that is multifactorial. Among them,
there could be deficiency due to less exposure to sunlight®, the lack of the habit of using
sunscreen®’ as observed throughout the studied sample, regardless of the classification from the
obesity phenotypes, in addition to the age factor’®®’, considering that the individuals classified
as MUHO were older than the MHO in our study, which could therefore favor the occurrence
of vitamin D deficiency, as well as changes in the binding protein or metabolization of this
vitamin.%

In the MUHO group, the correlations found between indicators of phosphorus and BMI
(r=-0.313, p=0.00) and VAI (r=0.369, p=0.04), respectively, as well as between VAI and
calcium (r =-0.265, p=0.04), can be partly explained by the deficiency of vitamin D, its
secondary endpoints in the metabolism of these two nutrients (phosphorus and calcium), in
addition to any more compromised clinical and metabolic profile of the group when compared
to MHO. We believe that the difference between the profile of body and visceral adiposity
observed in the phenotypes was significantly more impaired in the MUHO phenotype. When it
was associated with vitamin D deficiency as a function of the greater volume of body tissue in
the obese’ it favored the changes in the concentrations of serum calcium and phosphorus.

17.88.89 and their

Calcium and phosphorus play a key role in the maintenance of bone metabolism
deficits are related to severity of obesity.”®! Calcium is the most abundant mineral in the body,

and the bone is a metabolic marker that must always be in balance with the blood. Phosphorus
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is the second most abundant mineral in the body. Its main function in bone metabolism is to
combine with calcium to provide bone stiffness.”

Although no significant difference was found between the plasma vitamin D levels between
the MHO and MUHO groups, MUHO, which is the most metabolically compromised
phenotype, seems to have been more affected by vitamin D deficiency. Since there was a
correlation with the BMI parameter, it may indirectly have influenced the correlations found of
other markers (calcium and phosphorus) with VAL

Regarding the HOMA-IR and the hs-CRP parameters, despite the high plasma levels of hs-
CRP, they did not differ significantly between the phenotypes. In the MHO group, the inverse
correlation of CRP with serum calcium levels (r = -0.295, p = 0.01) can be explained by the
probable link between the pathophysiological mechanisms of obesity and other syndromes such
as osteoporosis, osteoarthritis, osteopenia, sarcopenia and sarcopenic obesity, diseases that are
often associated with class I1I obesity>-”-"* and that quite possibly could be affecting a significant
number of subjects in the studied sample. These diseases are characterized by long-term
deficiency of nutrients such as calcium, vitamin D and increased secretion of PTH?? which are

16,93,94 and

influenced by mechanisms of the inflammatory framework typical of obesity
characterized by higher levels of tumor necrosis factor alpha (TNFa), leptin, CRP, IR and other
inflammatory cytokines in the adipose tissue.”

This hypothesis, related to inflammation, may explain the correlation between HOMA-IR
and PTH (r = 0.279; p = 0.02). The HOMA-IR parameter also reflects the inflammatory profile
and it was significantly less compromised in the MHO group: This fact could influence the
secretion of PTH from vitamin D deficiency. PTH is often used as an indicator of vitamin D
status.’® Normally, low levels of 25(OH)D provide lower calcium absorption and increased
bone turnover.’* Even though no significant difference was found between the groups in relation
to vitamin D, the most preserved clinical and metabolic profile was impacted differently,
justifying this correlation because it was less IR. In the study by Choi et al (2016)*, a progressive
association between HOMA-IR and vitamin D levels was observed regardless of sarcopenic
obesity in men. HOMA-IR and C-reactive protein were correlated with sarcopenic obesity in
women.”® In the skeleton, PTH promotes the increase of bone resorption, besides being the main
responsible for regulating acutely and rapidly the serum calcium.?”-%8

The correlations found in our results need further investigation. No previous study, to our
knowledge, has evaluated the correlation of this set of biochemical markers (clinical,

anthropometric and metabolic) with the MHO phenotype in individuals with class III obesity,

with promising results that could contribute to the development of complementary studies.
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However, we assume limitations in the present study: the reduced number of variables related
to the inflammatory profile, the fact that it is a cross-sectional design study, so it was impossible
to determine a causal relationship between the variables that were analyzed, as well as the
impossibility of evaluating the stage of NAFDL since we only had data of complete abdominal

ultrasound.

7.1.6 Conclusion

The MHO phenotype does not protect adults with class III obesity from developing
clinic, anthropometric and metabolic changes that can negatively impact on the health of these
individuals. Our study highlights that the MHO present important metabolic alterations such as
those observed in the MUHO, although with lower prevalence and severity. This also occurs if
we consider other clinical and metabolic variables outside the classificatory profile proposed
by the NCEP-ATP III. These findings suggest continuous monitoring of these individuals in
order to prevent the progression of the alterations evaluated, since MHO seems to be a transient
status, aiming at the effective reduction of the metabolic risks to which these individuals are
exposed. In addition, the results presented here seem promising for the development of future
studies related to obesity phenotypes and as such we suggest the conduction of further
longitudinal studies to investigate the phenotype stability, the significance of our findings and

the impact of the correlations observed.
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Figure 1. Frequency (%) of subjects by age group, according to obesity phenotypes, MHO and
MUHO.

Abbreviations: MHO, metabolically healthy obese; MUHO, metabolically unhealthy obese.
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Table 1. Clinical, Biochemical and Anthropometric Characteristics of the MHO and MUHO

phenotypes
MHO (n=73 MUHO (n=150
General characteristics Mean(ﬂ: SD) Mean(ﬂ: SD ) p-value
Clinical and Metabolic variables
Systolic H (mmHg) 123.36 +£23.45 140.00 + 30.47 0.0002
Diastolic H (mmHg) 76.63 + 18.09 90.29 + 24.45 0.0002
SH (%) Yes 35.60 (n=26) 87.30 (n=131) 0.001°
No 64.40 (n=47) 12.70 (n=19)
NAFLD (%) Yes 83.60 (n=61) 94.00 (n=141) 0.025°%
No 16.40 (n=12) 6.00 (n=9)
IR (%) Yes 60.27 (n=44) 84.00 (n=126) 0.000°
No 39.73 (n=29) 16.00 (n=24)
Anthropometric variables
Weight (Kg) 118.46 +16.30 118.04 +19.86 0.876
Height (meters) 1.66 £ 0.08 1.66 £0.10 0.723
BMI (Kg/m?) 42.99 +£4.48 42.51+4.86 0.465
WC (cm) 118.18 £ 11.72 120.54 £ 13.89 0.186
VAI 428 +3.56 7.93+8.70 0.0017%
Biochemical variables
Glucose (mg/dL) 91.33+15.99 106.81 + 30.42 0.000°
Insulin (mg/dL) 16.36 £ 8.97 19.73 £ 11.67 0.018¢
Total Cholesterol (mg/dL) 197.67 £36.07 199.06 +£57.16 0.826
LDL-c (mg/dL) 121.10+£31.61 120.31 £35.53 0.867
HDL-c (mg/dL) 5225+ 11.64 42.49 £ 8.96 0.000°
Triglycerides (mg/dL) 123.04 + 140.94 190.25 +239.38 0.009*
Inflammatory markers
HOMA-IR 3.74+2.32 5.40+4.22 0.002¢
hs-CRP (mg/dL) 0.88+0.71 0.97+0.93 0.427
Leptin 45.69 £32.24 42.50 +£30.96 0.483
Bone metabolism markers
Calcium (mg/dL) 391+1.40 3.906 £ 1.87 0.987
Phosphorus (mg/dL) 3.58+0.58 3.65+£0.63 0.799
25(OH)D (ng/mL) 22.33+£7.79 22.69 £8.31 0.747
PTH (pg/mL) 42.09+18.13 42.79 £16.08 0.779
AP (U/L) 70.56 £27.57 80.11 +27.56 0.016%

Notes:* ¢-Student test (p<0.05); "Pearson’s Chi-Square (X?) Test (p< 0.05); Abbreviations: SD: standard deviation; SH, Systemic
Hypertension; NAFLD, Non-Alcoholic Fatty Liver Disease; IR, Insulin Resistance; BMI, Body Mass Index; AC, Abdominal Circumference;
VAL, Visceral Adiposity Index; HOMA-IR, Homeostasis Model Assessment — Insulin Resistance; : 25(OH)D, Vitamin D; PTH, Parathyroid

Hormone; AP, Alkaline Phosphatase;
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Table 2. Correlation Between Bone Metabolism Variables and Anthropometric Parameters and Inflammatory Markers (HOMA-IR, Hs-CRP And

Leptin) According to the MHO and MUHO Phenotypes

Resultados e Discussdo

Anthropometric Variables

Inflammatory Markers

Bone BMI VAI HOMA IR hs-CRP Leptin
Markers MHO MUHO MHO MUHO MHO MUHO MHO MUHO MHO MUHO
r r p r p r p r p r p r p r p r p r p
Calcium -0.07 | 0.57 | 0.01 0.95 | 0.15 0.18 | -0.27% | 0.04 0.09 0.44 | -0.08 | 0.34 -0.30% | 0.01 0.06 0.47 | -0.19 | 0.12 | -0.01 | 0.92
Phosphorus 0.10 | 0.38 | 0.31® | 0.00 | -0.20 | 0.10 | 0.40% | 0.04 -0.05 | 0.65 | -0.02 | 0.78 0.16 0.17 | 0.04 | 0.62 | -0.11 | 036 | -0.14 | 0.09
25(OH)D -0.05 | 0.68 | -0.31* | 0.04 | -0.05 | 0.69 | -0.10 0.22 -0.15 | 0.20 | -0.11 | 0.18 0.12 0.33 | -0.06 | 0.51 0.08 0.49 0.00 | 0.97
PTH 0.00 | 0.99 | 0.05 0.52 | -0.01 | 0.97 | -0.04 0.61 | -0.28% | 0.02 | 0.09 | 0.30 -0.02 0.87 | 0.09 0.28 | -0.01 | 0.92 0.12 | 0.14
AP -0.09 [ 043 | 0.01 0.89 | 0.01 091 | -0.07 0.41 -0.19 | 0.12 | -0.02 | 0.85 0.13 0.28 | 0.02 0.85 0.06 0.60 0.05 0.55

Notes: ® Pearson’s Correlation is significant at the 0.05 level (2-tailed);® Pearson’s Correlation is significant at 0.01 level (2-tailed).
Abbreviations: 25(OH)D, Vitamin D; PTH, Parathyroid Hormone; AP, Alkaline Phosphatase; BMI, Body Mass Index; MHO, Metabolically Healthy Obese; MUHO, Metabolically Unhealthy Obese; VAI, Visceral

Adiposity Index.
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7.2 Artigo 2
Loureiro, LM. et al. Does the Metabolically Healthy Obese Phenotype protect adults with

class 111 obesity from biochemical alterations related to bone metabolism?

Artigo submetido ao periddico Nutrients

(Anexo 7)

(O Fenétipo Obeso Metabolicamente Saudavel protege adultos com obesidade classe 111 de

desenvolverem altera¢des bioquimicas relacionadas ao metabolismo 6sse0?)
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7.2.1 Abstract:

Backgound: Obesity negatively affects the relationship between markers and micronutrients
of bone metabolism. Objective: The hypothesis that the metabolically healthy obese phenotype
might be protected those alterations was the aim of this study. Methods: A cross-sectional study
was carried out in adults with class I1I obesity classified in Metabolically Healthy Obese (MHO)
and Metabolically Unhealthy Obese (MUHO), according to the NCEP ATP III criteria.
Anthropometric, biochemical and clinical variables were analyzed for sample characterization.
To evaluate bone metabolism, markers (alkaline phosphatase and parathyroid hormone - PTH)
and related nutrients (vitamin D, vitamin B12, calcium, phosphorus, magnesium, potassium and
zinc) were analyzed. A total of 223 adults with class III obesity aged 41.20 + 10.15 years were
included. Results: The MHO phenotype was identified in 32.73% of the sample. After logistic
regression, it was observed that inadequacies of calcium (OR: 4.11; 95% CI: 2.33 — 6.66),
phosphorus (OR: 3.03; 95% CI: 1.98 - 5.79), vitamin D (OR: 5.01; 95% CI: 2.92 - 6.71) and
PTH (OR: 5.45; 95% CI: 4.49 - 6.74) were significantly higher in the MUHO group compared
to the MHO Group. Conclusion: This study showed that the MHO phenotype does not protect
adults from alterations in markers and micronutrients of bone metabolism. However, the
MUHO phenotype presents a higher risk for alterations related to bone metabolism which can

favor the emergence of metabolic bone diseases.

Keywords: metabolically healthy phenotype; obesity; adult; bone metabolism; micronutrient
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7.2.2 Introduction

The increasing prevalence of obesity in adults worldwide has been mainly occurring in
class III obesity group, showing a rate significantly higher than rates observed in other obesity
categories [1]. Obesity, because it is a metabolic disorder characterized by low-grade
inflammation, is accompanied by major systemic modifications [2]. Recently, ample evidences
have suggested the existence of a link between the pathophysiological mechanisms of obesity
and those of other syndromes mainly related to the compromise of bone [3,4] and liver
metabolism [5].

The hypothesis that obesity is related to the highest prevalence of metabolic bone
diseases [3,4] has been confirmed. Most of these diseases are characterized by alterations in
some biochemical markers (alkaline phosphatase, parathyroid hormone, vitamin D, calcium,
phosphorus, etc.), regardless they are nutrients or not [6,7], influenced by the inflammatory
profile of obesity involving hypersecretion of serum leptin [8], high concentrations of C-
reactive protein [9], insulin resistance [10], among other inflammatory markers.

Although obesity is a risk factor for a series of metabolic complications, the phenotype
known as Metabolically Healthy (MH) has suggested that individuals when classified as
metabolically healthy obese (MHO) seem to be more protected from complications related to
the severity of Non-Alcoholic Fatty Liver Disease (NAFLD), insulin resistance (IR), alterations
in lipid profile and inflammation markers, unlike those classified as Metabolically Unhealthy
Obese (MUHO) [11,12]. Despite the differences between the studies [13,14] and the lack of
standardization for the classification of the MH phenotype, different criteria for its
identification have been adopted, and the most used in clinical practice and in epidemiologic
researchers has been the one proposed by the Third Report of the National Cholesterol
Education Program Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (NCEP ATP III) [15], the same used to diagnose metabolic syndrome
(MS). Although not included as one of the criteria for identifying MHO individuals, NAFLD,
considered the MS liver manifestation [16], has been investigated in these individuals due to its
association with obesity. Recent evidence has shown that MHO individuals have lower liver fat
accumulation when compared to MUHO individuals [11], which is related to increased risk
factors for alterations in markers and micronutrients involved in the bone metabolism [17] of
obese adults.

The literature shows that adults with class III obesity are more prone to have alterations

in their bone metabolism, observed from the modification of parameters of some biochemical

102



Resultados e Discussdo

markers and from minor serum concentrations of micronutrients, which results in greater bone
remodeling [6] in these individuals. Thus, it is important to evaluate the associations between
metabolic alterations in obesity and serum concentrations of markers and micronutrients
important to bone metabolism homeostasis, given their participation in essential metabolic and
endocrine processes related to maintenance of bone health [7]. Yet to date, there is scarcity of
reports in the literature that include data relating such aspects of bone metabolism to the
metabolic abnormalities found in the MHO and MUHO phenotypes.

Given this, considering the increase in the prevalence of class III obesity in adults and
the clinical importance of bone metabolic alterations related to the relationship with the MH
phenotype, the objective of this study was to evaluate the association between the profile of
markers and micronutrients of bone metabolism and body and biochemical variables of adults
with class IIT obesity, classified according to the MHO and MUHO phenotypes established by
the NCEP ATP III criteria.

7.2.3 Materials and Methods

7.2.3.1 Participants

Adults of both genders were included, aged >20 and <60 years and body mass index
(BMI) >40 kg/m2 (diagnosed with class III obesity). Exclusion criteria were: prior
malabsorptive and restrictive surgeries, intestinal malabsorptive syndromes, neoplasia, use of
drugs for weight loss, use of lipid lowering drugs, hypoglycemic drugs, alcohol intake
exceeding 20g/day for women and 40g/day for men, use of multivitamin and mineral
supplements, to be pregnant or a nursing mother, and presence of kidney failure and liver
diseases, except NAFLD. This study was approved by the Research Ethics Committee of
Hospital UniversitarioClementino Fraga Filho (HUCFF) of the Universidade Federal do Rio
de Janeiro (UFRJ) [Federal University of Rio de Janeiro] under the Scientific Advice n° 011/10
in accordance with Resolution n° 196 of the National Health Council. Inclusion of patients in
the project was carried out through their formal authorization with the signing of the Informed

Consent Form.

7.2.3.2 Study Design

This is a descriptive, cross-sectional study with a convenience sample including adults
with class III obesity [18], attended at the Multidisciplinary Center for Bariatric and Metabolic

Surgery in Rio de Janeiro — RJ, Brazil. Data collection occurred from November 2014 to July
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2016. For classification of the metabolically healthy obese (MHO) phenotype, the criterion used
was proposed by the Third Report of the National Cholesterol Education Program Expert Panel
on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (NCEP ATPIII)
[15]. The subjects who showed alterations in >3 of the following 5 criteria were considered
metabolically unhealthy obese (MUHO): (1) waist circumference (WC) >102cm for men
and >88cm for women; (2) fasting glucose >100 mg/dL; (3) fasting triglycerides >150 mg/dL;
(4) High Density Lipoprotein (HDL) <40mg/dL for men and <50mg/dL for women; and (5)
Blood Pressure >130/>85 mmHg.

7.2.3.3 Measurements

Anthropometric, clinical and biochemical parameters were evaluated to characterize the
sample and analyze the association among the markers of bone metabolism (regardless they are
nutrients or not) with metabolic and bodily variables, according to MHO and MUHO
classification. The anthropometric evaluation included the measurement of weight (using a
Welmy electronic platform scale with maximum weighing capacity of 300 kg) and height (using
a Sany stadiometer) for BMI calculation according to the World Health Organization (WHO)
[19]; waist circumference (WC) was measured based on Lohman et al. [20] with cut off points
according to the NCEP ATP III [15] and the visceral adiposity index (VAI) was calculated
according to Amato et al. [21]. All measurements were performed in duplicate by a single
trained observer and variations up to 0.5 cm were accepted and mean was calculated. Physical
activity was evaluated through the International Physical Activity Questionnaire (IPAQ) in its
short version [22] and volunteers were classified into sedentary, inadequately inactive, active
or very active.

The clinical variables considered by the study were those determined from the
frequencies of NAFLD and systemic hypertension (SH). Data on NAFLD and SH were
obtained through the medical records of the patients. The diagnosis of NAFLD was determined
by a complete abdominal ultrasound (CAU), conducted by a single physician with expertise on
imaging diagnosis, following the methodology proposed by Pratt & Kaplan [23] using a unit C
display, Philips® 2-5 MHz Convex transducer (Barueri, Sdo Paulo, Brazil). SH was diagnosed
by a professional expert, following the methodology proposed by the VII Brazilian Guidelines
of Systemic Hypertension (SOCIEDADE BRASILEIRA DE CARDIOLOGIA - SBC, 2016)
[24].

A total of 5 ml blood samples was obtained via venipuncture after 12 hours of fasting

for biochemical evaluations to determine glucose and basal insulin, lipid profile, inflammatory
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profile and markers and micronutrients related to bone metabolism. The overall analyses were
performed in laboratory with certifications, in partnership with the Center for Research in
Micronutrients of the Institute of Nutrition of the UFRJ and the Multidisciplinary Center for
Metabolic and Bariatric Surgery. Blood glucose was obtained by the enzymatic colorimetric
method. Basal insulin was quantified by reversed-phase high-performance liquid
chromatography (RP-HPLC) and the cutoff point adopted was 24.9 IU/mL. Insulin resistance
was estimated by the formula of the homeostasis model assessment of insulin resistance
(HOMA-IR), with >2.5 cutoff point [25]. The serum concentrations of total cholesterol and
triglycerides were analyzed by the enzymatic colorimetric method, and the Low-Density
Lipoprotein Cholesterol (LDL-c) and High-Density Lipoprotein Cholesterol (HDL-c) fractions
were obtained by the selective inhibition method. The cutoff point for total cholesterol and
fractions, triglycerides and fasting glucose were those established by the NCEP-ATP III criteria
[15]. C-reactive protein (CRP) was quantified by the nephelometric method and the cutoff point
to determine inflammation was >0.3 mg/dL [26].

Parathyroid hormone (PTH) was analyzed by the immunoenzymatic method by
chemiluminescence [27] and serum alkaline phosphatase (AP) by the kinetic colorimetric
enzymatic method [28], both with cutting points for inadequacy >53.0 pg/mL (secondary
hyperparathyroidism) and <130.0 U/L, respectively. Serum vitamins were quantified by high-
performance liquid chromatography-ultraviolet detection method (HPLC-UV) (Labtest
Diagnostica S.A., Lagoa Santa, Minas Gerais, Brazil). Vitamin B12 cutoff point was <271
pg/mL [29]. The nutritional status of vitamin D was analyzed by the quantification of the serum
concentrations of 25(OH)D, and cutoff points were <20 ng/mL (deficiency), >20 ng/mL and
<29 ng/mL (insufficiency) and >30 ng/mL and <100 ng/mL (adequacy) [30]. For
complementing vitamin D evaluation, a study on the sun exposure of the participants was
carried out by the application of a protocol validated by Hanwell et al. [31]. Phosphorus,
magnesium, potassium and zinc were the serum minerals quantified by the calorimetric method,
with the cutoff points respectively for inadequacy <2.5 mg/dL [32], <1.7 mg/dL [33], <2.7
mEq/dL [34] and <70 mcg/dL [35]. The nutritional status of calcium was determined by
quantification of serum concentrations of ionic calcium by direct dosage by selective electrode

and the cutoff point for inadequacy was <4mg/dL [34].

7.2.3.4. Statistical Analysis

Statistical analyzes were performed using the Statistical Package for the Social Sciences

(SPSS) package for Windows version 21.0, IBM Corporation (Chicago IL, USA). To verify the
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normality of the sample, the Kolmogorov-Smirnof test was performed. Continuous variables
were expressed as mean and standard deviation. Clinical, biochemical, anthropometric
parameters and markers of bone metabolism according to the MHO and MUHO phenotypes
were compared using Student's t-test. The Pearson's chi-square test was applied to assess the
categorical variables according to MHO and MUHO groups. Pearson's chi-square test was used
to test the homogeneity of proportions among the categorical variables, and Pearson's Linear
Correlation was used for the continuous variables. Multiple logistic regression analysis was
performed to determine odds ratio (OR) of markers of bone metabolism altered by the
metabolically healthy obese and metabolically unhealthy obese phenotypes. The significance
level adopted was 5% (p<0.05).

7.2.4 Results

7.2.4.1 General characterization of the studied population

A total of 232 adults with obesity were recruited for study and were in the preoperative
period of bariatric surgery. Of these, a total of 9 adults were excluded from the study because
they did not meet any of the eligibility criteria, two of them being 60 years of age, 3 being
diagnosed with class II obesity and the remainder because they had important information
which could not be answered at the time of the consultation with the nutritionist for data
collection. Thus, the sample was comprised 223 adults with class III obesity, mostly sedentary,
79.82%, with 76.23% females and 23.77% males, mean age of 41.20 + 10.15 years, and no
statistical difference between genders was observed. NAFLD was present in 97.58% of the
studied sample.

With respect to the proportion of subjects in the study, 97.31% showed inadequacy of AP,
83.86% vitamin D deficiency, 79.82% inadequacy of PTH, 53.81% vitamin B12 deficiency,
and 26.46% calcium deficiency (Figure 1). Sun exposure time (min) among the individuals with
obesity was 13.2 + 5.2 minutes/day, and no statistical difference was observed between them

after their categorization into MHO and MUHO phenotypes.
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Markers and Micronutrients of Bone Metabolism
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Figure 1. Frequency (%) of adequacy and inadequacy of markers and micronutrients of bone
metabolism of the sample comprising 223 adults with obesity. Abbreviations: Ca: calcium; P:
phosphorus; Vit. D: vitamin D; K: potassium; Zn: zinc; Mg: magnesium; Vit. B12: vitamin

B12; PTH: Parathyroid hormone; AP: Alkaline Phosphatase.

7.2.4.2. Characterization of the population according to the MHO and MUHO phenotypes

Based on the NCEP-ATPIII criterion, the classification of subjects showed that 32.73%
(73 out of 223) were categorized as MHO and 67.26% (150 out of 223) as MUHO. Mean age
between the MHO and MUHO groups was 38.86 = 10.65 and 42.34 &+ 9.73 years (p=0.020)
respectively, and a statistical difference was found between phenotypes.

Regarding the clinical, biochemical and anthropometric parameters of the MHO and
MUHO groups (Table 1), statistically significant differences were found between the means of
the 4.28 + 3.56 and 7.93 + 8.70 (p=0.001), of insulin (mg/dL) 16.36 + 8.97 and 19.73 = 11.67
(p=0.018) and HOMA-IR 3.74 + 2.32 and 5.40 + 4.22 (p=0.002) of the WHO and MUHO
groups, respectively.

As for the other metabolic variables (clinical and biochemical) present in the NCEP-
ATP III classification criteria, the prevalence of 36% of SH in the MHO group was significantly
lower (p<0.001) when compared to the MUHO group where it reached 87%. Similarly,
significantly lower values of fasting glucose (mg/dL) 91.03 £ 15.99 vs. 106.81 + 30.42
(»<0.001) and TG (mg/dL) 123.04 + 140.94 vs. 190.25 £ 239.38 (p=0.009) were found, in
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addition to significantly higher concentrations of HDL-c (mg/dL) 52.25 + 11.64 vs. 42.49 +
8.96 (p<0,001) in the MHO group, when compared to the MUHO group.

We observed that the prevalence of NAFLD was significantly higher (p<0,001) in the
MUHO group, when compared to the MHO (Table 1). In the analyzed profile of markers and
micronutrients of bone metabolism selected for the study, AP showed a significant difference

between the groups (p=0.016), lower in the MHO group (Table 2).

Table 1. Clinical, biochemical and anthropometric characteristics of the MHO and MHUO phenotype

MHO (n=73 MUHO (n=150
General characteristics Mean(ﬂ: SD) Mean(ﬂ: SD ) p-value
Clinical variables
Systolic H (mmHg) 123.36 £23.45 140.00 +30.47 0.001*
Diastolic H (mmHg) 76.63 £ 18.09 90.29 £ 24.45 0.001*
SH (%) Yes 35.60 (n=26) 87.30 (n=131) 0.001**
No 64.40 (n=47) 12.70 (n=19)
Yes 83.60 (n=61 94.00 (n=141 0.025%*
NAFLD (%) No 16.40 En:IZ; 6.00((n:9) )
Anthropometric variables
Weight (Kg) 118.46 £16.30 118.04 +19.86 0.876
Height (meters) 1.66 + 0.08 1.66 +0.10 0.723
BMI (Kg/m?) 42.99 +4.48 42.51 +£4.86 0.465
AC (cm) 118.18+11.72 120.54 + 13.89 0.186
VAI 428 £3.56 7.93+8.70 0.001*
Biochemical variables
Glucose (mg/dL) 91.33+15.99 106.81 +30.42 0.001*
Insulin (mg/dL) 16.36 + 8.97 19.73 £ 11.67 0.018%*
HOMA-IR 3.74+£2.32 5.40+4.22 0.002*
Total Cholesterol (mg/dL) 197.67 £ 36.07 199.06 + 57.16 0.826
LDL-c (mg/dL) 121.10+ 31.61 120.31 +£35.53 0.867
HDL-c (mg/dL) 52.25+11.64 42.49 £ 8.96 0.000*
Triglycerides (mg/dL) 123.04 £ 140.94 190.25 £239.38 0.009*
CRP (mg/dL) 0.88+0.71 0.97 £0.93 0.427

*¢-Student test (p<0.05); **Pearson’s Chi-Square (X?) Test (p< 0.05); Abbreviations: SD: standard deviation;
H: Hypertension; SH: Systemic Hypertension; NAFLD: Non-Alcoholic Fatty Liver Disease; BMI: Body Mass Index; AC:
Abdominal Circumference; VAI: Visceral Adiposity Index; HOMA-IR: Homeostasis Model Assessment — Insulin Resistance;

LDLc: Low Density Lipoprotein Cholesterol; HDL-c: High Density Lipoprotein Cholesterol; TG: Triglycerides; CRP: C-
Reactive Protein.
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Table 2. Profile of biomarkers and micronutrients of bone metabolism according to the MHO

and MUHO phenotypes
Variables MHO (n=73) MUHO (n=150) p-value
Mean + SD Mean + SD
Calcium (mg/dL) 391+£1.40 3.906 + 1.87 0.987
Phosphorus (mg/dL) 3.58 £0.58 3.65+0.63 0.799
25(0OH)D (ng/mL) 22.33+£7.79 22.69 + 8.31 0.747
Potassium (mg/dL) 5.26+£6.90 4.69+4.84 0.527
Zinc (mg/dL) 99.97+32.34 99.94 £27.28 0.994
Magnesium (mg/dL) 2.04+0.15 2.00+0.20 0.168
Vitamin B12 (pg/mL) 370.55 +200.59 344.15+183.45 0.345
PTH (pg/mL) 42.09 +18.13 42.79 +16.08 0.779
AP (U/L) 70.56 +27.57 80.11 +27.56 0.016*

t-Student test (p< 0.05). Abbreviations: SD: Standard Deviation; 25(OH)D: Vitamin D; PTH: Parathyroid hormone;

AP: Alkaline Phosphatase.

7.2.4.3. Association and odds ratio (OR) of the markers of bone metabolism, according to the
MHO and MUHO phenotypes

We observed a statistically significant difference (p=0.031) in relation to the inadequacy
of PTH between the groups that was lower in the MHO group, 12% (n=9), when compared to
the MUHO group, 24% (n=38). No association between the phenotypes was found with the

other evaluated markers (Table 3).
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Table 3. Association between markers and micronutrients of bone metabolism according to the MHO and MUHO phenotypes

Variables MHO (n=73) MUHO (n= 150) p-value
A t 79.5 (n=58 70.70 (n=106
Calcium (%) dequate (u=538) (u=106) 0.108
Inadequate 20.5 (n=15) 29.3 (n=44)
Adequat 89.0 (n=65 87.3 (n=131
Phosphorus (%) equate ( ) ( ) 0.449
Inadequate 11.0 (n=8) 12.7 (n=19)
Deficient 38.4 (n=28) 39.3 (n=59)
25(OH)D (%) Insufficient 47.9 (n=35) 43.3 (n=65) 0.720
Sufficient 13.7 (n=10) 17.4 (n=26)
) Adequate 84.9 (n=62) 79.3 (n=119)
Potassium (%) 0.207
Inadequate 15.1 (n=11) 20.7 (n=31)
) Adequate 75.3 (n=55) 80.7 (n=121)
Zinc (%) 0.228
Inadequate 24.7 (n=18) 19.3 (n=29)
Adequat 89.0 (n=65 80.0 (n=120
Magnesium (%) equate (a=63) (n=120) 0.064
Inadequate 11.0 (n=8) 20.0 (n=30)
Adequat 42.5 (n=31 48.0 (n=72
Vitamin B12 (%) eduate (®=31) (e=72) 0.263
Inadequate 57.5 (n=42) 52.0 (n=78)
Yes 12.3 (n=9) 24.0 (n=36)
PTH (%) 0.029*
No 87.7 (n=64) 76.0 (n=114)
Altered 2.7 (n=2) 2.70 (n=4)
AP (%) 0.640
Unaltered 97.3 (n=71) 97.3 (n=146)

*Pearson’s Chi-Square (X?) Test (p<0.05). 25(OH)D:Vitamin D; PTH: Parathyroid Hormone (Yes or No for Hyper-Parathyroidism); AP: Alkaline Phosphatase
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To investigate the risk factors for alteration in bone metabolism according to
phenotypes, a logistical regression analysis was performed, adjusted for confounding variables
(age, gender, physical activity and NAFLD). The MUHO phenotype was more associated with
risk factors for alteration in markers and micronutrients of bone metabolism. This association
remained even after adjusting clinical and biochemical variables and pathological diagnosis,
the OR of the MUHO group for inadequacy of calcium (OR: 4.11; 95% CI: 2.33 - 6.66),
phosphorus (OR: 3.03; 95% CI: 1.98 - 5.79) vitamin D (OR: 5.01; 95% CI: 2.92 - 6.71) and
PTH (OR: 5.45, 95% CI: 4.49 - 6.74) were significantly higher compared to the MHO group
(Table 4).

Table 4. Risk factors for alteration in bone metabolism according to the MHO and MUHO
phenotypes

Variables MHO (n=73) MUHO (n=150)
AOR AOR
. 3.13 4.11*
Calcium
[2.23 - 6.01] [2.33 - 6.66]
2.03 3.03*
Phosphorus
[0.88 - 4.69] [1.98 - 5.79]
55(OH)D 2.89 5.01*
(OH) [1.92 - 3.98] [2.92 - 6.71]
] 1.17 1.71
Potassium
[0.48 - 2.83] [0.69 - 3.07]
. 1.97 1.85
Zinc
[0.91 -2.91] [0.87 - 3.91]
M . 1.09 3.50
agnesium
g [0.93 - 1.99] [2.03 - 4.77]
Vitamin B12 0.89 2.51
itamin
[1.12-3.42] [1.56 - 5.41]
PTH 5.11 5.45%
[4.12 - 6.48] [4.49 - 6.74]
2.31 2.00
AP
[0.88 - 4.68] [0.68 - 4.68]

AOR: Adjusted Odds Ratio (95% Confidence Interval) adjusted for age; gender; physical activity; hepatic steatosis. All
variables had a significant association with p<0.05.

7.2.5 Discussion

This study presents two main findings. First, individuals with obesity, regardless of their
classification into MHO or MUHO phenotypes, showed associations with alterations in the
investigated markers and micronutrients of bone metabolism. Secondly, the combination of
obesity with the metabolically unhealthy status has raised the risk for alterations in these

markers and micronutrients which are important for bone metabolism. The strong point in our
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study is to have been the first to report the relationship between the MH phenotype and a set of
biochemical variables important to bone health in individuals with class III obesity, since it the
previous publications in the literature have evaluated classes I or II obesity and correlated the
MH phenotype with diabetes mellitus [35], SH [36], NAFLD [11,37], cardiovascular diseases
[38,39,40], and with lower risk of mortality [41]. However, we assume as one of our limitations
the absence of some variables (bone mineral density, vitamin K and osteocalcin, for example)
related to the bone-metabolic and bone-muscle profile of the investigated sample. Even so, we
believe that the set of biochemical markers (nutrients or not) selected here for study was able
to demonstrate how relevant they are and how important is the role they play in the mechanisms
related to the maintenance of bone health and prevention of various diseases, especially those
of bone-metabolic and muscular nature, as it has been pointed out by several epidemiological

studies cited here.

7.2.5.1. General characterization of the population, according to the MHO and MUHO
phenotypes

The prevalence of the MHO phenotype found in our study was 32.73%. Evidence has
shown that 20-30% of obese individuals are classified as MHO [42]. Other authors have
described frequencies of 14.9% [43], 19.5% [36] and 36.6% [44]. Nonetheless, in these studies,
different classes of obesity were evaluated using distinct methods for the classification of the
MH phenotype, which could also justify the differences found.

Although both phenotypes showed significant inadequacy in four of the five variables
comprising the NCEP-ATP III classification criterion (Table 1) except for AC, which we
believe has not been deferred since the study comprises individuals with class III obesity [45]
(Table 1). SH was the most strongly variable associated with the MH phenotype with high
prevalence (87%) among the MUHO group. Our results corroborate previous findings
[36,42,46]. Current evidence [37,46] also suggests that there are additional -clinical
characteristics of MHO that include the importance of lipid, hepatic and inflammatory profiles
in relation to the MH phenotype.

We found a high frequency (90.58%) of NAFLD, mainly in the MUHO group (94%),
which suggests the existence of an important relationship with the MH phenotype, particularly
if considering that liver fat content as a marker that has been highlighted in the context of the
definition of this phenotype. However, it was not possible to further investigate these results
since the diagnosis of NAFLD was carried out by abdominal US with no possibility of
evaluation of its severity.
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Individuals with obesity present different patterns of body fat distribution related to
distinct metabolic phenotypes [47]. In our study we found significantly smaller values of VAI
in the MHO group, when compared to the MUHO. This finding suggests a difference between
the MHO and MUHO phenotypes in what concerns the site of the largest body fat deposit.

In addition, the other differences in the clinical and metabolic profile observed in our
study, such as the one verified in relation to the HOMA-IR parameter (Table 1), can be justified
through several mechanisms not yet clarified for interaction between genetic, environmental,

and behavioral3%4447,

7.2.5.2 Characterization of biochemical markers of bone metabolism, according to the MHO

and MUHO phenotypes

When we compared the profile of markers of bone metabolism, we observed that AP
was related to the MH phenotype. Higher plasma concentrations of the marker were observed
in the most compromised metabolic phenotype, MUHO (Table 2). AP is a marker of bone
formation. When it is present at elevated levels on the surface of the cytoplasmic membranes
of osteoblasts and pre-osteoblasts, AP contributes to the beginning of mineralization and the
progressive growth of hydroxyapatite crystals [48]. In individuals with class III obesity, this
alteration is usual [49]. This marker tends to be in greater concentration when there is vitamin
D deficiency. Besides, it is still influenced by the homeostasis of PTH, calcium and vitamin D
[50,51]. Alterations in this triad of markers and micronutrients have been associated with
unfavorable metabolic outcomes in relation to bone [52,53] and hepatic health [45,54].
Therefore, even though the other markers did not differ in the MHO and MUHO phenotypes,
we believe it is important to further evaluate the significance of the observed alterations, as they

are markers of increased bone remodeling.

7.2.5.3. Association and odds ratio of markers and micronutrients of bone metabolism,

according to the MHO and MUHO phenotypes

Independently of the MHO and MUHO phenotypes, we observed high frequencies of
inadequacy, mainly of AP and PTH markers, in addition to vitamin D, vitamin B12 and calcium
(Figure 1). Obesity per se can alter the production pattern of biochemical markers of bone
metabolism, regardless they are nutrients or not, as they depict bone formation or reabsorption
[55,56]. Such inadequacies often occur in individuals with class III obesity [52,57,58]. They
are related to pathogenesis of various diseases, including bone-metabolic diseases, bone-muscle

diseases [53,59] and NAFLD [54].
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Considering the high prevalence of NAFLD in our subjects, mainly in the MUHO group
(94%), we assume it may be related to alterations in some of these evaluated markers, especially
vitamin D deficiency [45,60], since the first hydroxylation of this vitamin occurs in the liver
and when this organ is functionally compromised it can interfere in the metabolism of vitamin
D, and consequently, in its bioavailability. Regarding micronutrient deficiencies, our findings
are also in line with previous studies [61,62] that have pointed out that vitamins (vitamin D and
vitamin B12) and minerals (calcium, phosphorus, potassium, zinc and magnesium) are often
inadequate in adults with obesity. We also observed varying degrees of deficiency in all these
micronutrients, although no significant difference was found according to the MHO and MUHO
phenotypes (Table 3). However, after logistic regression and adjustments in confounding
factors, the MUHO phenotype presented high and significant values of OR for calcium (OR:
4.11%*; 95% CI: 2.33* — 6.66), phosphorus (OR: 3.03; 95% CI: 1.98 - 5.79) and vitamin D (OR:
5.01%; 95% CI: 2.92 - 6.71) that have been associated with the greatest risk for alteration in
bone metabolism (Table 4).

Several studies indicate that deficiencies of calcium, vitamin D and phosphorus in the
long term, especially when associated with obesity as we observed in our study, increase the
risk of fractures and can also be associated with the greater prevalence of osteoporosis,
osteoarthritis, sarcopenia [52,53,63], in addition to osteosarcopenic obesity [59,64]. After
adjusting for age, gender, physical activity and presence of NAFLD, we observed association
between calcium, vitamin D and phosphorus in the MUHO phenotype, thus showing that such
variables appear to have been influenced by the most compromised metabolic profile. These
findings are of great relevance since vitamin D is necessary to maintain normal levels of
calcium and phosphorus which in turn are necessary for proper bone mineralization, among
many other functions [65]. Its deficiency was related to loss of bone mass in individuals with
obesity [66]. Vitamin D deficiency causes increased bone turnover, with increase in markers
such as alkaline phosphatase, as we observed in our study, and it is associated with increase in
fracture risk [52].

Inadequacy of PTH was the only variable associated with the MH phenotype (Table 3).
We found significantly higher inadequacy of this hormone in the MUHO group, with a
prevalence of 24% of secondary hyperparathyroidism. Besides, this group showed significantly
greater risk for alteration in PTH (OR: 5.45; 95% CI: 4.49 - 6.74) when compared to the MHO
group (OR: 5.11;95% CI: 4.12 - 6.48), thus reinforcing the relationship with the MH phenotype
(Table 4). Secondary hyperparathyroidism is very frequent mainly in individuals with class III

obesity and it courses with other nutritional deficiencies [58,67], as we found in our study.
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Vitamin D and calcium deficiencies and hormonal alterations such as secondary
hyperparathyroidism when untreated result in bone diseases [49,68]. Based on our findings, we
postulate that obesity per se already promotes detrimental alterations in markers of bone
metabolism independently of the MH phenotype. Our findings also emphasize the importance
of considering this phenotype, especially when it is associated with class III obesity, in order to
subsidize nutritional interventions in clinical practice, considering the differences observed

between the metabolic profiles of the MHO and MUHO phenotypes that were studied.

7.2.6 Conclusions

The Metabolically Healthy Obesity Phenotype does not protect adults with class III
obesity from developing biochemical alterations related to bone metabolism. Nonetheless, this
class of obesity, when associated with the Metabolically Unhealthy Phenotype, presents a
higher risk for alterations of PTH, Calcium, Vitamin D and Phosphorus, thus favoring the
emergence of metabolic bone diseases. We suggest the conduction of new studies, preferably
with follow-ups, to deeply investigate the significance of our findings, pointing out the possible
trigger factors for the alterations encountered and their real impact on the bone health of adults
with obesity. In this way, strategies in clinical practice can be adopted in order to minimize

such undesirable effects on this population.

7.2.7 Patents
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7.3 Artigo 3.

Loureiro, LM. et al. Relationship between the biomarkers of bone metabolism and hepatic
engymes according to the stage of Nonalcoholic Fatty Liver Disease and the Metabolically
Healthy Obesity Phenotype

Artigo aceito pelo periddico Hepatic Medicine: Evidence and Research

(Anexo 8)

7.3.1 Abstract:

Objective: To analyze the relationship between the biochemical markers of bone and hepatic
metabolism in different stages of NAFLD according to the metabolically healthy obesity
phenotype (MHO). Methodology: This is a cross-sectional study with Class III obese
individuals metabolically classified according to the obesity phenotypes proposed by the NCEP
ATP III criteria. Biochemical and anthropometric variables were analyzed according to the
staging of NAFLD, obtained by biopsy. Statistical tests were used considering a 5%
significance level Results: A total of 50 subjects with NAFLD, 62% (n=31) with steatosis and
38% (n=19) with steatohepatitis without fibrosis; 36% were classified as MHO and 64% as
MUHO, respectively. Mean values of alkaline phosphatase were 85.44 + 27.27 vs. 61.92 +
17.57 (p=0.006); gamma-glutamyl transpeptidase, 25.77 £ 15.36 vs. 30.63 £ 19.49 (p=0.025);
and albumin, 3.99 + 0.34 vs. 4.24 + 0.23 (p=0.037), were lower and statistically significant in
the MHO group with steatosis. No significant statistical differences were found between the
MHO and MUHO phenotypes when compared to other parameters and degrees of staging of
NAFLD. Conclusion: MHO individuals with steatosis present lower severe changes related to
markers of liver damage and function, as well to those related to bone metabolism when

compared to MUHO individuals.

Keywords: obese; phenotype; bone markers; liver function indicator; NAFLD.

7.3.2 Introduction

Obesity is a worldwide epidemic! and the class III obesity has become the most

prominent metabolic disorder in recent years.? Many metabolic disorders are favored by the
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inflammatory profile of obesity, but also by nutritional deficits®, especially related to
micronutrients (such as vitamin D, calcium and others)*®, enzymatic and hormonal

alterations®’- 8 9. 10. 11, 12

many metabolic disorders area favored, include body and systemic
changes, as abdominal adiposity, dyslipidemia, hyperglycemia, hypertension, insulin
resistance, as well as increased inflammatory status'®>. Among those individuals with severe

obesity 1413

, such disorders have led to the increased prevalence of non-alcoholic fatty liver
disease (NAFLD) and bone metabolic diseases. Several recent studies, however, have shown
that obesity could independently contribute to the development of NAFDL. Beyond the clinical
relevance of obesity, the concept of being metabolically healthy (MHO) or unhealthy obese
(MUHO) according to the NCEP-ATP III criteria, rooted from the characteristics of metabolic
syndrome, has recently gained highlight after adopting the notion that an individual can exhibit
an obese phenotype that appears to be more protected from the metabolic changes since such
individual presents the metabolically healthy obesity phenotype (MHO). showing excess body
fat, such individuals have a less compromised metabolic profile than those classified into the
metabolically unhealthy obesity phenotype (MUHO).!

Many studies have investigated the clinical relevance of MHO and MUHO phenotypes
using various biomarkers and diseases such as type 2 diabetes!’, atherosclerosis, cardiovascular
diseases'®, chronic kidney diseases and others®!%-20,

NAFLD one of the most frequent chronic liver diseases, present in about 90% of class
III obesity individuals®® 2!, In fact, obesity is a well-known risk factor in the histological
spectrum variations of NAFLD. However, it is unclear whether the impact of obesity on the
staging of this liver disease can occur independently of metabolic changes, such as
hyperglycemia, systemic arterial hypertension and dyslipidemia?2.

In view of the need for further studies that evaluate the different profiles in the obesity
phenotypes (MHO and MUHO) and their influence on NAFLD, especially in its different
degrees of staging, the objective of the present study was to analyze the relationship between
biochemical and anthropometric variables in different degrees of staging of NAFLD in adults
with class III obesity classified according to the MHO and MUHO phenotypes, with the aim of
identifying possible differences that may support more assertive intervention strategies for these

individuals in a clinical practice

7.3.3 Material and methods
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7.3.3.1 Study design and population

This is a descriptive, cross-sectional study with a convenience sample. Subsequently, a
systematic sampling technique was applied to obtain a sub-sample with liver biopsy data,
including adults with class IIT obesity?*, with a diagnosis of NAFLD with grading and staging
by liver biopsy, attended at the Multidisciplinary Center for Bariatric and Metabolic Surgery
(MCBMS) in Rio de Janeiro — RJ, Brazil. Data collection occurred from November 2014 to
July 2016.

Class III obesity individuals [body mass index (BMI) >40 kg/m?], of both genders were
included, mean age >20 and <60 years, with indication for bariatric surgery. Exclusion criteria
were as follows: pregnancy or lactation, history and/or presence of chronic kidney diseases
(defined by estimated glomerular filtration rate (GFR) <60 mL/min/1.73m?) 24, liver diseases
[except non-alcoholic fatty liver disease (NAFLD)], acute or chronic infections, elevated serum
calcium levels, irritable bowel syndrome, previous restrictive and disabsorptive surgeries,
neoplasias, diagnosis of endocrinopathies (hyperparathyroidism, hypothyroidism,
hypercortisolemia), alcohol intake exceeding 20g/day for women and 40g/day for men, use of
multivitamin and mineral supplements. This study was approved by the Research Ethics
Committee of Hospital Universitario Clementino Fraga Filho (HUCFF) of the Universidade
Federal do Rio de Janeiro (UFRJ) (Federal University of Rio de Janeiro) under Scientific
Advice in accordance with Resolution n° 196 of the National Health Council (Research Protocol
number 011/06-CEP). Inclusion of patients in the project was carried out through their formal

authorization with the signing of the Informed Consent Form.

7.3.3.2 Definition of the obesity phenotypes: MHO and MUHO

Participants were divided in two obesity phenotypes, MHO and MUHO, according to
the Third Report of the National Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (NCEP-ATP III) criteria.?® The
subjects who showed alterations in >3 of the following five criteria were considered
metabolically unhealthy obese (MUHO): (1) waist circumference (WC) >102cm for men and
>88cm for women; (2) fasting glucose >100 mg/dL; (3) fasting triglycerides >150 mg/dL; (4)
high density lipoprotein (HDL) <40mg/dL for men and <50mg/dL for women; and (5) blood
pressure >130/>85 mmHg. The metabolically healthy obese (MHO) phenotype was defined as
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obesity without metabolic syndrome (i.e. BMI >40 kg/m2 and presence of two components of

metabolic syndrome).

7.3.3.3 Assessment of body variables

Height (using a Sany stadiometer) and weight (using a Welmy electronic platform scale
with maximum weighing capacity of 300 kg) were measured with the participants standing
without shoes and heavy outer garments. BMI (Kg/m? was conducted based on the
anthropometric measurements of weight (Kg) and height (m), according to the World Health
Organization (MHO).?* Waist circumference (WC) was measured based on Lohman et al. >
with cutoff points according to the NCEP-ATP II1%°. The measurement of the diameter (cm) of
the waist circumference (WC) was performed with the patient standing straight, abdomen
relaxed, arms beside the body and feet together without heavy outer garments and with emptied
pockets, breathing out gently. The visceral adiposity index (VAI), which is an empirical
mathematical model, gender-specific, based on simple anthropometric data (BMI and WC) and
biochemical parameters (TG, LDL-c and HDL-c), indicative of fat distribution and function,
was calculated according to Amato.?¢ All measurements were performed in duplicate by a single

trained observer and variations up to 0.5 cm were accepted and mean was calculated.

7.3.3.4 Clinical assessments

The clinical variables considered by the study were those determined from the
frequencies of non-alcoholic fatty liver disease (NAFLD) and systemic hypertension (SH). Data
on NAFLD and SH were obtained through the medical records of the patients. The diagnosis
of NAFLD was determined by a complete abdominal ultrasound (CAU), conducted by a single
physician with expertise on imaging diagnosis, following the methodology proposed by Pratt
& Kaplan?’ using a unit C display, Philips® 2-5 MHz Convex transducer (Barueri, Sdo Paulo,
Brazil). SH was diagnosed by a professional expert, following the methodology proposed by
the VII Brazilian Guidelines of Systemic Hypertension (SOCIEDADE BRASILEIRA DE
CARDIOLOGIA - SBC, 2016).2

7.3.3.5 Evaluation of circulating biochemical parameters

For biochemical evaluation, a total of 5 ml blood sample was obtained via venipuncture

after a 12-hour fast. Laboratory tests were conducted to characterize lipid profile [total
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cholesterol, low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol
(HDL-c) and triglycerides), liver damage and function (albumin, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phosphatase (AP), gamma-glutamyl
transpeptidase (GGT)], markers of bone metabolism [parathyroid hormone (PTH) 25(OH)D
and calcium], glucose and insulin. The overall analyses were performed in laboratory with
certifications, in partnership with the Center for Research on Micronutrients of the Institute of
Nutrition of the UFRJ and the MCBMS.

The serum concentrations of total cholesterol, triglycerides, blood glucose and GGT were
analyzed by the enzymatic colorimetric method (Labtest Diagnéstica S.A., Minas Gerais,
Brazil), and the Low-Density Lipoprotein Cholesterol (LDL-c) and High-Density Lipoprotein
Cholesterol (HDL-c) fractions were obtained by the selective inhibition method. LDL-c fraction
was calculated in accordance with the Friedewald’s formula.?®. Albumin was analyzed by the
colorimetric method. AST and ALT were analyzed by the kinetic ultraviolet method (Labtest
Diagnostica S.A., Minas Gerais, Brazil) and serum alkaline phosphatase (AP) by the kinetic
colorimetric enzymatic method®’, and the cutoff point was <130.0 U/L. Basal insulin was
quantified by reversed-phase high-performance liquid chromatography (RP-HPLC) and the
cutoff point adopted was 24.9 IU/mL. The cutoff points for total cholesterol and its fractions,
triglycerides and fasting glucose were those established by the NCEP-ATP 1II criteria®®. For
liver enzymes (albumin, AST, ALT, GGT) the cutoff points were > 3.5 g/dL and < 5.0 g/dL; <
40 U/L; < 41 U/L and > 5 and 60 U/L respectively?°.

Insulin resistance (IR) was identified by the formula of the homeostasis model
assessment of insulin resistance (HOMA-IR) as follows: fasting insulin (uIU/ml) x fasting
blood glucose (mg/dL)/4053!, with >2.5 cutoff point.*?

PTH was analyzed by the immunoenzymatic method by chemiluminescence®® with
cutoff points for inadequacy >53.0 pg/mL (secondary hyperparathyroidism).

The serum concentration of 25(OH)D was quantified by high-performance liquid
chromatography-ultraviolet detection method (HPLC-UV) (Labtest Diagnostica S.A., Lagoa
Santa, Minas Gerais, Brazil). The nutritional status of vitamin D was analyzed by quantification
of the serum concentrations of 25(OH)D, and cutoff points were <20 ng/mL (deficiency), >20
ng/mL and <29 ng/mL (insufficiency) and >30 ng/mL and <100 ng/mL (adequacy).*® The
nutritional status of calcium was determined by quantification of serum concentrations of ionic
calcium by direct dosage using selective electrodes and the cutoff point adopted for inadequacy

was <4mg/dL.>>
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7.3.3.6 Diagnosis of NAFLD — Liver Biopsy

Histological evaluation was conducted through a withdrawal of 4mm thickness of the
left lobe of the liver via puncture using a 16 G x 15 cm Menghini needle (Euromed, Minas
Gerais, Brazil). Biopsies were conducted by the medical surgeon along with the bariatric
surgery. The overall histological evaluations were performed by the same pathologist, who had
no knowledge of the biochemical and clinical data of the patients, through staining of parts by
hematoxylin-eosin, Masson's trichrome and Perls’ Prussian blue stain (Interlab, Sdo Paulo,
Brazil). Hematoxylin-eosin allows a general view of the acinar architecture, inflammatory
infiltrates and changes in hepatocytes. Masson verifies the presence of fibrosis, whether portal,
perisinusoidal or around centrilobular veins. Perls verifies the presence of iron deposits®”

Grading of NAFLD and staging of hepatic fibrosis were set in accordance with the
proposal of Brunt et al. ©’. Grading was performed considering the presence of macrovesicular

steatosis (simple steatosis) and necroinflammatory activity (presence of NASH):

Macrovesicular steatosis

Grade 0: no steatosis;

Grade 1 (mild): < 33% of fat accumulation in hepatocytes;

Grade 2 (moderate): between 33% and 66% of hepatocytes affected;
Grade 3 (severe): >66% of hepatocytes affected.

Necroinflammatory activity (NASH)

Grade 0: no steatosis;
Grade 1 (mild);
Grade 2 (moderate);

Grade 3 (severe).

Staging of fibrosis was performed in individuals with NASH:

Stage 0: no steatosis;

Stage 1: Presence of pericellular or perisinusoidal fibrosis in Zone 3, focal or extensive;
Stage 2: Presence of pericellular or perisinusoidal fibrosis in Zone 3 associated with the
presence of focal or extensive periportal fibrosis;

Stage 3: Presence of pericellular or perisinusoidal fibrosis in Zone 3 and focal or extensive

fibrotic bridges;
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Stage 4: Cirrhosis.

7.3.3.7 Statistical analyses

Statistical analyses were performed using the Statistical Package for the Social Sciences
(SPSS)* for Windows version 21.0, IBM Corporation (Armonk NY, USA). To verify the
normality of the sample, the Kolmogorov-Smirnof test was performed. Continuous variables
were expressed as mean and standard deviation. Categorical variables were compared using
Pearson's Chi-square test. Continuous variables according to the MHO and MUHO phenotypes
were compared using Student's t-test.

Two-way ANOVA analyzes were performed to compare the markers of bone
metabolism (Vitamin D, calcium and PTH), and liver function and damage indicators,
according to the MHO and MUHO phenotypes and the degrees of staging of NAFLD. Later,
the tukey test was performed to verify the difference between the groups studied. To test the
homogeneity of proportions among categorical variables Pearson's Chi-square test, Fisher's
exact test was applied, and Pearson's Linear Correlation was used for the continuous variables.
All statistical analyzes were performed using Statistical Package for Social Sciences (SPSS,

Chicago IL) for Windows version 21.0. The level of significance was set at 5% (p <0.05).

7.3.4 Results

7.3.4.1 General characterization of the studied population

A total of 232 adults with obesity and diagnosis of NAFLD were recruited for study and
were in the preoperative period of bariatric surgery. Of these, nine adults were excluded from
the study because they did not meet any of the eligibility criteria, two of them for being 60 years
of age, three being diagnosed with class II obesity, and the remainder because they had
important information which could not be answered at the time of the consultation with the
nutritionist for data collection. NAFLD was present in 97.58% of the 223 eligible adults for the
study. After a systematic sampling technique, where, for each five patients evaluated during the
study period, one was selected to staging of NAFLD by liver biopsy, a sub-sample of 50

individuals selected.
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The sample comprised 50 adults with class III obesity and NAFLD, 62% (n=31) with
steatosis and 38% (n=19) with steatohepatitis without fibrosis, predominantly sedentary, 78%
(n=39) and females 86% (n=43), mean age of 43 & 10.5 years. No statistical difference between
genders was observed (p=0.061). Systemic Hypertension (SH) and Insulin Resistance (IR) were
present respectively in 60% (n=30) and 62% (n=31) of the studied sample.

7.3.4.2 Characterization of the population according to the MHO and MUHO phenotypes

According to the NCEP-ATPIII criteria, the classification of subjects showed 36% of
the subjects were categorized as MHO and 64% as MUHO. Mean age between the MHO and
MUHO groups was 42.7 + 11.2 and 45.6 + 10.8 years respectively, and no statistical difference
was found between the phenotypes (p=0.377), although participants in the MUHO group were
older.

Regarding the anthropometric and biochemical variables of the MHO and MUHO
groups (Table 1), statistically significant differences were found between the means of the
enzymes of liver function such as albumin (g/dL) 4,1 + 0,4 vs. 4,3 £ 0,5 (p=0.044) and ALT
(mg/dL) 22,9 + 9,9 vs. 29,9 + 18,1 (p=0.008); the means of the bone metabolism markers, AP
(U/L) 64,3 + 18,1 vs. 82,7 £ 23,8 (p=0.007); and the means of HDL-c (mg/dL) 47,6 &+ 15,3 vs.
40,6 = 8,9 (p=0.047) of the MHO and MUHO groups, respectively (Table 1). The
concentrations evaluated were significantly lower in the MHO group.

Similarly, the prevalence of SH, 17% (n=3), was also was significantly lower (p=0.041),
in the MHO group, when compared to the MUHO group, where it they reached 84% (n=27). In
relation to the prevalence of IR, in the MUHO group it that was higher 72% (n=23) than in the
MHO group, 50% (n=9), although no significant difference was found between the groups
(p=0,078). In relation to others markers of bone metabolism and anthropometric variables

between the groups, no statistical differences were found as well (Table 1).

7.3.4.3 Biochemical indicators of liver function and damage according to the degrees of

staging of NAFLD and the obesity phenotypes

As for the biochemical indicators of liver function and damage, considering the degrees
of staging of NAFLD according to the MHO and MUHO phenotypes (Table 2), we observed
that between the MHO and MUHO groups with steatosis statistically significant differences
were found in the mean values of GGT (U/L), 25.77 £ 15.36 vs. 30.63 = 19.49 (p=0.025); and
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albumin (g/dL) concentrations, 3.99 + 0.34 vs. 4.24 + 0.23 (p=0.037). Nonetheless, no statistical
difference was found in relation to steatohepatitis without fibrosis between the MHO and

MUHO phenotypes or intra-groups.

7.3.4.4. Bone metabolism biochemical markers according to the degrees of staging of NAFLD
and the obesity phenotypes

According to the biochemical markers of bone metabolism and considering the degrees
of staging of NAFLD of the MHO and MUHO phenotypes (Table 3), we found statistically
significant differences in the mean values of AP (U/L), 85.44 + 27.27 vs. 61.92 + 17.57
(»=0.006) and calcium (mg/dL), 4.59 £ 0.24 vs. 4.69 £ 0.23 (0.042) between the MHO and
MUHO groups with steatosis, respectively, and no intra-group differences. Vitamin D and PTH
markers were not associated with the MHO phenotype at any of the degrees of staging of the
studied NAFLD, including intra-groups and between the groups.

7.3.5 Discussion

The strong point of this study is the fact that it was one of the few to report, in individuals
with class III obesity and NAFLD, the relationship between the MHO phenotype and a set of
biochemical variables with importance for liver function and bone metabolism. The study
presents four main findings. The first is the presence of the MHO phenotype associated with
low changes in indicators of liver damage and function and markers of bone metabolism in
individuals with steatosis. The second is the combination of obesity with the metabolically
unhealthy status with obesity associated with greater impairment of the variables studied,
independent of the staging of NAFLD. The third is the combination of obesity and NAFLD per
se, regardless of the MHO and MUHO phenotypes that are already capable of causing
alterations in markers of bone and liver metabolism. The fourth, calcium and PA, some of the
markers of bone metabolism selected for this study, were associated with the MHO phenotype
in the initial stage of the studied NAFLD. Nonetheless, we assume, as possible limitations of
study, the sample size for evaluating the relationship between the liver and bone biochemical
parameters, the MHO phenotype and the staging of NAFLD, in addition to the absence of other

markers of bone metabolism.
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7.3.5.1 General characterization of the studied population

Obesity is related to the spectrum of hepatic abnormalities known as NAFLD3738, Tt is
estimated that 25% of the adult world population presents NAFLD, and this incidence seems to
occur more expressively in individuals with Class III obesity, where about 90% of them present
NAFLD 20214939 T our sample, among the 50 adults with class III obesity and NAFLD,
submitted to liver biopsy, 62% had steatosis and 38% had steatohepatitis without fibrosis.

Individuals with NAFLD are up to 4.4 times more likely to develop hepatocellular
carcinoma, which is a general population and larger in appearance when associated with
obesity*!. Currently, the main mechanisms that justify this strong association are related to
chronic low-grade inflammation, oxidative stress and insulin resistance 4*%,

Other aspect that deserves attention is physical inactivity, which is related to the increased
risk for NAFLD %6 and Obesity*. In our study, about 78% of the subjects were sedentary.
Evidence suggests that there is a strong association between the practice of regular physical
activity and the risk of developing Obesity*® and NAFLD. Moreover, such practice can also be
used as a strategy for the treatment of these diseases as it is effective in reducing the risk of
progression of NAFLD, reducing intrahepatic fat content, increasing beta oxidation of fatty
acids, inducing hepato-protective autophagy, attenuating apoptosis of hepatocytes and
increasing insulin sensitivity. In addition to being associated with suppression of the reactive
oxygen species (ROS) overproduction and consequent reduction of EO, via the regulation of
antioxidant enzymes and anti-inflammatory mediators*’.

Obesity and NAFLD are multifactorial diseases that still have several mechanisms not fully
elucidated, including those related to the progression of NAFDL, a context in which the MHO

phenotype emerges as a possible protection factor.

7.3.5.2 Characterization of the population according to the MHO and MUHO phenotypes

Our findings showed that the liver enzymes ALT (p=0.007) and albumin (p=0.044); and
markers of bone metabolism, AP (p=0.008) were at increased concentrations in individuals with
the MUHO phenotype, which suggests the existence of a possible protection factor among
individuals with the MHO phenotype, regarding the levels of impaired liver function. These

parameters have probably been altered as a consequence of expressive metabolic disorders
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already present in these individuals. This result corroborates the study conducted by Xu L et al.
(2017) %, who found ALT alterations more clearly mediated by increased BMI and CC effects.

The liver function and damage indicators assessed in our study are influenced by several
aspects, including the inflammatory profile of obesity itself. This inflammatory picture leads to
higher RI, greater accumulation of free fatty acids in the liver (altering ALT, AST, GGT and
PA), adipose and muscular tissue®’, and is associated with the most altered levels of metabolic

931,52 and others 3. As observed

alterations. such as fasting glycemia, insulin, HOMA-IR index
in our study, all these metabolic parameters were evaluated and were more compromised with
greater severity in the MUHO group. Our findings agree with the literature, since the MHO
phenotype may be presented as a protective factor for some metabolic complications>* when
compared to individuals with the MUHO phenotype, as seen in our study.

The MUHO phenotype presents a high risk of developing cardiovascular diseases®, and
the result presented in our study corroborates this trend, since higher concentrations of HDL-c
were observed in subjects with MHO (p=0.047). This biochemical marker has a protective
effect, which acts on the maintenance of the endothelium of the blood vessels, cleaning them
and the damages caused on these internal walls. These are the first steps in the process of
atherosclerosis, which causes heart attacks and strokes>®.

The major critical point of the MHO concept is related to the potent conversion of the
healthy to the unhealthy phenotype in later years, and this possible conversion results in
increased cardiovascular risk®’. In a controversial scenario, individuals with MHO seem to have
the idea of having a healthy reality, since they present a lower risk of developing
cardiometabolic alterations. Given this, the detailed phenotype of these individuals over time
will be made feasible with a real understanding of the pathophysiology of metabolic disorders.
In this scenario, it is highly necessary to identify the high risks present in this subgroup in order

to optimize the prevention and treatment strategies for the metabolic alterations presented.

7.3.5.3 Biochemical indicators of liver function and damage according to the degrees of staging

of NAFLD according the obesity phenotypes

Regarding markers of liver function and damage, it was observed that only the serum
concentrations of GGT (p= 0.025) and albumin (p=0.037) had lower values and statistically
significant values, in the MHO phenotype, when compared to MUHO, in stages of steatosis,

the milder form of liver disease, early and silent stage of NAFLD, without evident signs and
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symptoms. As it has already been established in the literature, these lesions and liver function
markers are not sensitive to define the true functioning of the liver, despite the simplicity of the
parameters involved and the calculation, besides the low cost®®, especially if evaluated
separately, which was not the case in our study, which sought to minimize this possible
limitation, combining these indicators of clinical diagnosis, with a diagnosis of abdominal US
imaging and staging of the disease through liver biopsy considered gold standard for this
purpose, since it is capable of evaluating degrees of steatosis and fibrosis, identifying
necroinflammatory changes.

The pathogenesis of NAFLD, particularly its mechanisms, still requires more scientific
clarification, but mechanisms of hepatocellular damage and inflammation are derived from the
toxic effects of excess lipids®>%°. However, the total accumulation of triglycerides in
hepatocytes is not the major determinant of lipotoxicity in hepatic disease; lipotoxic agents
affect cellular behavior through multiple mechanisms, including receptor activation leading to
apoptosis, endoplasmic reticulum stress, mitochondrial function modification, and oxidative
stress®!, common events in the context of obesity per se *%. And, in the MHO group
individuals generally have less ectopic fat stores and better insulin sensitivity than those who
are MUHO and may be able to have hepatic markers less altered by the more favorable
metabolic condition, transitional period®. In addition, the impairment of liver function related
to lipotoxicity under conditions of metabolic changes, such as in the case of established obesity,
has been considered part of the development and severity of NAFLD*, as it can be observed in
our study, regardless of the phenotypes, at the different stages (steatosis and steatohepatitis

without fibrosis) of NAFLD that were investigated.

7.3.5.4 Biochemical markers of bone metabolism according to the degrees of staging of NAFLD
and the obesity phenotypes

Some evidence indicates that in adults with class III obesity there is a strong association
between some markers of bone metabolism and the progression of NAFLD %!%! Tn our study,
lower serum concentrations of calcium (p = 0.042) and AP (p = 0.006) were associated with the
MHO phenotype in steatosis stage.

Nutritional deficiencies are often present in the obesity framework . Changes occur in
serum concentrations of vitamin D in individuals with obesity caused by the recurring
deficiency of this nutrient, which results in decreased calcium and phosphorus plasma levels

that, in turn, stimulate PTH secretion. Secondary hyperthyroidism, which is also a result from
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changes in plasma concentrations of PTH, is very common in individuals with severe obesity,
as is the case of our sample, and it courses with other nutritional deficiencies!?: 68,

It is therefore reasonable to think that the differences that were not found in the other markers,
such as vitamin D and PTH, markers that had been selected for our investigation, occurred
because they are already severely compromised in individuals with more severe obesity,
regardless of phenotype, as it seems to be the case of the individuals in our study. In addition,
vitamin D deficiency, even if not directly evaluated in our study, is worth highlighting due to

its relationship not only with obesity but also with the progression of NAFLD !7:66:67

7.3.6 Conclusion

The MHO phenotype does not protect adults with class III obesity and NAFLD from
developing anthropometric and biochemical changes that can negatively impact on the bone
and liver health, and in the progression of NAFLD in these individuals. Our study highlights
that MHO individuals present important metabolic alterations, when the bone and hepatic
metabolism indicators are considered. However, the MHO individuals with steatosis present
lower severity changes related to markers of liver damage and function (GGT and albumin), as
well those related to bone metabolism, when compared to MUHO individuals. Continuous

monitoring of these individuals is suggested, given the transient nature of the MHO phenotype.
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Table 1. Mean of Anthropometric and Biochemical Variables according to the MHO and MUHO
phenotypes

Phenotypes
Variables MHO (n=18) MUHO (n = 32) p value
Mean + SD Mean + SD
BMI (kg/m?) 42,0+4,4 41,0+3,6 0,380
VAI 84+9,6 9,3+14,1 0,807
Weight (Kg) 112,9 + 14,1 117,2 £ 19,7 0,433
WC (cm) 119,2 £9,7 120,8 £ 13,4 0,662
Vitamin 25(OH)D (ng/mL) 24,6 £104 23,5+8,2 0,681
Calcium (mg/dL) 4,6 0,2 4,6 +0,2 0,557
PTH (pg/mL) 42,2 +10,9 41,3+ 13,5 0,796
Albumin (g/dL) 4,1+0,4 4,3+0,5 0,044
AST (U/L) 21,6 £9,0 27,0+21,5 0,313
ALT (U/L) 22,9+9,9 29,9 £ 18,1 0,008
AP(U/L) 64,3+ 18,1 82,7 £23,8 0,007
GGT(U/L) 28,7+234 36,0 £20,8 0,255
Triglycerides (mg/dL) 163,9 +£271,1 230,4 +£288,9 0,429
Cholesterol (mg/dL) 202,1 £45,7 212,4 £ 65,1 0,558
LDL-c (mg/dL) 118,9 £38,4 124,2 £49,3 0,697
HDL-c (mg/dL) 47,6 £ 15,3 40,6 + 8,9 0,047
Insulin (mcU/mL) 15,2 £ 10,1 159+79 0,798
Glucose (mg/dL) 97,2+22.4 100,9 £ 21,6 0,564
HOMA-IR 40+22 3,8+3,0 0,764

*¢-Student test (p<0.05); Abbreviations: SD: standard deviation; BMI: Body Mass Index; VAI: Visceral Adiposity Index; WC:
Waist Circumference; PTH: Parathyroid hormone; AST: aspartate aminotransferase; ALT: alanine aminotransferase; AP:
Alkaline Phosphatase; GGT: gamma-glutamyl transpeptidase; TG: Triglycerides; LDLc: Low Density Lipoprotein Cholesterol;
HDL-c: High Density Lipoprotein Cholesterol; HOMA-IR: Homeostasis Model Assessment — Insulin Resistance;
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Table 2. Mean serum concentrations of biochemical indicators of liver function and

damage according to the degrees of staging of NAFLD and obesity phenotypes.

Staging of NAFLD by liver biopsy

Variables Phenotypes Steatosis Steatohepatitis without D value
(n=31) fibrosis (n = 19)
Mean £+ SD Mean £+ SD

MHO 19,84 + 7,85 27,25 +12,55 0,489

AST (U/L) MUHO 24,94 + 15,96 30,92 £ 28,28 0,381
p value 0,454 0,731

ALT (U/L) MHO 21,15 +£8.33 29,75 + 14,17 0,568
MUHO 29,11 +£17,05 32,46 +£20,14 0,352
p value 0,178 0,768

GGT (U/L) MHO 25,77 £ 15,36 39,00 + 44,37 0,279
MUHO 30,63 £19,49 40,31 £19,15 0,215
p value 0,025 0,450

ALB MHO 3,99 £0,34 4,30 £0,41 0,102

(g/dL) MUHO 4,24 +0,23 4,25+ 0,39 0,688
p value 0,037 0,771

Two-way ANOVA: mean and Standart Deviation (SD). Alb: albumin; ALT: alanine aminotransferase; AST: aspartate

aminotransferase; GGT: gamma-glutamyl transpeptidase;
Metabolically Healthy Obese.
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Table 3. Mean serum concentrations of bone metabolism biochemical markers according to
the degrees of staging of NAFLD and obesity phenotypes

Staging of NAFLD by liver biopsy

Variables Phenotypes Steatosis Steatohepatitis without P value
(n=31) fibrosis (n = 19)
Mean £+ SD Mean £+ SD
Vitamin MHO 24,18 £9,39 29,55 +£12,38 0,290
25(OH)D MUHO 22,82 + 6,40 25,35+9,89 0,431
(ng/mL) p value 0,672 0,408
MHO 4,59 £ 0,24 4,60 £ 0,22 0,982
Ca (mg/dL) MUHO 4,69 +0,23 4,58 +0,23 0,197
p value 0,042 0,132
PTH (pg/mL) MHO 41,31 +12,03 44,45 +9.12 0,378
MUHO 39,51 +£11,35 43,37 £16,75 0,231
p value 0,706 0,887
AP (U/L) MHO 61,92 +17,57 69,75 £22,74 0,547
MUHO 85,44 £ 27,27 79,69 + 19,33 0,487
p value 0,006 0,445

Two-way ANOVA: Mean and Standart Deviation (SD). Vitamin 25(OH)D: vitamin D; Ca: calcium; PTH: Parathyroid
hormone; AP: alkaline phosphatase; MUHO: Metabolically Unhealthy Obese; MHO: Metabolically Healthy Obese

144



Conclusdo

8. CONCLUSAO

O fenotipo “Obeso Metabolicamente Saudavel’ ndo protege os individuos adultos com
obesidade classe III de apresentarem altera¢des clinicas, bioquimicas e antropométricas.

A obesidade per si independentemente dos fenotipos OMS e OMNS associados a ela
causa alteragdes em marcadores bioquimicos relacionados ao metabolismo 6sseo, marcadores
de inflamagao e fun¢do hepatica.

Foi encontrada associagdo entre variaveis clinicas (HAS), metabolicas (HOMA-IR),
antropométricas (VAI) e os marcadores de metabolismo 6sseo (FA e PTH) com o fenotipo
OMS com valores alterados em menor gravidade se comparado com o OMNS.

Foi observado que quanto maior a idade maior a associagdo desta varidvel com a
presenca do fendtipo OMNS, sugerindo que o aumento da idade pode ser um elemento
importante na transicao do fendtipo OMS para OMNS.

O fen6tipo OMNS encontra-se associado ao aumento das concentragdes séricas de PTH
e maior prevaléncia de Hiperparatireodismo Secundério. E ainda, maior risco para alteragdes
dos marcadores de metabolismo 6sseo se comparado ao fen6tipo OMS.

O fenotipo OMS ndo protege os adultos com obesidade classe III e com DHGNA de
desenvolver alteragdes antropométricas e bioquimicas que possam impactar negativamente na
satde Ossea e hepatica, assim como na progressao da DHGNA desses individuos.

Nosso estudo destaca que os OMS também apresentaram importantes alteracdes
metabolicas, quando considerado os indicadores de satde Ossea e hepatica que foram
investigados.

Os individuos OMS com esteatose apresentam menores alteracdes de gravidade relativas
aos marcadores de funcdo e de dano hepéatico, assim como aqueles relacionados ao metabolismo
6sseo, quando comparados aos OMNS. Recomenda-se a monitorizagdo continua desses
individuos, dada a natureza transitoria do fenotipo OMS.
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Consideragoes finais

9. CONSIDERACOES FINAIS

Os resultados do presente estudo ndo corroboraram com a hipotese de que os fendtipos,
OMS e OMNS influenciariam diferentemente os parametros clinicos, antropométricos e
bioquimicos, de modo a evitar as alteracdes dessas variaveis quando a obesidade estava
associada ao fen6tipo OMS.

Os dados apresentados neste estudo mostraram que os fendtipos OMS e OMNS
sofreram alteracdes nos marcadores de metabolismo 6sseo e de funcao hepatica, em diferentes
niveis de gravidade.

No que concerne a composicao corporal dos fenotipos avaliados, houve associagdo de
menores valores do VAI com o fendtipo OMS, o que sugere que a distribui¢do de gordura
corporal nesses individuos seja diferente, influenciando assim, nos resultados encontrados.

Considerando a escassez de estudos que abordem sobre variaveis do metabolismo 6sseo
e sua relagdo com DHGNA, segundo os fenotipos da obesidade. O presente estudo demonstra
que embora o fenétipo OMS ndo proteja a populagdo estudada de desenvolver alteragdes
antropométricas e bioquimicas de impacto negativo para saude Ossea e hepatica, bem como na
progressado DHGNA. Esses apresentaram alteragdes de menor gravidade dos marcadores de
lesdo e fungdo hepatica, bem como do metabolismo 6sseo, quando comparados aos individuos
OMNS.

Recomendamos que os profissionais de saude em sua pratica clinica possam utilizar a
classificagdo dos fenotipos da obesidade, sobretudo pelo critério NCEP ATP III, que ¢
amplamente reconhecido por ser uma ferramenta eficiente para diagndstico da sindrome
metabdlica. E, por reunir variaveis que sdo de facil obteng@o e interpretagdo sobre os aspectos
clinico, bioquimico e antropométrico do paciente. Discriminar o perfil de cada fendtipo podera
ser util para subsidiar estratégias mais assertivas no atendimento, a fim de minimizar a chance
de transitoriedade do fendtipo OMS para OMNS, evitando ainda, maior agravamento das
alteracdes no metabolismo 6sseo, hepatico e na progressio da DHGNA, ainda que em
individuos com o fen6tipo com OMS, como visto em nosso estudo.
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ANEXO 1- Parecer do Comité de Etica e Pesquisa (CEP

UNIVERSIDADE FEDFERAL DO RIO DE JANEIRO
Hospital Univessitdno Clementino Fraga Filko
Faculdade de Medicina
Comité de Etica em Pesquisa - CEP

CEP - MEMO - 2* 360006 Rio de Janeiro, 15 do maio de 20i0.
Do Coordenador do CEP

A (a) Sr. (3) Pesquisador (z): Prof Dra. Rejane Andréa Ramalbo Nunes da
Silva

Assunto: Parccer sobre projeto de pesquisa.
St. (a) Pesquisador (a),

Informo a V. Sa que o CEP constitvido nos Termos da
Resolugio n. * 19696 do Coaselho Naciooal de Salde e, devidamente
registrado oa Comiss¥o Nacional de Etica em Pesquisa, reccbeu, analisou ¢
enitio parccer sobre 3 documentsgko referente 20 Prowcolo ¢ seu
respectivo Termo de Consentimento Livre e Esclarecido, conforme abaixo
diseriminado:

Protocoto de Pesquisa: 011710 - CEP

Tiulo: “Estado Nutricioaal de Microautriente em Individuos
Com obesidade Mdnbida Submetidos 3 Gastroplasiia Redutora em Y de Roux™

Pesquisador (a) responsivel: Prof. Dra. Rojame Andréa
Ramailo Nunes da Sitva

Date de apreciaglo do parecer: 08/05/50

Parecer: "APROYVADO™

Informo sinda, que V. Sa deverd spresentar relatovio
semestal, previsio para 08711730, arual efou relatirio final para este Comité

acompanhar ¢ desenvolvimentio do projeto. (tem VIL 13.d,, da Resoluglio n
¢ 19G/96 - CNS/MS).

Prof. LulzC de Miraads
Coordensdor do CEP
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ANEXO 2- TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
NUCLEO DE PESQUISA EM MICRONUTRIENTES
CLINICA CIRURGICA CARLOS SABOYA

INFORMACAO AO PACIENTE
Prezado (a) Paciente:

A vitamina D ¢é bastante conhecida pela sua fun¢do no desenvolvimento e na
manuten¢do do tecido 6sseo, bem como pela manutengdo da homeostase normal do célcio e do
fosforo, além do envolvimento em diversos processos celulares vitais, como: diferenciagdo e
proliferacdo celular, secrecdo hormonal, sistema munologico e em diversas doengas cronicas
ndo transmissiveis. A obesidade pode levar a deficiéncia dessa vitamina, que pode ser tratada
sob orienta¢ao do nutricionista e médico especialista.

Para saber se vocé apresenta esta deficiéncia, estamos realizando uma pesquisa
denominada “Doeng¢a Hepéatica Gordurosa ndo Alcoodlica e sua relagdo com estado nutricional
da vitamina D em individuos com obesidade classe III”, para a qual solicitamos o seu
consentimento. Para a pesquisa vocé fard, além dos exames de rotina, um exame de sangue que
avaliard os seus niveis de vitamina D e no momento da cirurgia sera realizada biopsia hepatica
para classificar o estdgio da doenga hepatica, caso exista. Qualquer duvida podera ser
esclarecida pelo telefone da Clinica Cirargica Carlos Saboya: 2286-8382 ou 981294425 (Silvia

Se vocé concorda em participar, por favor, assine o Termo de Consentimento abaixo:

TERMO DE CONSENTIMENTO

Eu, abaixo assinado, dou meu consentimento livre e esclarecido para participar do Projeto de
Pesquisa descrito acima, tendo recebido uma copia deste termo de consentimento. Declaro,
também, que tive oportunidade de questionar maiores detalhes sobre o estudo e que estou ciente
de que meus dados permanecerdo confidenciais e que ndo receberei nenhuma ajuda de custo
pela minha participagdo. Assinando este termo, autorizo minha participacdo voluntaria neste
projeto, do qual eu posso me retirar a qualquer momento, sem penalidades, perda de beneficios

ou tratamento que eu tenha direito.
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PESQUISADOR: ..o eeeeeeeeeeeeeeeeseeeees e eess e eese e sessesaesseseeseeseesseeesesees e seseees

Rio de Janeiro, de de 20
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ANEXO 3 - PROTOCOLO DE COLETA DE DADOS

Formulario de Coleta de Dados

I - IDENTIFICACAO

Nome:

Data: / /

Telefone:

Enderego:

Data de nascimento: / / Idade: Sexo O M () F

Profissdo:

Entrevistador:

II - BIOQUIMICA:

Albumina
AST
ALT

Fosfatase Alcalina

GGT

Glicemia

Insulina basal

Colesterol

HDL-c

LDL-c

Trigliceridios

HOMA IR

IV - ANTROPOMETRIA:

Medidas

Peso
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Altura

Indice de Massa Corporal (IMC)

Circunferéncia do Abddémen
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ANEXO 4 - PROTOCOLO DE EXPOSICAO SOLAR

Protocolo de avaliacio de exposi¢do solar

Anexos

Nome: Data:
Tempo ao ar livre Exposicao ao sol Total
<5 5-30 > 30 Maiaos ¢ | Maos, Maos, Banho
min | min min rosto rostoe |rostoe | de sol
bragos | pernas
Segunda 0 1 2 1 2 3 4
Terca 0 1 2 1 2 3 4
Quarta 0 1 2 1 2 3 4
Quinta 0 1 2 1 2 3 4
Sexta 0 1 2 1 2 3 4
Sabado 0 1 2 1 2 3 4
Domingo 0 1 2 1 2 3 4
Total
Pré-op
Total
30 dias
Apos
Total 180
dias apos

Fonte: HANWELL et al., (2010).
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ANEXO 5 — PROTOCOLO DE ATIVIDADE FISICA - THE INTERNATIONAL
PHYSICAL ACTIVITY QUESTIONNAIRE (IPAQ)

INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE

We are interested in finding out about the kinds of physical activities that people do as
part of their everyday lives. The questions will ask you about the time you spent being
physically active in the last 7 days. Please answer each question even if you do not
consider yourself to be an active person. Please think about the activities you do at
work, as part of your house and yard work, to get from place to place, and in your spare
time for recreation, exercise or sport.

Think about all the vigorous activities that you did in the last 7 days. Vigorous
physical activities refer to activities that take hard physical effert and make you breathe
much harder than normal. Think only about those physical activities that you did for at
least 10 minutes at a time.

1. During the last 7 days, on how many days did you do vigorous physical
activities like heavy lifting, digging, aerobics, or fast bicycling?

days per week
[:] No vigorous physical activities  ==jp» Skip to question 3
2. How much time did you usually spend doing vigorous physical activities on one
of those days?
hours per day

minutes per day

I:] Don't know/Not sure

Think about all the moderate activities that you did in the last 7 days. Moderate
activities refer to activities that take moderate physical effort and make you breathe
somewhat harder than normal. Think only about those physical activities that you did
for at least 10 minutes at a time.

3. During the last 7 days, on how many days did you do moderate physical
activities like carrying light loads, bicycling at a regular pace, or doubles tennis?
Do not include walking.
days per week

D No moderate physical activities ==j» Skip to question 5
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4, How much time did you usually spend doing moderate physical activities on one
of those days?

hours per day

minutes per day

D Don't know/Not sure

Think about the time you spent walking in the last 7 days. This includes at work and at
home, walking to travel from place to place, and any other walking that you have done
solely for recreation, sport, exercise, or leisure.

5. During the last 7 days, on how many days did you walk for at least 10 minutes
at a time?
days per week

D Nowalking == Skip to question 7

6. How much time did you usually spend walking on one of those days?

hours per day
minutes per day

D Don't know/Not sure

The last question is about the time you spent sitting on weekdays during the last 7
days. Include time spent at work, at home, while doing course work and during leisure
time. This may include time spent sitting at a desk, visiting friends, reading, or sitting or
lying down to watch television.
7. During the last 7 days, how much time did you spend sitting on a week day?
hours per day
minutes per day
D Don't know/Not sure

This is the end of the questionnaire, thank you for participating.

SHORT LAST 7 DAYS SELF-ADMINISTERED version of e IPAQ. Revised August 2002.
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ANEXO 6: COMPROVANTE (ARTIGO 1) — Submetido em 30/03/2019
(Revista: Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy)
ORIGINAL RESEARCH

Loureiro, et al

Clinic, Anthropometric and Metabolic Changes in Adults With
Class III Obesity Classified as Metabolically Heathy and

Metabolically Unhealthy

Ligiane M Loureiro!->3 (ORCID: 0000-0002-3348-449X)
Adryana Cordeiro®* (ORCID: 0000-0002-5712-4907)
Rodrigo Mendes® (ORCID:0000-0002-3109-0630)
Mariana Luna® (ORCID: 0000-0003-4540-9101)

Silvia Pereira®® (ORCID: 0000-0001-7793-2461)

Carlos J Saboya** (ORCID: 0000-0003-1853-5495)

Andrea Ramalho®’ (ORCID: 0000-0001-9859-4545)

Manuscript: Clinic, Anthropometric and Metabolic Changes in Adults With Class III
Obesity Classified as Metabolically Healthy and Metabolically Unhealthy

Journal: Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

Sub ID: 210616

Submit Date: 30/Mar/2019
Status: 3B - REPORT: ACCEPT
THE EDITORIAL TEAM WILL BE IN TOUCH WITH YOU SHORTLY

Status Last Updated: 22/Jun/201S
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ANEXO 7: COMPROVANTE (ARTIGO 2) — Submetido em 30/11/2018

(Revista Nutrients)

Article

Does the Metabolically Healthy Obese Phenotype protect
adults with class III obesity from biochemical alterations
related to bone metabolism?

Ligiane Marques Loureiro!?,Suzane LessaZ,Rodrigo Mendes?, Silvia Pereira®*5, Carlos José Saboya’* and
Andrea Ramalho*®

"PostgraduateProgram, Doctorate in NutritionalSciences, Federal Universityof Rio de Janeiro (UFRJ), Rio de Janeiro
21.941-902, Brazil; liginutri@gmail.com (L.M.L)

2Center for ResearchonMicronutrients (NPqM), InstituteofNutritionJosué de Castro of UFRJ, Rio de Janeiro 21.941-902,
Brazil; suzane.laura@gmail.com (S.L); se.pereira@gmail.com (S.P.); cjsaboya@carlossaboya.com.br (C.S.);
aramalho.rj@gmail.com (A.R.)

3PostgraduateProgram, Master in AppliedMathematics, Pontifical CatholicUniversityof Rio de Janeiro, Rio de Janeiro
22.451-900, Brazil; remends@gmail.com

“Multidisciplinary Center for BariatricandMetabolicSurgery, Rio de Janeiro 22.280-020, Brazil

SDepartment of Social and Applied Nutrition of the Institute of Nutrition, UFRJ, Rio de Janeiro 21.941-902, Brazil

* Correspondence: liginutri@gmail.com; Tel.: +55-091-98171-5886

[Nutrients] Manuscript ID: nutrients-409057 - Submission Received Caixa de entrada x &

Editorial Office <nutrients@mdpi.com> sex, 30 de nov de 2018 22:27 -
W para eu, Suzane, Rodrigo, Silvia, Carlos, Andrea «
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Dear Dr. Loureiro,

Thank you very much for uploading the following manuscript to the MDPI
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Journal name: Nutrients

Manuscript ID: nutrients-409057

Type of manuscript: Article

Title: Does the Metabolically Healthy Obese Phenotype protect adults with
class |l obesity from biochemical alterations related to bone metabolism?
Authors: Ligiane Marques Loureiro *, Suzane Lessa, Rodrigo Mendes, Silvia
Pereira, Carlos José Saboya, Andrea Ramalho

Received: 1 December 2018
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ANEXO 8: COMPROVANTE (ARTIGO 3) — Submetido em 17/06/2019

(Revista: Hepatic Medicine: Evidence e Research)

ORIGINAL RESEARCH

Loureiro, et al

Relationship between the biomarkers of bone metabolism and
hepatic enzymes according to the stage of Nonalcoholic Fatty Liver
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Ligiane M Loureiro">* (ORCID: 0000-0002-3348-449X)
Adryana Cordeiro®* (ORCID: 0000-0002-5712-4907)
Leticia Barboza® (ORCID: 0000-0003-4943-1816)
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Carlos J Saboya (ORCID: 0000-0003-1853-5495)

Andrea Ramalho®’ (ORCID: 0000-0001-9859-4545)

Manuscript Status (2)

Guide to submission status indicators

Manuscript: Relationship between the biomarkers of bone metabolism and hepatic enzymes
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Journal: Hepatic Medicine: Evidence and Research

Sub ID: 219737

Submit Date: 17/Jun/2019
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