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RESUMO

A doenca hepatica gordurosa nao alcodlica encontra-se associada com a obesidade e o
diabetes mellitus tipo 2 e é caracterizada por resisténcia a insulina. Sua fisiopatologia é
complexa, sendo que a dieta e adipocinas séricas parecem ter um importante papel em
sua etiologia. Assim, investigou-se a associacdo desta doenca com as concentragdes
séricas de algumas adipocinas e o consumo alimentar em mulheres obesas atendidas no
ambulatorio de nutricdo do Hospital Universitario Julio Miller, em Cuiaba-MT, Brasil.
Mulheres obesas (20-50 anos) foram avaliadas por imagem e por parametros
antropométricos, composicdo corporal, bioquimicos e clinicos. O consumo alimentar
habitual qualitativo foi avaliado pelo Questionario de Frequéncia Alimentar. Os
resultados foram expressos em frequéncias absoluta e relativa, médiaterro padrao,
mediana e valores minimo e méximo. Aplicou-se os testes t-Student e Mann Whitney
para comparagdo entre os grupos, coeficiente de correlacdo de Pearson para analise de
correlagdo das variaveis, Qui-quadrado e teste Exato de Fisher para andlise de
freqiiéncias, estabelecendo-se o nivel de significancia estatistica em 5% (p<0,05). Por
ultrasonografia do figado, a doenca foi diagnosticada em 40% das 60 mulheres
avaliadas. Diabetes tipo 2 e dislipidemia foram mais freqlientes no grupo doente. As
medidas da razdo cintura quadril, da adiposidade visceral, glicemia e insulinemia de
jejum, modelo de avaliagio homeostatica de resisténcia insulinica, alanina
aminotransferase e gamaglutamiltrasferase também foram maiores neste grupo, porém
as concentracgdes séricas de leptina, resistina, fator de necrose tumoral-o e interleucina-6
foram similares. Ocorreu hipoadiponectinemia em ambos 0s grupos, sendo 0S menores
niveis no grupo doente, 0s quais correlacionaram negativamente com o colesterol total,
lipoproteinas de baixa e de muito baixa densidade e com o fator de necrose tumoral-a, e,
positivamente, com 0 peso, adiposidades subcutdnea e visceral e leptina. N&o se
observou diferengca no consumo alimentar qualitativo e a hipoadiponectinemia associou-
se ao consumo de sacarose e alimentos gordurosos em ambos o0s grupos. Concluiu-se
que a hipoadiponectinemia nesta doenca foi associada a sacarose e aos alimentos
gordurosos da dieta reforcando, portanto, o importante papel da dieta na ocorréncia

desta doenga.

Palavras-chave: doenca hepatica gordurosa ndo alcodlica, adipocinas, consumo
alimentar, obesidade.
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ABSTRACT

Nonalcoholic fatty liver disease is associated with obesity and type 2 diabetes mellitus
and is characterized by insulin resistance. Its pathophysiology is complex and the diet
and serum adipokines seem to play an important role in its etiology. Thus, we
investigated the association of this disease with the serum concentrations of some
adipokines and food intake in obese women treated at the outpatient nutrition at the
University Hospital Jalio Muller, Cuiaba-Mato Grosso, Brazil. Obese women (20-50
years) were evaluated by image and by anthropometric, body composition, biochemical
and clinical data. Food consumption was assessed by qualitative food frequency
questionnaire. The results were expressed in absolute and relative frequencies, mean +
standard error, median and minimum and maximum values. We applied the Student’s t
test and Mann Whitney test for comparison between groups, Pearson correlation
coeficcient for correlation analysis of variables, Chi-square and Fisher exact test for
frequency analysis, setting the level of statistical significance 5% (p<0,05). By
ultrasound of the liver disease was diagnosed in 40% of 60 obese women evaluated.
Type 2 diabetes and dyslipidemia were more frequent in the patient group.
Measurements of waist-to-hip ratio, visceral adiposity, blood glucose and fasting
insulin, homeostatic model assessment of insulin resistance, alanine aminotransferase
and gammaglutamyltransferase were also higher in this group, but serum leptin, resistin,
tumour necrosis factor-a and interleukin-6 concentrations were similar.
Hypoadiponectinemia occurred in both groups, with the lowest levels in the patient
group, which correlated negatively with total cholesterol, low and very low density
lipoproteins and tumour necrosis factor-a, and positively with weight, subcutaneous and
visceral adiposity and leptin. There was no difference in qualitative food intake and
hypoadiponectinemia associated with the consumption of sucrose and fatty foods in
both groups. Hypoadiponectinemia in NAFLD was associated with dietary sucrose and
fatty food intake, underscoring the important role of diet in the occurrence of this

disease.

Key-words: nonalcoholic fatty liver disease, adipokines, food intake, obesity.
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1. INTRODUCAO

A Doenca Hepética Gordurosa Nao Alcodlica (DHGNA) tem emergido como a
mais importante causa de doenca hepatica cronica, relacionada com o aumento da
obesidade e diabetes mellitus tipo 2 na populacdo (Videla 2006). Caracteriza-se por um
amplo espectro de dano hepético, o qual varia de simples esteatose ou acumulo
intracelular de triacilglicerol (TAG), inflamagdo ou esteatohepatite ndo-alcodlica
(EHNA) ateé fibrose e cirrose (Videla 2008).

A prevaléncia da DHGNA na populacdo em geral é de 15-20%, enquanto que a de
EHNA corresponde a 3% (Angulo 2002; Fracanzani et al. 2008). Sua prevaléncia em
individuos obesos esta entre 76-90% e de 50% nos diabéticos tipo 2 (Reddy & Rao
2006; Anderson & Borlak 2008). Relatos na literatura indicam que a prevaléncia da
esteatose hepatica, a forma mais simples da DHGNA, tende a ser maior em homens
(Shen et al. 2003; Ruhl & Evehart 2003; Clark, Brancati & Diehl 2003), em certos
grupos étnicos - até 45% de hispanicos (Browning et al. 2004) e que aumenta com a
idade (Amarapurkar et al. 2007; Li et al. 2009; Ascha et al. 2010).

A fisiopatologia da DHGNA é complexa e dados disponiveis sugerem que fatores
ambientais como alguns componentes da dieta e o sedentarismo sdo suscetiveis de
serem importantes na sua etiologia (Cotrim et al. 1999). Achados recentes indicam que,
alimentos com elevado indice glicémico, carboidratos simples como a frutose, e as
gorduras em geral, favorecem a deposicdo de gordura nos hepatécitos (Lé & Bortolotti
2008). O fato da prevaléncia da DHGNA variar entre diferentes grupos raciais
(Browning et al. 2004; Solga et al. 2005) e de existirem indices varidveis de progresséo
da doenca entre individuos com fatores de risco similares, indica firmemente o papel
dos genes nesse processo (Willner et al. 2001). Outros papéis chave na patogénese da
esteatose e na progressdo para EHNA sdo as adipocinas (adiponectina, leptina e
resistina) e diferentes citocinas (TNF-a e IL-6), secretadas pelo adipdcito ou pelas
células inflamatdrias que infiltram o tecido adiposo nos estados de resisténcia insulinica
(Vanni et al. 2010).

O objetivo do presente estudo foi analisar a relacdo entre as concentracfes séricas
de algumas adipocinas e o consumo alimentar qualitativo em mulheres obesas com
DHGNA.
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2. REVISAO DE LITERATURA

2.1. Doenga Hepatica Gordurosa Nao Alcodlica (DHGNA)

A DHGNA inclui uma gama de caracteristicas patologicas desde simples
esteatose, a esteatohepatite ndo alcodlica (EHNA) e a cirrose (Clark & Diehl 2003).
Ocorre em individuos cujo consumo de alcool é insignificante (<10g/dia para mulheres,
<20g/dia para homens) e € caracterizada histologicamente por no minimo 5% de
esteatose e outras mudancas parenquimais, variando da inflamacdo, a fibrose e a
apoptose/necrose do hepatécito (Younossi 2008).

A prevaléncia da DHGNA estd aumentando em paralelo ao aumento da
obesidade, sendo ambos 0s processos estreitamente ligados a resisténcia insulinica. A
epidemia mundial da obesidade e a prevaléncia da DHGNA sdo muito provavelmente
influenciadas, se ndo diretamente relacionadas, a dieta e a relativa falta de exercicio do
estilo de vida ocidental (Hossain, Kawar & El Nahas 2007).

As taxas de prevaléncia desta hepatopatia variam de acordo com a populacdo de
estudo e com a modalidade de exame empregada para estabelecer o diagnostico
(Vernon, Baranova & Younossi 2011). Contudo, diferentes estudos indicam que a
DHGNA atinge menos de 10% dos chineses (Li et al. 2009), entre 10-20% da
populacdo de Taiwan (Chen et al. 2006) e da Korea (Park et al. 2006), 20% dos italianos
(Bedogni et al. 2005), entre 20-30% dos japoneses (Jimba et al. 2005) e israelitas
(Zelber-Sagi et al. 2006) e mais de 30% da populacdo dos Estados Unidos (Browning et
al. 2004), do Sri Lanka (De Hewavisenthi, Dassanayake & De Silva 2005; Dassanayake
et al. 2009), da india (Mohan et al. 2009) e do Brasil (Karnikowski et al. 2007).

No Brasil, o perfil clinico-epidemioldgico da doenca foi avaliado através de um
estudo multicéntrico envolvendo 1280 pacientes das varias regides do pais. A anélise
dos resultados mostrou que a DHGNA ¢é em geral assintomaética, € mais freqliente em
homens com idade de 50+13 anos e tem como principais fatores de risco a dislipidemia
e a obesidade. O diagndstico histoldgico de esteato-hepatite foi realizado em 58% dos
437 casos que realizaram bidpsia hepatica, sendo que aproximadamente 15% ja
apresentavam cirrose a bidpsia. Trés casos de carcinoma hepatocelular foram
observados (Cotrin et al. 2011).

Como em outros complexos processos de doenca, fatores ambientais, genéticos e

hormonais latentes que resultam na expressdo fenotipica da doenca, tém que ser
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considerados na prevaléncia estimada. Diferencas notdrias no risco de desenvolvimento
da DHGNA estdo relacionadas a idade, género e etinicidade. Até hoje, nenhum dos
variados métodos para estimar a prevaléncia podem distinguir esteatose e
esteatohepatite, resultante de fontes nao alcoodlicas daquelas resultantes do abuso de
alcool. Embora seja reconhecido que, at¢é 0 momento, 0 método padrdo ouro para o
diagnéstico da DHGNA é a avaliacdo do tecido hepético, este método ndo pode
evidentemente ser empregado para rastreio da populagédo e fora do local de estudo, a
biopsia hepatica sO € realizada para as anomalias detectadas clinicamente
(Neuschwander-Tetri, Unalp & Creer 2008). Na populacdo em geral, a ultrassonografia
(US) de abddmen é a técnica mais comumente usada para o diagndstico da esteatose
hepética (Bellentani et a. 2010). Embora esta técnica tenha sensibilidade para deteccdo
de esteatose de 60-94% e especificidade de 88-95%, a US tem a vantagem de ser um
exame de baixo custo e sem riscos conhecidos, disponivel em quase todos os centros e,
portanto pode ser considerado um bom método para o rastreamento da doenca (Saadeh
et al. 2002; Charatcharoenwitthaya & Lindor 2007).

A marca histolédgica inequivoca da DHGNA em adultos e criangas, € a esteatose,
que representa a manifestacdo histoldgica do lipidio intracitoplasmatico na forma de
triacilglicerol (TAG), dentro de hepatdcitos. Por defini¢do, esteatose € sempre um
componente da DHGNA (Puri et al. 2007).

O TAG pode ser utilizado como combustivel metabdlico no figado, através da
oxidacdo, exportado para fora dos hepatdcitos como lipoproteina de muito baixa
densidade (VLDL), ou armazenado. As fontes priméarias de TAG aumentados nos
hepatécitos sdo: a) acidos graxos da dieta carreados ao figado, que aumentam a
resisténcia insulinica sistémica; b) lipogénese de novo dentro dos hepatdcitos; c)
recirculacdo de acidos graxos ndo esterificados de tecidos periféricos (alguns do tecido
adiposo e outros do musculo esquelético) e, d) remoc¢do inadequada via producgdo e
secrecdao de VLDL. O desequilibrio entre estas entradas e saidas resulta em esteatose e
contribui possivelmente para a inflamacgéo e os efeitos subsequentes (Tiniakos, Vos &
Brunt 2010).

2.2. Consumo alimentar

O consumo alimentar quantitativo e qualitativo de individuos e populacGes é

definido mediante a aplicagdo de procedimentos metodolégicos denominados de
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inquéritos dietéticos (Vasconcelos 2007). Dentre os inquéritos dietéticos existentes,
destaca-se 0 Questionério de Frequéncia Alimentar (QFA), o qual é considerado o0 mais
pratico e informativo método de avaliagcdo em estudos que investigam a associacao entre
0 consumo dietético e a ocorréncia de desfechos clinicos, em geral relacionados as
doencas cronicas ndo transmissiveis (Fisberg et al. 2008). Contudo, apresenta limitagdes
como dependéncia da memoria dos entrevistados, menor acuréacia na quantificacdo da
ingestdo alimentar (Costa et al. 2006; Ribeiro et al. 2006) e aspectos como idade, grau
de escolaridade e etnicidade, podem interferir na validade das informacdes coletadas
pelo QFA (Kristal et al. 1997). No entanto, este método tem como vantagens o baixo
custo, a répida aplicacdo, fécil aplicabilidade, aléem de ser objetivo e adaptavel a
populagéo alvo (Matarazzo et al. 2006).

InvestigacBes em animais (Buettner et al. 2006) e em humanos (Puri et al. 2007)
mostram que existem significantes diferencas na injlria hepatica relacionada aos tipos
de &cidos graxos. AlteracBes no(s) tipo(s) da gordura de ambos, dieta e armazenamento
no figado, provavelmente contribuem para a DHGNA. Buettner et al. (2006)
compararam dietas hiperlipidicas (consistindo de 42% da energia proveniente de
gordura) utilizando 6leo de coco (principalmente gordura saturada de cadeia média),
azeite de oliva (principalmente monoinsaturada - MUFA), banha de porco (mistura de
gordura saturada e MUFA), 6leo de peixe (principalmente poliinsaturada - PUFA) em
ratos. Ap6s 12 semanas, as primeiras trés dietas contribuiram para significante
ocorréncia de esteatose hepatica, sequido de aumento nos TAG no plasma, o que nao foi
observado com a dieta a base de dleo de peixe.

No estudo de Puri et al. (2007), foram definidos, por cromatografia capilar gasosa,
as quantidades e os tipos de lipidios que se acumulam no figado na DHGNA. Os autores
encontraram maior razdo de &cidos graxos 6mega 6 : dmega 3, quantidades aumentadas
de colesterol livre e de diacilglicerol (DAG), alteracdes na composicao de acidos graxos
de DAG, reducdo de fosfatidilcolina, do &cido araquidonico e de acidos graxos 6mega 3,
demonstrando que a DHGNA esté associada a numerosas mudangas na composi¢ao de
lipidios no figado.

A disponibilidade reduzida de PUFA na dieta pode também contribuir para a
ocorréncia de esteatose, favorecendo a sintese de lipidios sobre a oxidacdo e a
exportacdo. Em pacientes com DHGNA, uma deplecdo relativa de PUFA,
particularmente os PUFA de cadeia longa das classes 6mega 3 e 6, tem sido observada
(Araya et al. 2004).
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A lipogénese de novo geralmente aumenta ou diminui em resposta a alimentacgéo e
ao jejum, sendo aumentada apds o consumo de cada refeicdo. Apresenta-se aumentada
em pacientes com DHGNA comparada a individuos saudaveis (Diraison, Moulin &
Beylot 2003), mas ndo se eleva no periodo pés prandial (Donelly et al. 2005). Ja foi
descrito, em modelos animais com resisténcia insulinica hepética, que o aumento da
lipogénese de novo pode causar duplas alteracbes metabdlicas que levam ao aumento do
teor de TAG no hepatdcito. A primeira alteracdo é direta, através do aumento da sintese
de TAG e, a segunda é indireta, através do aumento da producéo de malonil-Coa, a qual
inibe a carnitina palmitoil transferase-1 (CPT-1) e conseqientemente a entrada de acido
graxo (AG) na mitocondria, reduzindo ent&o o processo de beta-oxidagdo e aumentando
0 acimulo de AG e TAG no figado (Browning & Horton 2004). Contudo, em humanos
com DHGNA apesar da lipogénese de novo encontrar-se elevada, apenas 26% dos TAG
armazenados no figado provém desta fonte (Donelly et al. 2005). Este defeito no fluxo
da lipogénese de novo pode ser induzido em individuos normais, assim como em
hiperinsulinémicos via refei¢do hiperglicidica (Schwarz et al. 2003). Parks et al (2008)
testaram acUcares simples na resposta lipogénica, em controles saudaveis e verificaram
que a ingestdo aguda de frutose (mas ndo de glicose), estimulou em duas vezes a
lipogénese de novo, aumentando entdo a lipemia po6s prandial.

O consumo de frutose pode ser um importante colaborador para a patogénese da
DHGNA. A frutose é um monossacarideo comumente encontrado na dieta como um
componente de xarope de milho ou, como parte do dissacarideo sacarose (cana de
acucar). E bem documentado que o consumo de frutose tem aumentado notavelmente ao
longo das ultimas décadas, especialmente na forma de xarope de milho, um componente
primario da maioria de refrigerantes e sucos industrializados (Vos et al. 2008). O alto
consumo de frutose pode resultar em superalimentacao e ganho de peso, assim como em
anomala hiperinsulinemia de jejum (Tetri et al. 2008), uma vez que o consumo
prolongado desse monossacarideo resulta em maiores concentracdes circulantes de
grelina e menores de insulina e leptina, retardando a resposta central de saciedade (Teff
et al. 2004). Modelos animais com frutose dietética aumentada tém mostrado aumento
na esteatose hepatica (Bergheim et al. 2008). Estudos em pacientes com DHGNA
tambem demonstraram que o consumo aumentado desse monossacarideo (Ouyang et al.
2008; Thuy et al. 2008), e o consumo de refrigerantes em particular (mesmo nas bebidas

chamadas dietéticas), podem estar associados com DHGNA (Assy et al. 2008).
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Ingestdo de alguns nutrientes em individuos com DHGNA tem sido avaliada em
populagdes de italianos (Musso et al. 2003), japoneses (Toshimitsu et al. 2007),
israelitas (Zelber-Sagi et al. 2007) e americanos (Kim et al. 2010). Aumento no
consumo de carnes e refrigerantes e, reducdo no de peixes foram associados com a
ocorréncia de DHGNA. Ndo surpreendentemente, o baixo consumo de PUFA e a alta
ingestdo de gordura saturada e colesterol, foram também associados 8 DHGNA. Outros
estudos tém mostrado que dietas ricas em carboidratos e com mais baixos teores de
lipidios estdo relacionadas com a progressao da doenca (Solga et al. 2004; Kang et al.
2006).

Contrariamente, dados mais recentes em animais tém mostrado que em ambos,
camundongos (Bruce et al. 2009) e primatas ndo humanos (McCurdy et al. 2009), a
exposicdo materna a dieta rica em gordura favorece o desenvolvimento e a progressao
da DHGNA na prole.

Finalmente, vale a pena notar que acidos graxos livres derivados da dieta, e/ou da
lipblise do tecido adiposo e/ou da lipogénese de novo no figado, ndo sdo apenas o
ultimo substrato para a sintese hepatica de TAG, mas também tém um importante papel
direto na patogénese da DHGNA. Acidos graxos livres sdo habeis em interagir com
receptores do sistema imune inato (Lee & Hwang 2006), ativar apoptose celular (Malhi
et al. 2006), induzir estresse oxidativo (Czaja 2007), induzir a producéo de citocinas e
espécies reativas de oxigénio (Wang, Wei & Pagliassotti 2006), e interferir diretamente
com a sinalizacdo da insulina (Gao et al. 2004; Solinas et al. 2006).

Nesse contexto, € importante enfatizar o papel de algumas adipocinas e
mediadores inflamatdrios como: adiponectina, leptina, resistina, TNF-o e IL-6. Na
verdade, esses mediadores moleculares, cuja expressao € também fortemente associada
com obesidade visceral, parecem desempenhar um papel decisivo na modulacdo da
sinalizacdo de insulina e na cascata inflamatéria, duas condi¢cbes que parecem ser
centrais ndo apenas para o acimulo de gordura hepatica, mas também para a progressao
da doenca (Petta, Muratore & Craxi 2009).

2.3. Adipocinas
As adipocinas desempenham um papel importante na homeostase energética,

sensibilidade & insulina, resposta imunoldgica e doenga vascular (Gregoire 2001; Prins

2002; Xu et al. 2003; Fantuzzi 2005) e o balango entre elas, parece ser importante na



23

acao sistémica e hepatica da insulina e no desenvolvimento da doenca hepatica
gordurosa ndo alcodlica (Tilg & Hotamisligil 2006).

Um efeito protetor contra a esteatose hepética foi atribuido & adiponectina por
Méndez-Sanchez et al. (2005). Essa proteina € altamente expressa no tecido adiposo e
sua concentracdo circulante no soro humano é aproximadamente 10ug/mL (Kadowaki
& Yamauchi 2005). Seus niveis plasmaticos estdo entre 5-30mg/L em individuos
magros e representa 0,01% das proteinas do plasma. A expressdo do seu RNAm varia
de acordo com o local do tecido, sendo menor no tecido adiposo visceral que no
subcutaneo (Lihn et al. 2004) e em adipdcitos humanos, sua expressao € reduzida pelo
fator de necrose tumoral-o. (TNF-a) e pela interleucina-6 (IL-6) (Bruun et al. 2003).

A adiponectina é a mais abundante proteina secretada pelo tecido adiposo (Katja
et al. 2008) e, ao contrario de outras adipocinas, é subexpressa em pacientes obesos com
resisténcia insulinica ou com diabetes tipo 2, com doenca arterial coronariana
(Yamauchi et al. 2002) e em individuos com a DHGNA (Targher et al. 2006; Jiang et al.
2009; Savvidou et al. 2009).

No figado, a adiponectina tem propriedades de sensibilizacdo de insulina,
reducdo da gliconeogénese, do influxo de acidos graxos para o figado, aumento da
oxidacdo de &cidos graxos e diminuicdo da lipogénese de novo. Possui ainda acdes
antifibrogénica e antiinflamatdria (Polyzos et al. 2010).

Em termos clinicos, a hipoadiponectinemia tem sido associada a resisténcia
insulinica e DHGNA e pode representar um fator de risco independente para esta
hepatopatia (Nazal et al. 2010). Niveis séricos reduzidos de adiponectina parecem estar
associados com subtipos histologicos mais avancados de DHGNA e tem sido proposto
por alguns autores como um marcador ndo invasivo de DHGNA (Shimada et al. 2007,
Younossi et al. 2008).

Diferentes estudos tém mostrado uma correlagcdo negativa entre as concentragoes
de adiponectina e a severidade da EHNA, sugerindo que a adiponectina ndo é somente
um marcador 0til para distinguir a esteatose simples da EHNA, mas também um (til
marcador prognéstico (Hui et al. 2004; Targher et al. 2006). Esses resultados foram
confirmados por Jarrar et al. (2008) e Lemoine et al. (2009) em cujos estudos, as
concentragdes sericas de adiponectina foram significativamente menores na
esteatohepatite ndo alcoodlica comparada com esteatose simples e controles.

A leptina é principalmente secretada por adipdcitos e tem um papel essencial na

ingestdo alimentar, dispéndio de energia e adiposidade. Suas concentragdes séricas
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servem como um medidor das reservas de energia, desempenhando um papel na
regulacdo da homeostase energética, funcdo neuroenddcrina e no metabolismo.
Encontra-se em proporcao direta a massa de gordura corporal, diminuida no jejum e
aumentada no periodo poés-prandial. A obesidade é sabidamente acompanhada de
hiperleptinemia (Kelesidis et al. 2010).

No figado, a leptina reduz a producdo de glicose e a lipogénese de novo, enquanto
induz a oxidacdo de &cidos graxos (Marra & Bertolani 2009; Polyzos, Kountouras &
Zavos 2009). Essa adipocina tem sido considerada um hormonio antiesteatdtico
protegendo tecidos ndo gordurosos, inclusive o figado, do acumulo de gordura e da
lipotoxicidade (Lee et al. 2001). No entanto, em estados de resisténcia a insulina (RI),
incluindo a obesidade, ndo s6 o efeito protetor da hiperleptinemia parece ser limitado
como também pode ser adverso, promovendo a RI, a esteatose hepatica, a fibrose, a
inflamacéo e a oncogénese (Lee et al. 2001).

A hiperleptinemia tem sido implicada na patogénese da DHGNA (Marra &
Bertolani 2009; Polyzos et al. 2009), ocorrendo no estagio mais avancado da doenca
onde suas concentracdes séricas estdo diretamente correlacionadas com esteatose
hepaética, peptideo C e alanina aminotransferase (Chitturi et al. 2002).

A resistina foi inicialmente descoberta no lavado bronco-alveolar de ratos. Seu
nome foi escolhido pelo fato de induzir, nos mesmos animais, quando em niveis
elevados, resisténcia a insulina (Fantuzzi 2005; Mitchell et al. 2005). Além disso, no
figado de camundongos deficientes em resistina submetidos a dieta hiperlipidica, a
infiltracdo gordurosa e a secrecdo de lipoproteina de muito baixa densidade (VLDL)
estdo diminuidas, sugerindo um papel para a resistina na inducao da esteatose hepatica
(Singhal et al. 2008).

Em humanos, a expressdo desta adipocina é elevada em mondcitos e macréfagos,
mas reduzida nos adipécitos (Fantuzzi 2005; Mitchell et al. 2005). Suas func¢Ges no
organismo humano ainda ndo sédo bem entendidas (Katja et al. 2008) e as mensuragdes
de seus niveis circulantes em pacientes com DHGNA, produziram resultados
conflitantes. Pagano et al. (2006) encontraram maiores niveis plasmaticos de resistina e
de RNAmM no tecido adiposo de pacientes com DHGNA do que em controles, e 0s
niveis dessa adipocina foram diretamente correlacionados com o score de EHNA. Jarrar
et al. (2008) ndo encontraram diferencas na resistina sérica de individuos com DHGNA

e controles, porém Charlton et al. (2008) dosaram a resistina sérica em pacientes com
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DHGNA leve e avancada, e encontraram concentragdes significantemente maiores no
grupo com a doenga avancgada.

O TNF-a, uma citocina pro-inflamatdria, foi implicado no desenvolvimento de
resisténcia a insulina em animais. Esta aumentado no tecido adiposo na obesidade e
diminuido com a perda de peso e melhora da sensibilidade a insulina. Pode afetar a
sinalizag&o da insulina in vivo e in vitro, diminuir a expressao da adiponectina no tecido
adiposo e seus niveis circulantes em individuos obesos (Ruan et al. 2002).

Esta citocina estd implicada na patogénese da EHNA. Crespo et al. (2001)
mensuraram os niveis de RNAmM de TNF-a no tecido hepatico de pacientes com e sem
EHNA e encontraram niveis significantemente mais elevados no primeiro grupo. Outros
estudos demonstraram que as concentragdes séricas desta citocina eram maiores
naqueles com a forma mais avancada da DHGNA, do que naqueles com esteatose
simples e controles (Abiru et al. 2006; Haukeland et al. 2006; Park et al. 2007).
Resultado similar foi demonstrado no estudo conduzido por Tokushige et al. (2007)
para as concentracOes séricas de ambos os receptores sollveis desta citocina.

A interleucina-6 (IL-6) é uma citocina produzida por varias células (fibroblastos,
células endoteliais, mondcitos) e pelo tecido adiposo, o qual estd aumentado na
obesidade (Trayhurn & Wood 2004; Bastard et al. 2006). O tecido adiposo visceral
produz trés vezes mais IL-6 que o tecido adiposo subcutaneo (Fried et al. 1998). Sua
producdo pelo tecido adiposo pode ter um efeito direto no metabolismo hepatico ja que
sua drenagem venosa vai diretamente para o figado através da veia porta, contribuindo
diretamente para a hipertrigliceridemia relacionada a obesidade, por estimular a sintese
hepéatica de TAG (lipoproteina de muita baixa densidade — VLDL) (Nonogaki et al.
1995).

Relatos de Abiru et al. (2006) e Haukeland et al. (2006) demonstraram que na
DHGNA, a IL-6 estava significantemente elevada em comparacdo aqueles sem a
doencga. Contudo, quando ambos o0s autores compararam as concentragdes desta citocina
nos diferentes estdgios da DHGNA, os resultados foram conflitantes, sendo que
Haukland et al. (2006) ndo encontraram diferencas nos niveis de IL-6 na esteatose
simples e na EHNA, enquanto Abiru et al. (2006) concluiram gue esta citocina foi habil

em distinguir a esteatose simples da forma mais avancada da doenca hepatica.
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2.4. Resisténcia Insulinica e Obesidade

A resisténcia a insulina (R1) aumenta a lipdlise periférica, levando ao aumento
das concentracdes de acidos graxos livres (AGL) no figado, o que é potencialmente
toxico ao 6rgdo (George & Liddle 2008). Apesar da Rl causar uma alteracdo na via
glicoregulatéria da insulina, os efeitos lipogénicos desse horménio sdo mantidos
(George & Liddle 2008), e os hepatécitos ficam protegidos pela transformacéo,
catabolizacdo e exportacdo do AGL em excesso (George & Liddle 2008; Seo et al.
2008). Essas alteracdes parecem ter um papel fundamental na ocorréncia do figado
gorduroso induzido pela RI, promovendo a mobilizagdo de &cidos graxos da periferia
para o figado (Fabbrini et al. 2008).

A retencdo de AGL e TAGs dentro de hepatdcitos, a qual depende da Rl e da
hiperinsulinemia, leva a producdo de radicais livres em nivel mitocondrial, capazes de
induzir a peroxidacdo lipidica, producdo de citocinas e necrose de hepatocito (Aronis,
Madar & Tirosh 2005), o que pode promover a progressdo da esteatose simples para a
EHNA, forma mais grave da doenca (Videla et al. 2006; Maher, Leon & Ryan 2008).

O papel do tecido adiposo, mais especificamente a obesidade central, fenotipo
associado com aumentada gordura visceral na patogénese da DHGNA, é primério. O
acumulo de gordura no figado é, em grande parte, dependente da recirculacdo de AGL
do pool do tecido adiposo. E reconhecido que o tecido adiposo visceral tem maior
potencial lipolitico comparado ao subcutaneo, embora este seja 0 mais abundante, e a
liberacdo de AGL dos depositos de gordura visceral diretamente dentro da circulacdo
portal, € um dos mecanismos da injuria hepatica (Marchesini et al. 2008).

Estudos baseados em espectroscopia de protons por ressonancia magnética tém
mostrado que a quantidade de lipidios intrahepatocelular aumenta em aproximadamente
20% para cada 1% de aumento do tecido adiposo total ou subcutaneo, mas dobra para
cada 1% de aumento do tecido adiposo intra-abdominal (Thomas et al. 2005),
explicando entdo porque modestas mudangas na gordura visceral (na auséncia de
aumento do indice de massa corporal - IMC) podem causar esteatose (Bugianesi et al.
2005). O acumulo de TAG nos hepatdcitos é resultante de ambos, afluxo aumentado de
AGL e de lipogénese de novo. Por técnicas do isotopo estavel, tem sido estimado que na
presenca de esteatose, 59% dos TAG presentes no figado chegam da recirculagdo do

tecido adiposo, 26% da lipogénese de novo dos carboidratos da dieta — um valor muito
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maior do que o relatado em individuos normais — e 15% dos lipidios da dieta (Donelly
et al. 2005).

Enfim, os mecanismos associados com o acumulo de TAGs no figado e
subsequiente dano hepatocelular sdo multifatoriais e ndo completamente entendidos
(Adams & Angulo 2005; Niaz et al. 2011). Entretanto, dentre as anormalidades
metabdlicas que levam a esteatose hepatica, destacam-se a reacdo lipotoxica ao estresse
oxidativo, os fatores nutricionais e as mudangas no metabolismo lipidico hepético, que
sdo principalmente resultado da RI (Videla et al. 2006; Méndez-Sanchez et al. 2007;
Anderson & Borlak 2008; Musso, Gambino & Cassader 2009).
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3. OBJETIVOS

3.1. Geral

Analisar a relacdo entre concentracdes séricas de algumas adipocinas e 0 consumo

alimentar qualitativo em mulheres obesas com DHGNA.

3.2. Especificos

3.2.1. Caracterizar o grupo de mulheres estudadas de acordo com os dados
demogréficos, antropométricos, bioquimicos, clinicos e de estilo de vida;

3.2.2. Identificar as patologias de maior frequéncia no grupo de mulheres com DHGNA,;
3.2.3. Comparar as concentracOes séricas de algumas adipocinas nas mulheres incluidas
no estudo;

3.2.4. Correlacionar a(s) adipocina(s) cujas concentragcbes foram significantemente
diferentes entre os grupos, com os dados antropométricos e de composicdo corporal,
bioquimicos e clinicos em mulheres com e sem DHGNA,;

3.2.5. Caracterizar o consumo alimentar qualitativo de mulheres obesas com e sem
DHGNA, mediante aplicacdo do Questionario de Freqliéncia Alimentar (QFA);

3.2.6. Associar a(s) adipocina(s) cujas concentracbes foram significativamente
diferentes entre os grupos, com o consumo alimentar qualitativo de alimentos fontes de
proteina animal, carboidratos simples e gorduras, segundo o QFA, de mulheres com e
sem DHGNA.
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ABSTRACT

Objective: Investigate the relationship between adiponectinemia and food intake among
obese women with NAFLD. Method: A total of 60 obese women were examined by
abdominal ultrasound for liver steatosis and subcutaneous and visceral adiposity. A
standard interview (including questions about alcohol intake, medical history and
physical activity), a physical examination (including height, weight, body mass index,
waist and hip circumferences, waist-to-hip ratio and body composition) and biochemical
and clinical parameters (including serum glucose and insulin, homeostatic model
assessment insulin resistance, lipid profile, aminotransferases, C-reactive protein,
adiponectin, leptin, resistin, tumour necrosis factor-a, interleukin-6 levels and blood
pressure) were performed. Food intake was evaluated by a qualitative food frequency
questionnaire. Results: Twenty-four nonalcoholic fatty liver disease patients and thirty-
six controls were analyzed. The Mann Whitney test showed lower adiponectin levels in
the liver disease group compared to the controls (p=0.005). The Pearson correlation
coefficient indicated that hypoadiponectinemia was negatively correlated with total
cholesterol, very low and low density lipoproteins and serum tumour necrosis factor-a
(p=0.05) and was positively associated with body weight, subcutaneous and visceral
adiposity and serum leptin (p<0.05). Chi-square and Fisher exact tests indicated that in
both groups, food intake showed no differences, but sucrose and fatty foods were
associated with lower adiponectin levels in the liver disease group (p=0.045 and
p=0.002, respectively), as well as in the control group (p=0.054 and p=0.046,
respectively). Conclusion: Hypoadiponectinemia in NAFLD was associated with dietary
sucrose and fatty food intake, underscoring the important role of diet in the occurrence

of this disease.

Key words: adiponectin, sucrose, fatty food, obesity, nonalcoholic fatty liver disease
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INTRODUCTION

The pathophysiology of nonalcoholic fatty liver disease (NAFLD) is complex, and
reports suggest that environmental factors such as diet* may be important in its etiology.
Investigations of dietary intake among patients with NAFLD indicate high intake levels
of soft drinks®, sweets®, meat with high fat>* and lower consumption of fish rich in
omega-3 fatty acids®. Dietary macronutrient composition also appears to exert an effect
on serum adiponectin®®. The composition of the diet may directly influence the
molecular events that drive gene expression’ and the production of adipokines in
adipocytes®.

Adiponectin is an adipocyte-derived protein known to modulate the effects of insulin®.
Low adiponectin levels are associated with various components of metabolic syndrome,
including visceral adiposity (VA), hyperlipidemia, insulin resistance (IR), type 2
diabetes™ and NAFLD®**. The discovery of this adipokine has introduced a potential
mechanism to explain the pathogenesis of hepatic steatosis*>. However, reports that
associate serum adiponectin and diet composition in the context of NAFLD were not
found in the literature.

Given the increasing prevalence of NAFLD, the scarcity of studies addressing the
association of dietary habits and the evidence from animal™® and human'* studies that
high concentrations of adiponectin are associated with a protective effect against liver
steatosis, our study investigated the relationship between adiponectinemia and

macronutrients from the diet in obese women with NAFLD.
PATIENTS AND METHODS

Study design

A descriptive cross-sectional study was developed in the nutrition outpatient clinic of
Julio Muller University Hospital from Mato Grosso Federal University at Cuiaba, Mato
Grosso State, Brazil. This study was carried out in accordance with the principles of the
Declaration of Helsinki and was formally approved by the Institutional Ethical
Committee (N° 346/07). Informed consent, as well as assent, was obtained from each
patient.

The study included sixty obese women aged 20-50 years. Body mass index (BMI) >30

kg/m? was used as the initial criteria to identify the presence of obesity according to the
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World Health Organization classification standards™. Exclusion criteria included a
history of excessive alcohol intake (defined as mean daily consumption of pure ethanol
above 20 g for at least the 6-month period before the study), use of drugs known to be
associated with secondary NAFLD and other causes of chronic hepatic disease, such as
viral or autoimmune hepatitis, al-antitrypsin deficiency, Wilson disease and

hemochromatosis®.

Study measurements
Participant evaluation included an interview, anthropometric measurements, body
composition, biochemical and clinical assessments, ultrasound (US) examination and

serum adipokine levels.

Interview

A face-to-face interview was carried out in all cases by the same interviewer. The first
part of the questionnaire included demographic data, health status, medication use,
physical exercise, current alcohol intake and smoking status. The second part was a
detailed qualitative food frequency questionnaire (FFQ). The FFQ included 13 food
groups: dairy products, meat, eggs, vegetables (three groups: A (lettuce, watercress,
endive, broccoli, onions, cabbage, cauliflower, gherkins, cucumbers, tomato), B
(squash, zucchini, eggplant, beets, carrots, chayote, green pepper, okra, green beans),
and C (potato, sweet potato, cassava), fruits, grains, sweets, chocolate, soft drinks, sugar
and fried foods. For each food group, participants indicated their average frequency of
consumption (daily, once a week, twice a week, three or more times per week,
occasionally or never). “Frequent” intake of food was defined as daily, once a week,
twice a week or three or more times per week. “Infrequent” intake of food was defined

as occasionally or never.

Anthropometric measurements and body composition

Body weight was measured in light clothing and without shoes to the nearest half-
kilogram. Height was measured to the nearest half-centimeter. Body mass index (BMlI)
was calculated as weight (kilograms) divided by height (meters) squared. Subjects with
BMI greater than or equal to 30 Kg/m? were considered obese. Waist circumference was
measured to the nearest half-centimeter at the narrowest point below the lower rib

margin and the iliac crest; hip circumference was measured at the widest point between
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the hips and buttocks. Body fat distribution was evaluated by waist-to-hip ratio (WHR)
according to World Health Organization guidelines®.

Body fat percentage was analyzed using the Body Composition Monitor, Tanita
Ironman InnerScan Model: BC-558. To obtain an accurate reading, each patient stood
on the measuring platform without shoes and socks, ankles properly aligned with the
electrodes of the measuring platform and the hand electrodes held with arms straight
down, hands beside the body, without moving until the measurement was completed®’.
Thickness measurements of visceral and subcutaneous fat (cm?2) were obtained by
ultrasound examination by a private US service, and all measurements were performed
by the same examiner according to the method described by Ribeiro-Filho et al.
(2003)*8. Subcutaneous adiposity was defined as the distance between the skin and
external face of the rectus abdominal muscle; visceral adiposity was defined as the
distance between the internal face of the rectus abdominal muscle and the anterior wall
of the aorta 1 cm below the navel. The comparison of the results was done according to
Ribeiro-Filho et al. (2003)'®. Nutritional status was based on the WHO®

recommendations.

Biochemical tests

Each participant underwent biochemical testing following a 12 h fast to measure liver
enzymes, fasting serum lipid profile (Grundy et al. 2005)*°, glucose (Trinder, 1969)*°
and insulin levels determined by the chemiluminescent method, C-reactive protein and
serology for hepatitis. All biochemical assessments were performed in the Laboratory of
Julio Muller University Hospital following standard methods.

The degree of IR was determined by the homeostatic model assessment insulin
resistance (HOMA-IR)? using the formula: HOMA = fasting insulin (mU/L) x fasting
glucose (mmol/L) / 22.5.

Cytokine and adipokine levels were measured in blood drawn from 41 women in the
morning, in the same laboratory, after an overnight fast. The blood samples were
immediately centrifuged and the serum samples were stored at -80°C until analysis,
which was performed at the Laboratory of Biological Food Evaluation (UFMT). Serum
levels were measured by an enzyme-linked immunosorbent assay (ELISA) kit according
to the manufacturer’s instructions. The serum samples were quantified after dilution,
and each measurement was performed in triplicate. Tumour necrosis factor-a (TNF-a)
was quantified by using Human TNF-a ELISA MAX™ Deluxe Set from Biolegend
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(San Diego, USA). Interleukin-6 (IL-6) levels were quantified by using Human IL-6
(Interleukin-6) ELISA Ready-SET-Go! from eBioscience, Inc (San Diego, USA).
Leptin, adiponectin and resistin levels were measured with Duoset ELISA Development
kit from R&D Systems, Inc. (Minneapolis, USA) according to the manufacturer’s
manual. The absorbance was read at 450 nm within 30 minutes by Spectra Max 190.
The calibration curves were constructed by plotting the net average absorbance of the
standards on the Y-axis and the concentrations on the X-axis and drawing the best-
fitting curve. Concentrations of the adipokines in each sample were calculated from the
calibration curve with ORIGIN software v. 4.1. The correlation coefficients were linear
in a concentration range between 45.86 and 466.45 pg/mL for TNF-a (r = 0.99); 5.66
and 9.74 pg/mL for IL-6 (r = 0.98); 6.33 and 328.32 ng/mL for leptin (r = 0.99); 0.13
and 1.66 ng/mL for adiponectin (r = 0.99); and between 2.87 and 79.35 ng/mL for
resistin (r = 0.99).

Clinical examination

The women’s blood pressure was measured by a nurse technician during the pre-
consultation after at least five minutes of rest before the measurement. Blood pressure
levels were classified according to normal standards, as described by Grundy et al.
2005,

Radiological examination

Fatty liver was diagnosed by abdominal US. Although this technique has sensitivity for
the detection of steatosis of 60-94% and specificity of 88-95%, the US has the
advantage of being a low-cost assessment tool with no known risks; it is available in
almost all cities and therefore can be considered a good method for tracking disease
(Charatcharoenwitthaya & Lindor 2007)%%. Ultrasound was performed in all subjects
with the same equipment, Voluson 730 Expert (General Electric (GE), Austria). The
examination was performed after fasting for 12 hours in the morning and using the same
image service and the same examiner. The diagnosis of NAFLD was based on the
presence and degree of liver steatosis, which was classified as mild, moderate or severe

according to the stratification proposed by Rumack et al. (2005)%.
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Statistical analysis

Statistical analyses were performed using Statistical Package for the Social Science
version 13.0 (SPSS Inc., Chicago, IL, USA) software. Continuous variables were
expressed as mean * standard error of mean (SEM) or median (minimum and maximum
values), depending on assessment for Gaussian distribution. Data were analyzed by
parametric or non-parametric tests, according to their distribution. To compare the
means of variables between groups, we used the Student’s t-test or Mann Whitney test,
observing the nature of the distribution of the variables. For the analysis of linear
correlation between continuous variables, data were log transformed, and the Linear
Coefficient of Pearson was applied. Categorical data were presented in absolute and
relative frequencies, and the comparison of data held the Chi-square test and Fisher
Exact test, as indicated. The last tests were also used to determine the association
between low adiponectin concentrations and dietary intake. For this purpose, an
adiponectin concentration below the median of the whole group (<0.35ng/mL) was

considered®*. To reject the null hypothesis, the value of p<0.05 was used.

RESULTS

Characteristics of the patients

A total of 60 women were included in the study. Table 1 shows the distribution of
women according to age, prevalence and degree of obesity and NAFLD, and practice
and type of preferred physical activity. Most patients were older than 39 years of age
(51.7%), all patients were obese and most had obesity level 2 or greater (68.3%)
(WHO,1998). Ultrasonography was able to diagnose hepatic steatosis in twenty-four
women (40%); despite the limitations this diagnostic method twenty-one (35.0%) were
diagnosed with mild steatosis and three (5.0%) with severe. Thirty-six women (60.0%)
had normal liver function and were therefore designated as the control group. Irregular
engagement in physical activity was prevalent (68.3%), and walking was the most
commonly reported activity (26.7%).

Diabetes and dyslipidemia were significantly more frequent in the NAFLD group than
in the control group (p=0.030 and p=0.020, respectively). The frequency of
hypertension was not different between groups, (p=0.330); (data not shown).
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Comparisons of demographic, anthropometrics data and body composition

Significant differences were found in measurements of WHR and visceral adiposity.
The NAFLD group had significantly higher measures of WHR (p=0.010) and visceral
adiposity (p<0.001) than the control group. No significant differences were found for
age, BMI, waist circumference, subcutaneous adiposity or measures of body

composition (water, bone, muscle and fat) between groups (Table 2).

Comparisons of biochemical and clinical data

Fasting serum glucose and insulin, HOMA-IR, alanine aminotransferase and gamma
glutamyltransferase were significantly higher in NAFLD group (p<0.001). Serum
concentrations of total cholesterol, very low density lipoprotein (VLDL), low density
lipoprotein (LDL), high density lipoprotein (HDL), triacylglycerol (TAG), aspartate
aminotransferase, C-reactive protein, and blood pressure were not different between
groups (Table 3), but the diastolic pressure was marginally higher among those with
NAFLD (p=0.069).

Comparisons of adipokines

Figure 1 shows serum concentrations of adipokines in both groups. Box plots
demonstrate median values and minimum and maximum values for adiponectin, leptin,
IL-6 and TNF-a for each group, and the bar graph demonstrates mean values and SEM
(error bars) for resistin for each group. Fig.1A shows lower concentrations of
adiponectin in the NAFLD group compared to the control group (0.16 (0.13 — 0.91) vs.
0.46 (0.20-1.66) ng/mL; p=0.005). As illustrated by figures 1B, 1C, 1D and 1E, no
differences were found in serum concentrations of leptin (189.40 (6.33-328.33) vs.
266.10 (7.06-327.26) ng/mL; p=0.267), of resistin (22.42 + 4.65 vs. 35.55 + 5.33ng/mL;
p=0.085), of IL-6 ( 6.84 (5.66-9.74) vs. 6.59 (5.69-8.63) pg/mL; p=0.527) or of TNF-a
(101.93 (79.27-185.65) vs. 94.55 (75.11-149.13) pg/mL; p=0.266).

Correlation of serum adiponectin with anthropometrics and body composition,
biochemical and clinical parameters

Using bivariate analysis, serum adiponectin concentrations in the NAFLD group were
correlated only to weight, subcutaneous adiposity, visceral adiposity, total cholesterol,
VLDL, LDL, leptin and TNF-a. In the control group, serum adiponectin was correlated

only to insulin, HOMA-IR, gamma glutamyltransferase and leptin. The
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hypoadiponectinemia in the NAFLD group negatively correlated to total cholesterol
(r=-0.522; p=0.022), VLDL (r=-0.563; p= 0.023), LDL (r=-0.469; p=0.049) and serum
TNF-a levels (r=-0.655; p=0.002), but positively correlated to weight (r=0.512;
p=0.025), subcutaneous adiposity (r=0.487; p= 0.034), visceral adiposity (r=0.491; p=
0.033) and serum leptin levels (r=0.690; p= 0.002). In the control group,
hypoadiponectinemia correlated negatively to insulin (r=-0.505; p=0.016), HOMA-IR
(r=-0.460; p=0.031) and gamma glutamyltransferase (r=-0.479; p=0.024) and positively
to serum leptin levels (r=0.467; p=0.038). There was no correlation of serum

adiponectin with other parameters.

Frequency of habitual food intake in NAFLD and control groups

According to the FFQ, no significant differences were found between groups for
frequency of consumption of dairy products (83.3% NAFLD vs. 86.1% control;
p=0.999), red meat (100.0% NAFLD vs. 91.7% control; p=0.268), white meat ( 91.7%
NAFLD vs. 86.1% control; p=0.691), eggs (16.7% NAFLD vs. 27.8% control;
p=0.319), A vegetables (87.5% NAFLD vs. 97.2% control; p=0.292), B vegetables
(91.7% NAFLD vs. 91.7% control; p=0.999), C vegetables (62.5% NAFLD vs. 83.3%
control; p=0.068), fruits (91.7% NAFLD vs. 86.1% control; p=0.691), grains (constant),
beans (100.0% NAFLD vs. 86.1% control; p=0.077), sweets (41.7% NAFLD vs. 36.1%
control; p=0.665), soft drinks (62.5% NAFLD vs. 80.5% control; p=0.121), chocolates
(12.5% NAFLD vs. 8.3% control; p=0.675), sucrose (66.7% NAFLD vs. 83.3% control;
p=0.135) or fried foods (50.0% NAFLD vs. 58.3% control; p=0.525) . Low frequency

of intake was observed in both groups for eggs and chocolates.

Association between low adiponectin concentration (<0.35ng/mL) and frequent
intake according to FFQ of animal protein, simple carbohydrates and fats

Table 4 shows that lower concentrations of adiponectin were associated with a
moderately frequent intake of sucrose in the NAFLD group and frequent intake in the
control group (p=0.045 vs. p=0.054, respectively). Lower concentrations of adiponectin
were also associated with infrequent fried food intake in the NAFLD group (p=0.002)
and frequent intake in the control group (p=0.046). In the NAFLD group, there was no
association between reduced adiponectin levels and the frequent intake of other foods.

However, in the control group, the reduced concentrations of adiponectin were
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associated with frequent consumption of milk (p=0.054), white meat (p=0.054), soft
drinks (p=0.054), and the non-consumption of eggs (p=0.054) and sweets (p=0.046).

DISCUSSION
Hypoadiponectinemia occurred in all evaluated women, but these levels were

16,25

significantly lower among NAFLD patients, a result seen in some studies while

diverging from others?®®%.

Hypoadiponectinemia has been implicated in the
development of IR and various associated diseases®®. As the development of IR causes
the accumulation of fat in the liver®, lower adiponectin levels were expected to be
related to the development of fatty liver. In the liver, adiponectin is considered to have
insulin-sensitizing, antifibrogenic and anti-inflammatory properties by acting on
hepatocytes, hepatic stellate cells, and hepatic macrophages (Kuppfer cells),
respectively®®. It acts through the activation of 5-adenosine monophosphate-activated
protein kinase and peroxisome proliferator-activated receptor-a pathways and inhibition
of toll-like receptor-4-mediated signaling®™. As a result, modifications in gene
expression occur, which subsequently leads to decreased gluconeogenesis, decreased
free fatty acid influx into to the liver, increased free fatty acid oxidation and decreased
de novo lipogenesis®. By these mechanisms, hypoadiponectinemia contributes to the
progression of hepatic steatosis. Different studies have reported negative correlations
between hypoadiponectinemia and HOMA-IR'®3 triacylglycerol (TAG) and total
cholesterol® and positive correlations between adiponectinemia and high density
lipoprotein (HDL)®. Our results showed negative correlation with total cholesterol
levels, very low density lipoprotein (VLDL) and low density lipoprotein (LDL),
confirming the association between reduced adiponectin concentrations and atherogenic

lipid profile®.

A strong negative correlation between hypoadiponectinemia and TNF-a levels and a
positive correlation between hypoadiponectinemia and leptin levels were observed. As
cited before, conditions such as visceral adiposity and IR reduce the levels of
adiponectin, leading to a proinflammatory state and the generation of chronic injury
factors like TNF-a and other acute phase proteins®. It is believed that a high TNF-a
level is another reason for the low concentrations of adiponectin in NAFLD®. As

adiponectin and TNF-a have opposite effects on insulin sensitivity and inflammation®,
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the balance between them may be important in the pathogenesis of nonalcoholic
steatohepatitis (NASH).

The relationship between circulating leptin and adiponectin is inversed. In obesity,
leptin concentrations are elevated, whereas adiponectin levels are reduced®”. Although
there was a positive correlation between these adipokines in the NAFLD group, our
results showed lower levels of adiponectin and elevated levels of leptin in obese
women. We found great variability in serum leptin in the women studied. This may be

related to hormonal changes, especially those of estradiol during the menstrual cycle®®.

It has been suggested that adiponectin concentration is mainly regulated by body
composition because plasma concentration is negatively correlated with percentage of
body fat**. In our study, however, no correlation was observed with this parameter,
although there were positive correlations between hypoadiponectinemia and body
weight and subcutaneous and visceral adiposity. Although there was no inverse
correlation with adiposity, our results confirm that circulating concentrations of
adiponectin are decreased in obese humans'®*"*°. Among women with visceral obesity,
Drolet et al. (2009)* found that adiponectin release by omental adipocytes is
significantly reduced, while subcutaneous adipocyte adiponectin release is unaffected.
In addition, they demonstrated that adiponectin release by omental adipocytes is
proportionately lower with increasing fat cell size in this depot®’. However, in the
visceral adipose tissue, the adiponectin secretion can be stimulated by use of insulin or
rosiglitazones (Motoshima et al. 2002)*.

Comparisons between groups showed no differences between serum concentrations of
TNF-a, IL-6, leptin and resistin. Jarrar et al. (2008)% reported higher concentrations of
TNF-a and IL-6 in the NAFLD group but similar levels of resistin. However, Lemoine
et al. (2009)?’, found no significant differences in serum 1L-6 and TNF-a receptor 1
between patients with NASH, simple steatosis and controls, but showed lower
concentrations of leptin and a higher adiponectin/leptin ratio in the control group.

Despite conflicting results, scientific studies***

are unanimous that the circulating
levels of adipokines, with the exception of adiponectin, are elevated in obesity and in

states of insulin resistance.
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Analysis of the frequency of food consumption of women with and without NAFLD
showed no differences for the various food groups. Kim et al. (2008)* has shown that
patients with NAFLD had a higher intake of foods with low nutritional value and foods
high in salt, dairy products, meat, beans, and low consumption of fruits. These results
are similar to those found in our study, except for fruit, where frequency of

consumption was higher in the NAFLD group.

A study analyzing the food consumption of individuals with NAFLD showed increased
consumption of soft drinks and meat in general, low intake of fish rich in omega-3 fatty
acids and an association between diets rich in protein and sucrose with NAFLD?,
Another study* showed that diets rich in carbohydrates and low in fat were associated
with increased liver damage. Among morbidly obese participants, Solga et al. (2004)*°
observed a high degree of inflammation associated with high carbohydrate intake
compared with high fat intake. Although these studies have produced conflicting results,
they support the concept that carbohydrates in the diet are more harmful than dietary fat
in the pathogenesis of NAFLD in humans*. Among obese, hyperinsulinemic
individuals, high carbohydrate intake appears to increase de novo lipogenesis in the

liver, while high fat intake reduces lipogenesis®*.

Linking dietary factors to hypoadiponectinemia, we found that in the NAFLD group,
even a moderately frequent intake of sucrose and infrequent intake of fatty foods was
associated with lower levels of adiponectin. Sucrose and fatty foods were the only
nutrients associated with lower concentrations of adiponectin in the NAFLD and control
groups. It is important to report that in the NAFLD group, even low frequency of

consumption of fatty foods was associated with hypoadiponectinemia.

Reports in the literature show that hypoadiponectinemia is associated with diets high in

5,49,50

carbohydrates and, in contrast, diets rich in unsaturated fats are associated with

high concentrations of adiponectin®*°

. Unsaturated fats are ligands of peroxisome
proliferator-activated receptor-y (PPAR-y)>, whose activation has been directly linked
to increased levels of adiponectin®®. A diet rich in unsaturated fatty acids (FA) may
therefore have direct effects on adiponectin levels. Another proposed mechanism is that
diets low in fat and rich in carbohydrates lead to a redistribution of body fat depots from

peripheral to central®®. However, in a study with normal weight and obese women,
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evaluating the effects of low- and high-fat diets similar in energy content demonstrated
that adiponectin levels varied according to insulin sensitivity among the obese women.
By eating a diet rich in fat, insulin resistant obese women had lower levels of
adiponectin compared to those more sensitive to the hormone>. This may explain the
association found between hypoadiponectinemia and fats, assuming that the median
value of HOMA-IR of women in the present study indicated the state of insulin
resistance.

In summary, hypoadiponectinemia in NAFLD was associated with dietary sucrose and
fatty food intake, underscoring the important role of diet in the occurrence of this
disease. In addition, results from the present study highlight the need for larger studies
employing instruments to ensure adequate quantitative and qualitative assessment of the
diet and including follow-up in the study design. Future studies may be able to establish
a causal relationship between the variables, or could at least allow the application of
statistical tests such as logistic regression analysis to control for possible confounding
factors.
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Table 1. Distribution of women studied according to age, prevalence and degree of

obesity and NAFLD, and practice and type of physical activity

Variables Frequency Percentage
Age (years) N %
20a39 29 48.3
>40 31 51.7
Total 60 100.0
BMI (Kg/m?) N %
Obesity Grade 1 19 31.7
Obesity > Grade 2 41 68.3
Total 60 100.0
NAFLD (%) N %
Mild steatosis 21 35.0
Moderate steatosis - -
Severe steatosis 03 5.0
Normal liver 36 60.0
Total 60 100.0
Physical activity N %
Regular 19 31.7
Irregular 41 68.3
Total 60 100.0
Type of physical activity N %
None 41 68.3
Walking 16 26.7
Others* 03 5.0
Total 60 100.0

Values expressed in frequency (absolute and relative) of the number of women (n=60);
*others: gymnastics, dance, cycling. BMI: body mass index; NAFLD: nonalcoholic

fatty liver disease
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Table 2. Demographic, anthropometric and body composition analysis of NAFLD
and control groups.

Variables Groups p value
NAFLD (n=24) Control (n=36)
Age (years) 39.5+1.6 37.9+1.3 0.421
BMI (Kg/m?) 39.4 36.7 0.172
(30.3-63.2) (30.3-55.4)
Waist circumference (cm) 114.8 109.2 0.213
(93.6-167.0) (93.1-135.8)
WHR 0.98+0.02 0.92+0.01 0.010*
Visceral adiposity (cm?) 5.4 4.0 <0.001*
(3.7-8.5) (2.6-7.7)
Subcutaneous adiposity (cm?) 4.1+0.3 4.5+0.2 0.229
Water (%) 40.5 42.1 0.509
(34.3-63.0) (33.8-48.7)
Bone (Kg) 2.7 2.6 0.245
(2.2-3.2) (2.0-3.2)
Muscle (Kg) 50.5 49.1 0.253
(40.1-60.1) (36.6-60.9)
Fat (%) 46.4 43.4 0.550
(22.8-55.0) (34.5-55.9)

Values expressed in mean + SEM (Student’s t-test) and median (minimum and
maximum values) Mann Whitney test *p<0.05. WHR: waist-to-hip ratio
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Variables p value
NAFLD (n=24) Control (n=36)
Glucose (mg/dL) 111.0 90.5 0.001*
(77.0-315.0) (75.0-159.0)
Insulin (UI/mL) 214 10.8 <0.001*
(5.5-88.9) (3.9-29.4)
HOMA-IR (<2) 6.3 2.4 <0.001*
(1.3-27.6) (0.8-6.4)
Total cholesterol (mg/dL) 179.0 181.5 0.856
(127.0-268.0) (124.0-297.0)
VLDL (mg/dL) 28.3 21.0 0.394
(12.6-70.0) (9.4-50.6)
LDL (mg/dL) 110.5 1194 0.213
(70.0-163.0) (76.4-223.4)
HDL (mg/dL) 41.0 425 0.526
(21.0-60.0) (28.0-55.0)
Triacylglycerol (mg/dL) 143.0 105.0 0.070
(51.0-491.0) (47.0-253.0)
Alanine aminotransferase 27.0 17.0 0.001*
(UI/L) (15.0-43.0) (9.0-61.0)
Aspartate aminotransferase 21.0 20.0 0.259
(UI/L) (12.0-32.0) (4.0-43.0)
Gamma glutamyltransferase 37.5 23.0 <0.001*
(U/L) (18.0-89.0) (13.0-128.0)
C-reactive protein (mg/dL) 4.7 5.8 0.722
(1.7-48.0) (1.0-24.0)
Systolic blood pressure 120.0 120.0 0.244
(mmHg) (100.0-200.0) (90.0-160.0)
Diastolic blood presure 90.0 80.0 0.069
(mmHg) (60.0-120.0) (60.0-100.0)

Values expressed in median (minimum and maximum values) Mann Whitney test

*p<0.05. HOMA-IR: homeostatic model assessment-insulin resistance; VLDL: very

low density lipoprotein; LDL: low density lipoprotein and HDL: high density

lipoprotein
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Figure 1. Serum adipokines of NAFLD and control groups: (A) adiponectin, (B)

leptin, (C) resistin, (D) interleukin-6, (E) tumour necrosis factor-a. Mann Whitney

test (A, B, D, E) and Student’s t-test (C).
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Whitney test (Figure 1A)



51

Table 4. Association between reduced serum adiponectin concentration (<0.35
ng/mL) and frequent intake according to FFQ of animal protein, simple
carbohydrates and fats.

Food intake NAFLD (19) Control (22)
Adiponectin <0.35ng/mL (14) Adiponectin <0.35ng/mL (9)

F1 (%) IF (%) p-value FI (%) IF (%) p-value
Milk 71.4 28.6 0.530 100.0 0 0.054*
Red meat 100.0 0 - 100.0 0 0.240
White meat 100.0 0 - 100.0 0 0.054*
Eggs 7.1 92.9 0.999 0 100.0 0.054*
Sucrose 42.9 57.1 0.045* 100.0 0 0.054*
Sweets 14.3 85.7 0.084 0 100.0 0.046*
Soft drinks 85.7 14.3 0.272 100.0 0 0.054*
Chocolates 7.1 92.9 0.999 0 100.0 0.240
Fried foods 14.3 85.7 0.002** 100.0 0 0.046*

*p<0.05 and **p<0.01 Fisher exact test. The frequent intake (FI) of food was defined as
daily, once a week, twice a week or three or more times per week. The infrequent intake
(IF) of food was defined as occasionally or never. No statistics are computed because

the frequent intake of red and white meat is a constant in NAFLD group.
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Termo de Consentimento
TR , fui informado dos objetivos,
procedimentos, riscos e beneficios desta pesquisa, descritos acima.

Entendo que terei garantia de confidencialidade, ou seja, que apenas dados consolidados
serdo divulgados e ninguém além dos pesquisadores tera acesso aos nomes dos
participantes desta pesquisa. Entendo também, que tenho direito a receber informacdes
adicionais sobre o estudo a qualquer momento, mantendo contato com o pesquisador
principal. Fui informado ainda, que a minha participacdo € voluntaria e que se eu
preferir ndo participar ou deixar de participar deste estudo em qualquer momento, isso

NAO me acarretara qualquer tipo de penalidade.

Compreendendo tudo o que me foi explicado sobre o estudo a que se refere este

documento, concordo em participar do mesmo.

Assinatura do participante

(ou do respoNnSAVel, SE MENOK): ....coiiieieirieieeee e

Assinatura do pesquisador principal: .........cccccocevveiieni e

Pesquisador Principal:

Profé Dr* Maria Helena Gaiva Gomes da Silva

Universidade Federal de Mato Grosso

Faculdade de Nutricdo/Departamento de Alimentos e Nutri¢éo

Telefones: (65) 3615-8814, 3615-8816, 3615-8811

Em caso de necessidade, contate (nome do pesquisador) no (endereco, telefone, e-mail)

Informacdes sobre o projeto fazer contato com o CEP do HUJM: fone: (65) 3615 7254.

Data (Cidade/dia més e ano) de de 2009.
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PROTOCOLO DE DIAGNOSTICO DE DOENCA HEPATICA GORDUROSA
NAO ALCOOLICA

Data /| [ N° do registro:

Nome:

Data de nascimento /| ldade: Sexo:

Endereco:

Telefone:

Profissao : Procedéncia: Estado Civil:

N° de Gestagoes: N° de Filhos: PA:

1. QUEIXA PRINCIPAL
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2. HISTORIA DA DOENCA (inicio, internacdes, perda de apetite, edema, ganho

de peso, emagrecimento, evolugdo, complicacdes, sintomas gerais)

Observacoes:

3. MEDICAMENTOS (metaformina, vitamina E, tiazolidinediona eoutros)

SINTOMAS GASTROINTESTINAIS (persistem por mais de duas semanas)

Sintomas

Sim

Nao

Dificuldade para mastigar

Dificuldade para deglutir

Odinofagia

Nausea

Dispepsia

Distensao abdominal

VOmitos




5. TRATO INTESTINAL (evacuac0es, freqliéncia, consisténcia, obstipacao,
diarréia)

6. TRATO URINARIO

Observacoes:

7. EXAME FISICO

Aspectos fisicos Sim Né&o

Ascite

Edema de tornezelo

Observacoes:

8. ANTECEDENTES PATOLOGICOS

Pessoais:

Familiares:



Cirdrgicos:

Observacoes:

HABITOS GERAIS

72

Habitos

Tabagismo

Etilismo

Exercicio fisico

Sim

Nao

Ex usuério/praticante

Inicio

Frequéncia

Quantidade

Tipo

Observagoes:




10. HABITOS ALIMENTARES
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Alimentos

Tipo

Diaria

1x/semana

2x/semana

3x/semana
ou mais

Esporadico

Nunca

Leite e
derivados

Carnes e
0voSs

Vegetal “A”

Vegetal “B”

Vegetal “C”

Frutas

Cereais

Leguminosas

Doces

Chocolate

Refrigerantes

Sacarose

Frituras




Método de coccao:

74

Temperos:

() naturais
() artificiais

Quais?

NUmero de refeigcdes/dia e local:

Outras refei¢bes fora do horario normal:

Aporte de sal:

Gorduras:

Agua:

Habitos, tabus, alergia ou intolerancia alimentar:




Observacoes:

11. PERFIL ANTROPOMETRICO

Alteracdo de peso em alguma fase da vida:

() inféncia
() adolescéncia
( )adulta

Mudanca no peso corpéreo:

a) Peso habitual (Kg):

b) Peso atual (Kg):

c) Alteracdo de peso nos Gltimos 6 meses:

75

Altura (cm) Gordura corporea (%)
Peso (Kg) Agua corporea (%)
IMC (Kg/m?) Massa 6ssea (Kg)

Circunferéncia da cintura
(cm)

Massa muscular (Kg)

Circunferéncia do quadril
(cm)

Raz&o cintura /quadril




Observacoes:

12. AVALIACAO LABORATORIAL

76

Exames

Parametros

Valores

Glicemia (jejum)

Glicose (mg/dl)

Insulina (jejum)

Insulina (LUI/ml)

Modelo de avaliagdo homeostatica de glicose

(HOMA)

HOMA-IR (<2)

Lipideos sericos (jejum)

Colesterol total (mg/dl)

Colesterol HDL (mg/dl)

Colesterol VLDL (mg/dl)

Colesterol LDL (mg/dl)

Triacilglicerol (mg/dl)

Teste para hepatite viral

Hepatite B (HbsAQ)

Hepatite C (HCV)

Enzimas hepaticas

Alanina aminotransferase -
ALT (UI/L)

Aspartatoaminotransferase -
AST (UI/L)

Gamaglutamiltranspeptidase —
GAMA (U/L)

ConcentracGes hormonais séricas

Insulina (LUI/ml)

Leptina (ng/ml)

Adiponectina (ng/ml)

Resistina (ng/ml)

Marcadores inflamatorios

Interleucina 6 (pg/ml)

Fator de necrose tumoral o
(pg/ml)

Proteina C reativa (mg/dl)




Observacoes:

13. ULTRASSONOGRAFIA ABDOMINAL

a) Adiposidade visceral (cm?):

b) Adiposidade subcutanea (cm?):

c) Presenca de esteatose:

d) Grau de esteatose:

Observacéo:

14. DIAGNOSTICO CLINICO

15. DIAGNOSTICO NUTRICIONAL

Nutricionista
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