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Resumo

A gendmica nutricional avalia o efeito da variagfmeética na interacdo entre
dieta e doencas cronicas. O objetivo deste mamois@oi revisar os principais
polimorfismos associados com obesidade, diabetdgongetambém com fatores da
dieta. As principais interacfes entre polimorfisngeméticos e dieta foram: 1. Para
obesidade =L-6 (interleucina-6) com consumo energéti®RAR-gama2(receptor
ativado por proliferador de peroxissoma-gama 2F 1O (fat mass and obesity
associateyl com consumo de gordura8DRB2 (receptoi3-adrenérgico 2) eMiICR4
(receptor da melanocortina 4) com consumo de @hdios; 2. Para perda de peso =
UCPs (proteinas desacopladoras) com restricdoical@. Para leptinemia EEPR
(receptor da leptina) com restricdo caldrica; 4aHaM =PPAR-gamaZom consumo
de gordura; 5. Para hipertrigliceridemiaFABP2 (proteina transportadora de acidos
graxos 2) com consumo de gordura. Os dados apagesnsugerem gue a gendmica

nutricional é importante no desenvolvimento da maeke e DM.

Descritores:interacdo gene-nutriente, polimorfismos, obesidd@ddetes melito.
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Abstract

Nutritional genomics evaluate the effects of genetiriation of the interaction
between diet and chronic diseases. The aim ofntlaisuscript was to review the most
important genetic polymorphisms associated withsapediabetes mellitus (DM), and
dietary factors. The main interactions among genadiymorphisms and diet were: 1.
For obesity =IL-6 (interleukin-6) with daily intake,PPAR-gama2(peroxisome-
proliferated activator receptor gama 2) & (fat mass and obesity associated) with
fat intake, ADRB2(-adrenergic receptor 2) adMCR4 (melanocortin receptor 4) with
carbohydrate intake; 2. For reduction in body wemghdCPs(uncoupling proteins) with
restriction of energy; 3. For leptinemia lEEPR (leptin receptor) with restriction of
energy; 4. For DM =PPAR-gama2with fat intake; 5. For hypertriglyceridemia =
FABP2 (fatty acid binding protein 2) with fat intakehd& data demonstrated suggest that

nutritional genomics is important in the developinaiobesity and DM.

Keywords: gene-nutrient interactions, polymorphisms, obesitgpetes mellitus.
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Introducao

O conceito de interacdo gene - nutriente descrawedulacao dos efeitos dos
componentes dietéticos em um fenétipo especifigbciesdo a um polimorfismo
genéticdl).

Atualmente, novos paradigmas de investigacdo nacieiéde genética tém
demonstrado a importancia da genémica nutriciomalpesquisas onde a finalidade é
possibilitar uma melhor compreensao de como agéatrpode influenciar nas vias da
homeostase metabdli¢@). O conceito global da gendmica nutricional izdil dois
termos, a nutrigenética e a nutrigendémica. A natr@ica estuda o efeito da variacao
genética na interacdo entre dieta e doenca. O iabjela nutrigenética é gerar
recomendag0des dietéticas considerando os riscodeneficios de dietas especificas ou
componentes dietéticos para o individuo de acoomo suas caracteristicas genéticas.
Ja a nutrigendmica estuda a influéncia dos nuaserbbre a expressao dos ggBes
(Figura 1). Ambas tém um potencial facilitador prevencdo de doencas cronicas: a
nutrigenética via uma abordagem individualizadaoraduta dietética e a nutrigenémica
pela resposta da expresséao dos genes em relacaoaomo de nutrient¢s).

Muitas doencas cronicas como obesidade, diabeti#® 1figM) tipo 2, doencas
cardiovasculares (DCV) e sindrome metabdlica () sua patogénese relacionada a
fatores ambientais genéticos (5). Dentre os fatores ambientais, irsgua dieta que
pode contribuir na incidéncia e gravidade dessan@hs cronicas. Por outro lado, os
componentes da dieta podem ter um efeito moduladsrfenétipos dependentes da
variacao genética, efeito este considerado corecaigdio gene - nutriente (6).

Estudos de gendmica nutricional vém demonstrangoitantes associagdes de

polimorfismos com o consumo de nutrientes, em ésajpeam a gordura. Na populagéo
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em geral foi demonstrado que a ingestdo de gorducapaz de determinar o efeito de
alguns polimorfismos (gene da lipase hepatica ee gda apolipoproteina) no
metabolismo de lipoproteing@, 8). A associacdo da ingestdo de gordura com a
presenca dos componentes da SM € também modulkdprpsenca de polimorfismos
especificos, como os do geneRIBAR- gamd9, 10).

Em pacientes com DM, em particular com DM tipo Zne individuos obesos,
recentesevidéncias relacionadas a interacdo de gene -entdgrivém também sendo
descritas na literatura.

O presente manuscrito teve comigjetivo revisar os principais polimorfismos
genéticos relacionados com obesidade, DM tipo @nelicdes ou fatores relacionados a
estas patologias que ja tenham sido associadosriaa fconsistente com a genémica
nutricional, com particular énfase em nutrigenética
Interacdes gene - nutriente: associacbes com a geree da obesidade e/ou diabetes
melito

O DM tipo 2 é considerado uma epidemia mundial timesse que a sua
prevaléncia aumente de 2,8% para mais de 4,4% @3 211). Paralelamente,
mudancas no estilo de vida caracterizadas peloucumgaldrico excessivo e redugéo
da atividade fisica, associadas a susceptibilidadepredisposicdo genética para o
excesso de pes(l2), determinaram um aumento mundial da prevaédeiobesidade
(13). Estes mesmos fatores ambientais, tambémiaeétos a um forte componente
genético, participam de forma importante na pategéndo DM tipo 214). Neste
sentido, os aspectos da dieta relacionados a geadmitricional possivelmente
exercem um papel importante no desenvolviment@egpicdo dessas doencas cronicas.

Para revisar os estudos sobre interacdo geneiemtatem obesidade e DM tipo

2 foram utilizados Medlinee Lilacs (lingua portuguesa, inglesa e espanhola), além de
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publicacdes especificas da area até novembro d& @@0descritores utilizados foram:
interaction gene and nutrient AND obesity OR tydeN\2. Foram selecionados estudos
sobre os polimorfismos dos seguintes genes: Intgria-6 (L-6) (18, 19); Receptores
Ativados por Proliferadores de PeroxissomRBARS (23-27); Receptop-Adrenérgico
(ADRB (29, 33); Proteinas Desacopladoras (UCPs) (33, Béceptor da Leptina
(LEPR (37, 38); Receptor da Melanocortind@R) (41, 43);Fat Mass and Obesity
AssociatedFTO) (48, 49); Lipase HepaticalPC) (7, 52-54); AdiponectinaaflipoQ
(60, 61); Co-ativador 1 alfa do receptor ativado poliferador de peroxissomGC-
1-alfa) (65); Proteina Transportadora de Acidos Grax¢EABP2 (66, 67, 69, 70 ) e
Apoliproteina Apo) (8, 73).

Os principais estudos que avaliaram as interagées-gutriente com obesidade
e com DM tipo 2 estdo resumidos no Quadros 1. QIrgua descreve as interagoes
gene-nutriente com condicdes ou fatores associadimesidade ou ao DM, tais como
sobrepeso, SM, niveis plasméticos de insulina esiliédade a sua acdo, valores
plasmaticos de leptina, lipoproteinas e acidosagaéricos.
Genes cuja interacao gene - nutriente foi descriggara obesidade ou DM

Polimorfismo do gene da Interleucinalb-6):

A interleucina-6 IL-6) € uma citocina com efeito pré-inflamatério que é
secretada por varios tipos de células, incluindedeitos e células endoteliais, tecido
muscular e adiposo. A presenca de elevada concéatide IL-6 se relaciona com a
inflamacgéo.

O polimorfismo mais comum do gene Ha6 é -174C/G, o qual tem sido
associado com a obesidade e outras co-morbidades &oesisténcia & agdo da insulina

(RI), SM e DM tipo 2 (15-17).
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Em homens japoneses portadores de outro polimafido gene ddL-6, o
Asp358Ala (T/G), foi observado uma associacao p@sintre o maior consumo de
energia e obesidade abdominal em individuos paadio alelo T quando comparados
aos outros genotipos deste polimorfismo (QuaddB});

Um interessante estudo avaliou o efeito de uma tigcalorica em individuos
obesos e portadores do polimorfismo -174C/GLd@ e do polimorfismo Prol2Ala do
PPAR-gama2 Neste estudo, a presenca do alelo C do -1740i@Gmente com a
presenca do alelo A d@PAR-gamadareceu reduzir a perda de peso nestes individuos.
Estes resultados evidenciam o papel destes polsnw$ na regulacdo do peso e
também sugerem um efeito sinérgico de ambos naapdpeso resultante de dieta
hipocal6éricadQuadro 1; 19).

O consumo energético parece ter um papel importaote fenétipos da
obesidade na presenca de distintos polimorfismds-@a Nao existem dados sobre a
possivel interacdo gene-nutriente deste polimodiem pacientes com DM tipo 2.

Polimorfismo do gene do Receptor Ativado por Peodifior de Peroxissoma - gama

(PPAR-gama

Os receptores ativados por proliferadores de pssowias PPARS regulam a
expressao de diversos genes relacionados ao metabalos lipideos e da glicose. O
PPAR-gamase expressa predominantemente no tecido adiposxere um papel
importante na diferenciacdo dos adipécitos e naiessfo de diversos genes. Existem
duas isoformas d®PAR-gama PPAR-gamale PPAR-gama2 O PPAR-gamalse
expressa em diversos tecidos incluindo tecido agipmusculo esquelético, coracdo e
figado. Ja ®PAR-gamaz expresso quase que exclusivamente no tecidosadimais

especificamente nos adipécitos, e determina a ss@oe de genes especificos das
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células adiposas, os quais codificam proteinadadivente relacionadas com as vias
lipogénicag20).

O polimorfismo mais frequente dRPAR-gamaZ a substituicdo de uma alanina
por prolina na posicado 12 (Prol2Ala) no ponto deagdpo no exon B da parte NH2
terminal do PPAR-gama2 Este polimorfismo foi associado com melhora da
sensibilidade a acdo da insuli2Zd) bem como & protecédo para o desenvolvimento de
DM tipo 2(22).

Os estudos de interacao gene-nutriente e DM tigen2onstraram que pacientes
portadores do genétipo Prol2Ala apresentaram maicidéncia de DM quando
expostos a um elevado consumo de gordura saturgdaleratrans(Quadro 1; 23). O
Finnish Diabetes Prevention Study Grow@gvaliou modificacbes no estilo de vida em
individuos com alto risco para DM tipo 2, incluindedu¢do no consumo de gordura
total e gordura saturada além de um aumento noucungle fibras totais. Nestas
condicbes, portadores do alelo Ala desenvolverammomiefreqientemente DM
comparados a portadores do alelo Pro (Quadro 1;R&tentemente, Botnia Dietary
Study Groupdemonstrou em mulheres ndo diabéticas portadaraslaedlo Ala uma
associagdo positiva entre o alto consumo de acidrogeicosapentaendico (EPA)
proveniente da carne de peixe e 0 melhor contreldeddétipos associados com o
metabolismo da glicose, como resisténcia a acdosigina (RI) e insulina e glicose
plasmaticas (Quadro 2; 25).

Em pacientes caucasianos com sobrepeso e homaiBodo o polimorfismo
Prol2Ala também foi associado com um maior consdmgordura totalQuadro 1;
26). J& em individuos hispanicos, a associacamlimgrfismo Prol2 Ala com o indice

de massa corporal (IMC) somente foi observada ertagares de alelo A com alto
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consumo de gordura poli-insaturada e maior razdoccatesumo de gordura poli-
insaturada: saturad@uadro 1; 27).

Polimorfismo do gene do RecepfAdrenérgico ADRB):

Os receptoref-Adrenérgicos ADRB9 sdo expressos no tecido adiposo branco
e estdo intimamente envolvidos na mobilizacdo dusldos. Existem trés genes da
familia do ADRBs ADRB1 ADRB2e ADRB3que sdo importantes genes candidatos
para a obesidade devido a sua participacdo naaggudo gasto energético. Os genes
do ADRB2afetam principalmente a lipdlise e seus difereptdsnorfismos vem sendo
associados com a obesidade.

Os dois polimorfismos mais comuns ADRB2sé&o caracterizados pela troca da
arginina no cédon 16 pela glicina, formando o polifismo Argl6Gly, e pela troca de
glutamina no cédon 27 pelo &cido glutdmico, fornmara GIn27Glu. Ambos o0s
polimorfismos tém sido explorados nas pesquisa®tgas por estarem fortemente
associados com a obesid#28).

Em um estudo de interacdo gene-nutriente foi detramts que o0 consumo de
carboidrato (>49% da energia total) pode estarcesdo com um aumento de risco para
obesidade (RR = 2,56), particularmente em mulh@a$adora do alelo Glu do
polimorfismo GIn27Glu dAADRB2(Quadro 1; 29).

Contudo, sao necessarias maiores evidéncias querceam o efeito da dieta
nos efeitos relacionados a presenca dos polimarEsinADRBS em particular no gene
do ADRB2

Polimorfismo do gene das Proteinas Desacoplado@Bs):

As proteinas desacopladoras (UCPSs) representam ecanismo de regulacao
pelo qual a energia é utilizada para gerar caloreuvitar a saturacdo da cadeia

respiratoria. Elas pertencem a familia de prote@aaeadoras que estdo localizadas no
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interior das membranas das mitocondrias. Existelm menos trés isoformas comuns
de UCPs: UCP1 é expressa no tecido marrom, UCPZB3Ugue sdo expressas
predominantemente no tecido muscular e no musagjoetético, todas influenciando a
termogénes¢30). O seu papel na termogénese em humanos, tkmasaliado em
estudos que indicam a relacdo positiva entre pofismos da UCP e atividade fisica,
metabolismo e gasto energético, IMC, além de nwmra obesidade e para o DM tipo 2
(31).

Um dos polimorfismos associado com a obesidade-86G/A do gene da
UCP2. Individuos hispanicos portadores do alelgpf@sentam risco aumentado para o
desenvolvimento da obesidg@e).

Estudo realizado em 224 pacientes com sobrepelsestdade portadores de SM
ou doencas cardiovasculares avaliou o efeito dedieta hipocaldrica na presenca de
polimorfismos dos genes da UCP3 (-55C/T) e tamb@&mADRB3 (-64T/A). Foi
demonstrado que somente os pacientes homozigotasopalelo C e alelo T (grupo
“wild type”) apresentaram reducdo da gordura corporal e nlogsesada glicose e
insulina plasmaticas. Nos demais genétipos, parboanos polimorfismos, ndo foi
observado nenhum efeito da dieta hipocalérica (@uagd33).

Seis diferentes polimorfismos do gene da UCP3 (fb5Qnt2-143G/C,
Tyr99Tyr, Int3-47G/A, Int4-498C/T e Tyr210Tyr) e asyossivel associacdo com
obesidade e com o consumo de uma dieta hipocaluizgate um més foram avaliados
em 214 mulheres coreanas com sobrepeso. Trésipaplda UCP3 [CGTACC] foram
associados com uma maior perda do peso ap6s arsgoide uma dieta hipocalorica

(Quadro 1; 34).
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Os dados existentes indicam que determinados gesatios polimorfismos do
gene das UCPs favorecem a perda de peso aposdestelorica em individuos com
sobrepeso e obesidade.

Polimorfismo do gene do Receptor da LeptilaRR):

A leptina é um hormbnio produzido pelo tecido adipoe que atua
fundamentalmente no hipotdlamo. Em humanos, vakiesdos de leptina plasmatica
podem caracterizar a obesidade, o que sugere divdmos obesos tenham resisténcia
a leptina. Uma das explica¢cées poderia ser uma@edna sinalizagdo do receptor da
leptina(35).

Pacientes severamente obesos homozigotos paracdoutmo LEPR
apresentaram elevados valores de leptina plasm@&6gaEntretanto, essas mutacdes
sdo raras e podem néo ser responsaveis pela atesag@opulacao geral.

Diferentes polimorfismos dd_.EPR tém sido estudados, porém o mais
importante e que foi associado com a obesidade L§s656Asn(35). Um estudo
realizado em 67 pacientes obesos (IMC >30 kg/m3li@av a influéncia desse
polimorfismo em resposta a modificacdo do estilwvida, o qual era caracterizado por
uma dieta hipocal6rica mediterranea rica em ceiliagggrais, frutas, vegetais e azeite
de oliva (52% de carboidratos, 25% de lipideos% #2 proteinas) associado a pratica
de atividade fisica estruturada (trés vezes poasajrem um periodo de trés meses. Os
resultados demonstraram que pacientes homozigoies quando submetidos a
intervencdo em teste apresentaram maior reducagede, IMC, circunferéncia
abdominal, pressao arterial e de valores de leplmsmaticaquando comparados aos
pacientes portadores do alelo de risco @umadro 1; 37).

Outro ensaio clinico randomizado com 78 pacientbgsos analisou o

polimorfismo Lys656Asn dbEPRem resposta a dois tipos de dietas em um peri@do d
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dois meses: uma dieta pobre em gordura total ediste pobre em carboidrato. A dieta
pobre em gorduras e em carboidratos resultou enuc@ed nas concentragbes
plasmaticas de leptina nos pacientes que nao pmssualelo de risco. Ja nos pacientes
portadores do alelo de risco Lys, a reducao daweside leptina ocorreu apenas com a
dieta pobre em gordura total (Quadro 2; 38).

As evidéncias sugerem que pacientes obesos prrtado polimorfismo do
gene doLEPR em particular com o gendétipo Lys656A, podem sgveeialmente
beneficiados pelo consumo de uma dieta com bairteddo de gordura.

Polimorfismo do gene do receptor da MelanocortM@R):

O gene do receptor da melanocortiMCR) tem pelo menos cinco isoformas,
sendo que duas delas foram descritas como tenddvenento na regulagéo do peso:
MCR3e MCR4(39). O gene dMCR4é altamente expresso no hipotadlamo, local onde
o controle do apetite esta localizado.

Um polimorfismo comum do gene@lCR4 e associado com a obesidade € o
V1031l. Em recente meta-analise foi demonstradoesse polimorfismo influencia o
IMC e gque individuos portadores do alelo de risoovd 031l podem ter aumento do
risco para obesidade de 18 a 3@%).

Em um estudo de interagdo gene-nutriente, o albgwoo de carboidratos foi
positivamente associado com a composi¢céo corperphdientes com obesidade grave
(IMC >40 kg/m?) e portadores do alelo de risco dainporfismo V1031l do gene
MCR4(Quadro 1; 41).

Os polimorfismos do genkICR3 também estdo fortemente associados com a
obesidade, sendo que os polimorfismos mais fregieahcontrado em individuos
obesos sé&o o Thr6Lys e Val8llle. Criangas com dbhdsi e homozigotas para o alelo

de risco de ambos os polimorfismos (Lys e lle, eeBpamente) sGo mais propensas a
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tornarem-se adultos obesos do que criancas hejetazi(42). Interessantemente,
outros autores demonstraram que a presenca dedsasrpsmos em criancas obesas
pode dificultar a capacidade de oxidagédo de aadasos, impedindo assim a reducao
de peso quando essas criancas estao seguindo etagpalia perda de peso (Quadro 1;
43).

S&d0 necessarios outros estudos de nutrigenétieanpelhor esclarecer como a
dieta e seus componentes podem influenciar oosfdids polimorfismos dMCR em
individuos obesos.

Polimorfismo do gene dbat Mass and Obesity Associat@l O):

Recentemente foi descoberto um novo gene assoc@doa obesidade, Bat
Mass and Obesity Associat@@lrO). O gene dd-TO estéa localizado no cromossomo
169 12.2. Associacdes positivas de alguns polisrads do genETO com a obesidade
foram observadas em diferentes grupos étnicosctei® caucasianos (44), japoneses
(45), indianos (46) e chineses (47).

O SNP §ingle Nucleotide Polymorphisjnsnais freqiente dd=TO € o
rs9939609 A/T, sendo a frequiéncia desse polimodfisanpopulacéo européia de 39% e
de 42%. em pacientes com DM tipo 2. Esses dadamfdemonstrados em um estudo
de coorte realizado em 38759 pacientes diabétiéndieduos controles, onde o gene
do FTO foi fortemente associado com a obesidade. Nettd@®sl6% dos adultos que
eram homozigotos para o alelo de risco A pesavanaae trés quilogramas a mais e
tiveram um maior risco para obesidade (RR = 1,&i@Ando comparados com aqueles
que néo tinham a presenca do alelo de (#8p

Em outro estudo de coorte cd&607 individuos foi comprovado que a presenca
do alelo A do polimorfismo rs9939609 A/T &3 O esta positivamente associada com o

IMC e que esta associacao ja é observada em jeveasnantératé a fase adul(@4).
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Em japoneses obesos (IMG0 kg/m?) a associacao de 15 SNP$@® confirmou que

o polimorfismo rs9939609 A/T esta associado conbesimlade e com um maior risco
(RR = 1,38) para seu desenvolvimeb). Também o desenvolvimento da SM foi
associado a presenca do alelo A do rs9939609 AR £RL,23) em diferentes etnias
(49).

Em criangcas britanicas a presenca do alelo d® nmra a obesidade do
polimorfismo rs9939609 A/T foi associada positivateecom a saciedade, sugerindo
um papel doFTO na regulacdo do apeti(®0). De fato, o possivel papel deste
polimorfismo sobre o apetite, em especial estimddaa ingestdo energética total e
consumo de gorduras, foi confirmado em criangaependente do IMC (Quadro 1;
51).

A relacao do polimorfismo do gene B3O com o apetite e sua associagdo com
a obesidade sugerem a presenca de uma importaetacéo gene-nutriente. Nao
existem estudos sobre a interacao gene - nutmierfd O com DM.

Genes cuja interacdo gene-nutriente foi descrita pa condicbes ou fatores
associados a obesidade ou DM

Polimorfismo do gene da Lipase HepatichPC):

A lipase hepética € uma enzima lipolitica que is#tala hidrolise dos
triacilglicerdis e dos fosfolipidios na maioria dgsproteinas plasmaticas e exerce um
papel chave no metabolismo do HDL colestsa).

O polimorfismo mais comum do gene da lipase hepdtilPC) é o -514C>T,
onde a presenca do alelo T estd4 associada a unmiautiéo da atividade da lipase
hepética e um aumento das concentragfes do HDktemdé Entretanto, esse efeito &
variavel entre as populacd@&s). Em populagdo americana com elevado o congleno

gordura total (>30% do valor energético total) aspnca do polimorfismeb14C>T
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reduziu os valores de HDL colesterol (Quadro 2; 3)milar interacdo desse
polimorfismo com o consumo de gordura total e @itglicerdis séricos foi também
demonstradam populacéo asiatica (Quadro 1, 54).

Em pacientes masculinaesm DM tipo 2 e IMC>25 kg/m? foi demonstrada uma
associagao positiva entrensaior consumo de gordura saturada e os valdeesiDL
colesterol em portadores do alelo T quando comparadm homozigotos do alelo C.
Este estudo sugere que as concentracoes de HDdtarolepodem ser moduladas pela
obesidade e o consumo de gordura saturada na gaederpolimorfisme514C>T do
LIPC (Quadro 2; 55).

E possivel também que os efeitos decorrentes dserpra do polimorfismo
514C>T doLIPC sejam modulados pela ingestdo de fibras, além dasiao de
gorduras. Um estudo realizado em mulheres obesapéas avaliou polimorfismos
associados com a obesidade e sua interacdo comsonco diario de fibras totais
(g/dia). Foi demonstrado que um maior consumo lakadi foi protetor (RR= 0,50; IC:
0,3-0,8; P = 0,01) para o efeito do polimorfismda46>T doLIPC no metabolismo
lipidico. Possivelmente as fibras alimentares eecaram efeito que impede redugéo
dos valores do HDL colesterol na presenca do -5T4des IPC (Quadro 2; 56).

A interacdo da gordura e fibras dietéticas com weddPC ainda ndo esta
totalmente esclarecida, em especial o papel relatercada um destes nutrientes. Séo
necessarios ainda estudos de intervengdo que ravalieontribuicdo destes nutrientes
para o risco ou protecdo na presenca do polimoofisoiIPC.

Polimorfismo do gene da AdiponectinfadipoQ

A adiponectina ddipoQ é uma proteina de producdo especifica pelos
adipdcitos.Tem funcéo anti-aterogénica e regula a homeostasbpddeos e da glicose.

Potencializa a acdo da insulina no figado e redproducéo de glicose hepética, além
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de induzir a oxidacdo de gorduras diminuindo aaciiglicerdis em nivel hepético e
muscular (57)A hipoadiponectinemia é causada por interacoesideels genéticos e
ambientais e seus valores encontram-se diminuidosbasidade, no DM tipo 2 e na
SM(58).

O gene dadipoQ esta localizado no cromossomo 3027 e seus polsnw$é
mais comuns sdo: -11391G>A, -11377C>G, 45T>G e 276(59). A associacéo
desses polimorfismos com a obesidade e DM tipod2 per encontrada em diferentes
etnias.

Em franceses caucasianos, os polimorfismos -113G7€>11391G>A foram
associados com a hipoadiponectinemia e risco detipM 2 (60). J& na populacéo
japonesa, o polimorfismo 276G>T foi associado aigéd de adiponectina plasmatica e
0 maior risco para o DM tipo(B1). Ainda, homens caucasianos homozigotos C gara
polimorfismo -11377C>G dadipoQ tiveram uma reducdo d&sisténcia & acdo da
insulina (RI) ap6s o consumo de uma dieta rica enduga monoinsaturada (22% do
valor energético da gordura total) e rica em caltadds (55% do valor energético total)
quando comparado a dieta rica em gordura satugidé @a gordura tota(Quadro 2;
62).

Estudo realizado em individuos obesos hispaniamsawaliar o risco do
desenvolvimento da SM e o efeito de uma dieta hildoica na presenca do
polimorfismo -11391G>A dadipoQ demonstrou que homozigotos G tem um risco
aumentado para a SM. Entretanto, o risco para engel/imento da SM foi reduzido
significativamente quando os homozigotos G seguinama dieta hipocal6rica em um
periodo de oito semanas (Quadro 2; 63).

Polimorfismo do gene do co-ativador 1 alfa do rémemtivado por proliferador de

peroxissomaKRGC-1alfg:
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O co-ativador 1 alfa do receptor ativado por pecdidor de peroxissom&GC-
lalfa) exerce uma importante funcdo na producdo e agéia de energia, como
termogénese, gasto energético, adipogénese, ghgénese hepética e na absorcdo da
glicose(64). O gene dd°GC-lalfaesta localizado na regido cromossdémica 4pl15.1 e
esta associado positivamente com concentracfasdtiaas de insulina e aumento do
IMC. Sendo assim, € um forte gene candidato para RM tipo 2(65). Tem sido
demonstrada uma associagdo com resisténcia a agasutina (Rl) e com obesidade,
em especial, em mulherneara o polimorfismo Gly482Ser (66).

Um estudo recente demonstrou que pacientes obdsmaazigotos para o alelo
Ser apresentam maiores concentracdes plasmatigasuliea e um risco aumentado de
RI quando comparados aos outros genétipos do ggd@ZS5er. Entretanto, quando os
pacientes homozigotos Ser seguiram uma dieta Hipgrz em um periodo de oito
semanas o risco de RI diminui significativamenteid@o 2; 67)E provavel que o
efeito deletério deste polimorfismo genético passaatenuado, pelo menos em curto
prazo, por uma intervencao dietoterapica.

Polimorfismo do gene da Proteina Transportadoracittos Graxos 2RABP2:

A absorcéo de 4cidos graxos (AG) da dieta pela saugdestinal, em especial
de AG de cadeia longa, é carreada pela proteinamdeada “Proteina Transportadora
de Acidos Graxos 2’HABP2.

A troca de uma alanina (A) por uma treonina (T)adalon 54 do gene de
FABP2resulta em um dos polimorfismos mais comuns desse.dndividuos normais
portadores do genoétipo Ala54/Thrsdpresentaram uma reducdo na sensibilidade
periférica & acdo da insulina e maiores valoreaaidos graxos livres séricos quando
consumiram uma dieta rica em acidos graxos satsyadmparado a uma dieta rica em

monoinsaturados ou em carboidra68). Individuos nao diabéticos e homozigotos
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Thr54 tiveram um aumento na resposta poés-prandial atidos graxos séricos no
carbono 14-18, quilomicrons e VLDL quando compasaaos homozigotos Ala54 (69).

Em pacientes com DM tipo 2 a presenca do polimodi Ala54Thr foi
associada com valores elevados de triacilglicefddy. Além disto, apos sobrecarga
lipidica um aumento nos triacilglicerdis plasmagictoi observado em pacientes
homozigotos T quando comparado aos pacientes hgotogi A (Quadro 2; 71).
Também a concentracdo de acidos graxos séricosepdepender deste polimorfismo
em pacientes com DM. Recentemeiaiedemonstrado que apenas em pacientes com
DM tipo 2 homozigotos para o alelo T no polimorfsmla54Thr do gend=ABP2
ocorreu aumento de acidos graxos séricos apoés efgigdo usual padronizada quando
comparados a pacientes com genétipo AA (Quadr@R;Jomo este polimorfismo ja
foi também associado a presenca de nefropatia tdiabé’0) é sugerido que esta
interacdo gene-nutriente favoreca esta complicag@uca em pacientes com DM tipo
2.

Em concluséo, os estudos de interagdo gene-netrpara o polimorfismo do
A54T do FABP2 demonstram um possivel efeito deletério do consdeaordura
saturada na presenca desse polimorfismo, em ekmsuigacientes com DM tipo 2.

Polimorfismo do gene da Apoproteisp0)

As apoliproteinas sdo uma familia complexa de poligas que determinam o
destino metabdlico dos lipideos no plasma e susaca@p pelos tecidos, sendo sua
principal funcao ativar e inibir as enzimas enviéd& no metabolismo das lipoproteinas.
As apoliproteinas sdo divididas em ApoproteinaApaA), Apoproteina B ApoB),

Apoproteina CApoQ e Apoproteina EApoE).
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A ApoAlé uma apoproteina que é sintetizada no figaderespmnde a 80% de
toda a proteina de alta densidade (HDL), e é ewsdepara integridade dessas
particulas. O polimorfismo mais comumApoAlé o G— A na posicao 75.

O Framingham Offspring Studgiemonstrou uma significante interacdo gene-
nutriente com este polimorfismo. Mulheres portadata alelo A com maior consumo
de gordura poli-insaturada (>8% da energia deriv@alagordura total) apresentaram
maiores valores de HDL colesterol. Esse estudoreumpossivel efeito modulador dos
acidos graxos poli-insaturados nos efeitos do pofismo daApoAl(Quadro 2; 8)

A ApoEé uma proteina integrante do HDL colesterol, adagina de densidade
muito baixa (VLDL) e quilomicrons, além dos produtie degradacao lipolitica, como
remanescentes de quilomicrons e lipoproteina dsidbate intermediaria (IDL). A
sintese d@poEocorre principalmente no figado. Ha evidéncias apoEmodifica o
efeito da insulina, bem como alguns fatores deorsardiovascular, incluindo IMC,
niveis de triacilglicerdis e concentracfes de p&sras de LDL colesterol (73). O
polimorfismo do gene dapoE modifica a proteina tanto na sua estrutura quaatsua
funcdo. Um dos polimorfismos que tem sido descgito -219G-T, o qual parece
também ter um relagdo com a resisténcia a acawsdhna (RI) (73). Um ensaio clinico
randomizado do tipo cruzamento de interacdo getreente em individuos portadores
do polimorfismo -219G->T do gene dApoE avaliou trés diferentes tipos de dieta por 4
semanas cada uma: dieta rica em gordura saturé@f®o(ela energia derivada da
gordura total), dieta rica em gordura monoinsatrée?2% da energia derivada da
gordura total) e uma dieta rica em carboidratob¥¢%la energia total diaria). Neste
estudo foi demonstrado que todos os portadoresolilmgrfismo apresentaram menor
sensibilidade a insulina, independentemente da dmtsumida. Entretanto, somente os

portadores do alelo G ao consumirem uma dieteentgordura monoinsaturada e uma
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dieta rica em carboidratos obtiveram uma melh@aensibilidade a a¢do da insulina
(Quadro 2; 74)
Conclusbes

A patogénese dabesidade e do DM tipo 2 resulta da combinacaocatteds
genéticos e ambientais, tendo a dieta um impor{aayel na prevengdo e no controle
dessas patologigd2, 14). Nesse sentido, um melhor entendimentmtgaacéo entre
consumo dietético e 0s possiveis genes candida@i@s gstas patologias, ou para as
condi¢des ou fatores a elas associadas, podec@roma base para determinagéo do
papel da dieta na prevaléncia destas doencas as§h)¢ além de fornecer subsidios
para intervencgdes dietoterdpicas especificas.

Estudos citados nesta revisdo vém demonstrandef@®s de diferentes
nutrientes sobre os polimorfismos genéticos retarios a obesidade ao DM tipo 2 e
condi¢des associadas. Os efeitos da dieta solereliés fendtipos podem ser exercidos
em muitos estagios entre transcricdo da sequéeci@tiga e a producdo de proteinas
funcionais(4). As evidéncias dos estudos de interacdo gemndriente com as doencas
cronicas sao relevantes ndo somente por identificenfluéncia de um determinado
gene sobre um fenotipo em uma populagdo com disemdbitos alimentares que
potencialmente pode afetar esse fenétipo, mas ranpoé avaliar a resposta de uma
intervencao dietética entre individuos com difezergenotipob).

Os principais nutrientes ou intervencdes dietoieadpgque possivelmente tem
implicac&o sobre polimorfismos genéticos associadaisesidade e o DM e seus efeitos
sobre fenotipos sdo as gorduras, carboidratog&sfilh maioria destes estudos destaca
0 consumo de gordura tot@l, 26, 51), gordura saturada e gorduems (23, 24, 27)
como sendo fatores de risco associado a presessasdgolimorfismos. Por outro lado,

o consumo de gordura poli-insatura@), gordura monoinsaturadé2) e do acido
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graxo eicosapentaendico (25) apresentaram efe@néfiobos em varidveis associadas
com o DM tipo 2. Em pacientes obesos, estudos d®ciagdo em distintos
polimorfismos demonstraram que 0 consumo de cardoisl pode ser um fator de risco
(29, 40) e o consumo de fibras totais um fator weegdoem fendtipos associados a
obesidade (56). Da mesma forma, a dieta hipocaldestada em pacientes portadores
dos polimorfismos associados com a obesidade deroonexercer um efeito
significativo em fatores associados a risco, tas@ indice de massa corporal,
circunferéncia abdominal e pressao arterial (18,39, valores plasmaticos de glicose
(33), leptina (37) e insulina (67) plasmaticasreliédm na reducao de peso (34).

O papel preponderante da genémica nutricional &s$m@ obesidade e ao DM
tipo 2 evidenciado nos estudos revisados neste sodatw torna imperativo a
confirmacédo dos aspectos da dieta relacionadagm@do gene- nutriente, indicando a
necessidade de novos estudos, particularmenteoensliicos randomizados que
avaliem a influéncia de diferentes nutrientes nieftas relacionados fresenca de

polimorfismos genéticos.
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GENOMICA NUTRICIONAL

Interacdo gene - nutriente

Nutrigenética (Polimorfismgs

GENE NUTRIENTE

Nutrigendmica (Expressao dos genes)

#utado de Gillieg)

Figura 1. Esquema representativo das interacdes gene - miatriea gendmica

nutricional



Tabela 1. Estudos de interacao gene - nutriente com obeselddetes melito.
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carboidrato (>49% do VET)

GENE POPULACAO FENOTIPO COMPONENTE RESULTADOS
(Polimorfismo) (Delineamento) AVALIADO DIETETICO
ESTUDADO
IL-6 285 individuos japoneses IMC e circunferéncia Consumo energético | Associacdo de um maior consumo energético total e
Asp358Ala (T/GY (transversal) abdominal total obesidade abdominal em portadores do alelo T
IL-6 67 pacientes obesos Perda de peso Dieta hipocalérica | Efeito sinérgico de ambos os polimorfismos na perda
(-174G-C)* caucasianos (10 semanas) de peso depois do seguimento de dieta hipocalérica
e (ensaio clinico randomizado
PPAR- gama2
(Pro12Ala}®
PPAR-gama2 56 individuos caucasianos DM tipo 2 Gordura saturada Portadores do alelo A com maior consumo de gord
(Pro12Alaf® (transversal) Gorduratrans saturada ¢ransforam mais susceptiveis ao
desenvolvimento de DM tipo 2.
PPAR-gama2 522 pacientes obesos DM tipo 2 Reducéo de gordura Portadores do alelo A desenvolveram menos DM
(Pro12Alaf* com tolerancia a glicose saturada melhora a sensibilidade a acdo da insulina apés
diminuida Aumento de fibras totais modificacao de dieta e aumento da atividade fisica.
(ensaio clinico randomizado Aumento da atividade
fisica
PPAR-gama2 2141 individuos caucasianos IMC Gordura total Maior risco para obesidade (R&40) em
(Pro12Alaf® (caso-controle) homozigotos do alelo Pro com maior consumo d
gordura (>41,4% do VET).
PPAR-gama2 216 individuos hispanicos IMC Gordura Saturada Portadores de alelo A com alto consumo de gordd
(Pro12Alaf’ (transversal) Gordura Monoinsaturada poli-insaturada e maior razdo P: S foram associad
Gordura Poli-insaturadg com o IMC.
Raz&do P: S
ADRB2 159 individuos caucasianos| Obesidade Carboidrato Maior risco para obesidB&e=2,56) em mulheres
(GIn27Gluy? (transversal) portadoras do alelo Glu e com maior consumo d
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UCP3
(-55C/T)*®
e
ADRB3
(64T/A)*

UCP3

224 pacientes com sobrepeso elMC, distribuicdo de gordura

obesidade portadores de SM
doenca cardiovascular
(ensaio clinico randomizado

e corporal, glicose plasmatica,
insulina, acidos graxos livres
peptideo C.

Dieta hipocaldrica
(12 semanas)

A dieta hipocaldrica demonstrou efeito no control

glicémico e na distribuicao de gordura corporal
somente em pacientes homozigotos dos alelos C

1%

1%

e T.

(-55C/T)*
(Int2-143G/C§*
(Tyr99Tyr)*
(Int3-47GIA}*
(Int4-498C/T§*

214 mulheres coreanas com
sobrepeso
(ensaio clinico randomizado

Reducéo de peso

Dieta hipocalorica
(1 més)

Portadores de haplotipos da UCP3 [CGTACC] tiveram

maior reducéo de peso apos o consumo da dieta

hipocaldrica.

macronutrientes e de

gorduras

consumo de gordura total e VET.

do
I

em

€S0

(Tyr210Tyr)*
LEPR 67 pacientes obesos IMC, peso, circunferéncia | Modificagcdo no estilo dg Homizogotos do alelo Lys apresentaram reducao
(Lys656Asnj’ (ensaio clinico randomizado) abdominal, presséo arterial e vida: IMC, peso, circunferéncia abdominal, pressao aite
niveis de leptina plasmatica Dieta hipocaldrica sistdlica e niveis de leptina apdés modificacdostiboe
associado a atividade de vida
fisica
(3 meses)
MCR4 1029 pacientes com obesidade IMC Consumo de Alto consumo de carboidrato associado com o IMC
(V10311y*° severa macronutrientes portadores do alelo de risco (V1031).
(transversal)
MCR3 184 criangas obesas IMC Dieta para redugéo de Criangas portadoras de ambos os polimorfismog
(C17A® (transversal) peso apresentaram uma maior dificuldade na perda de p
e
(G241A)°
FTO 8480 criancas Saciedade Consumo de Criancas portadoras do alelo A apresentaram umrmaio
(rs9939609 A/TY (transversal)

DM = Diabetes Melito; IMC = indice de Massa Corgp¥ET = Valor Energético Total; RR = Risco Relativ: S = raz&o de consumo de gordura poli-insdduisaturada
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Tabela 2.Estudos de interacdo gene - nutriente com condmdéstores associados ao DM e obesidade.

GENE
(Polimorfismo)

POPULACAO
(Delineamento)

FENOTIPO
AVALIADO

COMPONENTE
DIETETICO
ESTUDADO

RESULTADOS

PPAR-gama2
(Pro12Alaf®

571 individuos nédo diabético
(transversal)

5

RI, insulina e glicose
plasmatica

Acidos graxos dietéticos

provenientes da carne de peix

Mulheres portadoras do alelo A com alto

glicose plasmatica.

LEPR
(Lys656Asnj®

78 pacientes obesos
(ensaio clinico randomizado

Niveis de leptina plasmatica

Dieta pobre em gortiois
VS.
Dieta pobre em carboidrato
(2 meses)

Homozigotos Lys que seguiram a dieta pobfe
em gordura apresentaram menores
concentracdes de leptina plasmatica.

LIPC
(-514G-T)’

2130 individuos caucasiano
(coorte)

D

HDL- colesterol

Gordura total

Portadores do alelooin consumo de gordur
>30% apresentaram menores valores de HDL
colesterol.

D

LIPC
(-514G-T)*

2170 individuos asiaticos
(coorte)

Triacilglicerdis plasmaticos

Gordura total

Homozampdo alelo T com consumo de
gordura total >30% apresentaram maiores
valores de triacilgliceréis plasmaticos.

LIPC
(-514C-T)*

780 homens com DM tipo 2
(coorte)

HDL- colesterol

Gordura saturada

Concentrac6ese ¢blesterol em portadorg
do alelo T com IMC 85 Kg/nf foram

associadas positivamente com o consumo
gordura saturada e obesidade.

%)

e

LIPC 549 mulheres européias obesas HDL- colesterol Fibras totais Consumo de fibragtfeito protetor
(-514G-T)%* (coorte) (RR = 0,50) na reducéo de HDL colesterol
associada ao polimorfismo -514€
AdipoQ 59 individuos caucasianos RI Dieta rica em gordura saturada Homens homozigotos C apés o consumo da

(-11377C/GY

(ensaio clinico randomizado
cruzado)

VS.
Dieta rica em gordura
monoinsaturada
VS.
Dieta rica em carboidrato

rica em carboidrato apresentaram reducéo|a
acdo da RI quando comparado ao consumo|da
dieta rica em gordura saturada.

(4 semanas)

econsumo de EPA (carne de peixe) apresentaram
menor RI e menores concentracdes de insulipa e

dieta rica em gordura monoinsaturada e da dieta
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AdipoQ
(-11391G/AJ?

180 individuos obesos
hispanicos
(ensaio clinico randomizado

SM

Dieta hipocaldrica
(8 semanas)

Homozigotos do alelo G apresentaram redug¢éo

do risco de desenvolvimento de SM, apés
seguimento de uma dieta hipocaldrica.

O

PGC-1lalfa
(Gly482Sery’

180 individuos obesos
hispanicos
(ensaio clinico randomizado

Insulina plasmatica

Dieta hipocaldrica
(8 semanas)

Homozigotos do alelo Ser apresentaram me
risco de Rl apds o consumo da dieta
hipocaldrica.

nor

FABP2
(A54T)™*

15 pacientes com DM tipo 2
(experimento randomizado
controlado)

Triacilglicerois plasmaticos

Dieta teste
rica em gordura saturada

Homizogotos do alelo T apresentaram um
aumento nos triacilglicerdis plasmaticos ap6

5a

dieta teste quando comparados aos homozigotos

A.

FABP2
(A54T)"

26 pacientes com DM tipo 2
(experimento randomizado
controlado)

Acidos graxos séricos

Acidos graxos dietéticos

provenientes de uma refeicad

teste rica em gordura saturad

A

Homozigotos do alelo T apresentaram um

aumento da absorcao de acidos graxos saturados

apo6s o consumo da refeicao teste quandd
comparados aos outros genotipos do A54T.

ApoAl
(G-A)°

755 homens caucasianos
822 mulheres caucasianas
(coorte)

HDL-colesterol

Gordura poli-insaturada

Mulherestadoras do alelo A com maior

consumo de gordura do tipo poli-insaturada
(>8% VET) apresentaram maiores valores de

HDL colesterol

ApoE
(-219 G- T)"*

43 individuos caucasianos
(ensaio clinico randomizadg
cruzado

Sensibilidade a insulina

Dieta com 20% gordura
saturada
VS.
Dieta com 22% gordura
monoinsaturada
VS.
Dieta rica com 55% carboidrat

o]

Portadores do alelo G quando consumiram djeta

rica em gordura monoinsaturada e dieta rica
carboidratos tiveram melhora significativa n
sensibilidade a insulina.

em
Al

RI = Resisténcia a acdo da insulina; EPAidaagraxo eicosapentaendico; SM = Sindrome MetzdoOVET = Valor energético total.
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Abstract

The FTO rs9939609 (A/T) single- nucleotide polymorphismNE have been
associated with satiety and food intake in childeemd adolescents. We aimed to
evaluate possible associations between rs993960D) (@olymorphism and dietary
intake in 236 adult patients with type 2 diabeteslias (DM) (126 women/ 110 men),
receiving no previous dietary counseling. Aftemidal and laboratory examinations,
dietary intake was evaluated by 3-day weighed-déebrds, whose reliability was
confirmed by 24-h urinary nitrogen output. The aceuoce of the A allele of the FTO
gene was associated with higher total fat [% oé&lt@nergy (E); OR = 1.10] and
saturated fatty acid [SFA (% of total E) intakesR(& 1.15]. This association was
especially strong in women carrying the A alleléA(&r AT genotypes), both for total
fat (OR = 1.16) and SFA intakes (OR = 1.25). Asdat intake >34% median of total E
was more frequent on A allele carriers (OR = 2.@8) this association was only
evidenced in women (OR = 5.24). In conclusion, atignts with type 2 DM and
particularly in women carrying the A allele of tR&0O rs9939609 polymorphism was

positively associated with a high fat intake.

Keywords:Diet;, FTO gene; type 2 DM; fat intake.
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Introduction

The discovery that common variants in tRFO (fat mass and obesity
associated) gene are consistently associated wgttehbody weight (Frayling et al.,
2007; Dina et al., 2007; Hunt et al., 2008), hasdd the attention to the gene’s
functional effects. One common single nucleotidéymorphism (SNP) of thd=TO
gene is the rs9939609 (A/T), which is associatetl amn increased risk for obesity and
type 2 diabetes mellitus (DM) (Frayling et al., ZD0

The FTO rs9939609 SNP has been linked with obesity throumglependent
studies in different ethnic groups, such as Caacaéscuteri et al., 2007), Chinese
(Chang et al., 2008) and Japanese populations (etogd., 2008). Furthermore, this
SNP was associated with an increased risk for métabyndrome (MetS) in a multi-
ethnic sample, confirming that the interaction dobk extended to other populations
(Al-Attar et al., 2008). This observation is pauigrly important in type 2 DM patients,
because obesity and MetS are frequently preserdsedver, a higher number of MetS
components in these patients is associated witlgleehfrequency of coronary artery
disease and microvascular chronic diabetic comjpdica (Costa et al., 2003). The
frequency of the rs9939609 polymorphism in EAEO gene in type 2 DM patienis
approximately 42% (Frayling et al., 2007; Hertehkt 2008).

The role of FTO is largely unknown, but this gene is expressedkaletal
muscle, adipose tissue, and in brain areas of yhethalamus associated with feeding,
suggesting it may act through effects on appetiteatiety (Stratigopoulos et al., 2008).
In fact, a recent report from a sample of adultmtbdifferences in energy intake, but
no differences in energy expenditure, suggestiag tihe FTO genotypes affects body
weight via effects on food intake rather than epeggpenditure (Speakmann et al.,

2008). Moreover, studies in children demonstrate@ssociation between genotypes at
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rs9939609 (A/T) and appetite (evaluated by a staliwklzd questionnaire). Children
with two higher risk FTO alleles (AA) scored significantly lower on the isat
responsiveness scabnd the association was independent of body mdsx iflBMI) in
such subjects (Wardle et al., 2008). On the otlaedh children carrying the T allele
have shown a protection against overeating by ptoiguaesponsiveness to internal
signals of satiety (Wardle et al., 2008). Interagly, children carriers of the A allele of
the FTO gene appeared to consume more fat and total etleagythose not carrying
such variants (Timpson et al., 2008).

Considering that thETO may exert an effect on obesity through an altenadio
appetite and possiblgn dietary choice, and that there are no studiasabsessed the
macronutrients consumption depending on genotypsedTO gene in adults subjects
with type 2 DM, we evaluated possible associatiogisveen the SNP rs9939609 (A/T)
polymorphism of thé&TO gene and dietary intake in patients with type 2.DM
Materials and methods
Patients

This cross-sectional study was conducted in patiesith type 2 DM defined as
subjects over 30 years of age at onset of DM, mwipus episode of ketoacidosis or
documented ketonuria, and treatment with insuliy cfter 5 years of diagnosis.
Patients consecutively attending the outpatiemiclof the Endocrine Division at
Hospital de Clinicas de Porto Alegre (Porto Aled@eazil) were selected based on the
following criteria: no dietary counseling by a retgired dietitian during the previous 6
months, creatiningl.5 mg/dL and/or urinary albumin excretion (UAE)0€2ug/min,
normal liver and thyroid function tests, and abgeat urinary tract infection or other

renal disease and cardiac failure.
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Medications in use were maintained during the stuslypod pressure was
measured twice to the nearest 2 mmHg, after a l#mirest, using a standard mercury
sphygmomanometer (phases | / V Korotkoff). Hypesten was defined as blood
pressure> 140/90 mmHg or the use of antihypertensive drddge presence of MetS
was established according to the National Cholekt&ducation Program Adult
Treatment Panel Ill (NCEP ATP lll) criteria (Grunay al., 2004). The frequency of
exercise, according to activities during a typidal, was classified into four levels: 1-
none, 2-low, 3-moderate and 4-high, based on atignesire (Tuomilehto et al., 2001)
adapted to local habits. Current alcohol intake wategorized as present or absent.
Patients were classified as whites or non-whitésckbor mixed) according to their own
self-report. Smoking habit was considered in thesence of current smokers. Level of
education was evaluated by years of formal stullye Ethics Committee approved the
protocol and patients gave their written informedsent to participate.

Dietary Assessment

The patient’s usual diet was assessed by means3-afay weighed-diet record
technique (two non-consecutive weekdays and oné&eneeday). Patients were issued
commercial scales (1-125 g; H.R. Deutschendorf & Cida, Brazil) and measuring
cups (25-250 mL; Marinex, Brazil) and a detailegllaration and demonstration was
given to each subject by the dietitian. Patientsie out a one-day training period on
the weighed-diet record technique before startimg protocol. Compliance with the
weight-record technique, besides an interview witle dietitian was assessed by
comparison of protein intake estimated from the mesue of the 3-day weighed-diet
records and from the 24-h urinary nitrogen outpet;formed on the third day of the

weighed-diet record period (Moulin et,al998).
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Dietary records were analyzed using the Nutriba@@72Clinical Nutritional
Manager software v.7.14 (Cybersoft Phoenix, AZ)teDimtakes from nutrients were
expressed in percent of total energy (% of totalgijay and, mg/day. Nutrient data on
frequently consumed foods were updated if necessaaly/or complemented with data
obtained from local manufacturers of specific irntdatzed foods (USDA, 1998).
Anthropometric Measurements

The body weight and height of patients (withouteshand coats) were obtained
using a calibrated an anthropometric scale, witlasueements recorded to the nearest
100 g for weight and to the nearest 0.1 cm for litelBody mass index (BMI; kg/m?)
was calculated as weight (kilograms) divided by asquheight (meters). Waist
circumference was measured midway between the tawesmargin and the iliac crest,
near the umbilicus. Flexible, non-stretch fibergltepe was used for measurements.
Laboratory Measurements

Blood samples were obtained after a 12-h fast. nidagllucose level was
determined by a glucose oxidase method and thetest by an ion-exchange high-
performance liquid chromatography procedure (Meidiachi L-9100 glycated
hemoglobin analyzer, reference range 4.7 - 6.0%tckldarmstadt, Germany). Serum
total cholesterol and triglycerides were measurgceiizymatic-colorimetric methods,
respectively (Merck Diagnostica, Darmstadt, Germa@ugeringher Mannheim, Buenos
Aires, Argentina). HDL cholesterol was assessedhbynogeneous direct method
(autoanalyzer, ADVIA 1650), and LDL cholesterol wadculated using the Friedewald
formula.

Genotyping of the FTO polymorphism
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Detection of theFTO SNP rs9939609 was carried out using a validated
genotyping assay (Assay ID C_30090620 10; Appliems¥stems, Foster City, CA).
SNP genotyping was performed using an allelic disoation assay (TagM&nSNP
Genotyping Assays, Applied Biosystems, CA, USAnhgsihe ABI PRISM 7000 Real-
Time PCR System and genotypes were read using atgdnsoftware (SDS 1.1,
Applied Biosystems, CA, USA). Reactions were run li@uL volumes using an
amplification protocol of 95°C for 10 minutes, foNed by 40 cycles of 95°C for 15
seconds, then 60°C for 1.5 minutes.

Statistical Analysis

Variables were analyzed by ANOVA, Studerit¥®st, andg? tests. The Kruskal-
Wallis and the Mann-WhitneyY- tests were applied to compare non-parametricsa dat
between groups. A? test was also used to evaluate the Hardy-Weinbgugibrium to
analyze the frequency distribution of the genotydé® mean daily intake of nutrients
obtained from 3-day weighed records was used instalflistical analyses. Multiple
logistic regression analysis was used to calcutae odds ratio (OR) and their
respective 95%Cls for the presence of the two higisk FTO alleles (AA). For
analysis in the whole-group, the models were adgu$br gender, total energy intake,
BMI, and LDL cholesterol. When women and men weepasately analyzed, the
models were adjusted for total energy intake, Bl LDL-cholesterol. Results were
expressed as means (SD) or median (P25-AF%plues <0.05 were considered as
statistically significant. Statistical analysis wpsrformed using SPSS 15.0 software
(SPSS, Chicago, IL).

Results
The sample was categorized by gender (126 womentidi®). The clinical

characteristics according to the rs9939609 (A/Tlymorphism in theFTO gene are
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described in Table 1. No deviation from the Hardgiberg equilibrium was observed
(¢ = 1.12; P = 0.642) concerning for genotype distiin. The allele frequencies in
women were (AA = 13.5%, AT = 42.1%, TT = 44%), andnen (AA = 15.5%, AT =
43.6%, TT = 40.9%). In homozygotes A men, the gdenee of hypertension was 100%
and was statistically significant as compared todther genotypes (P = 0.050). In both
genders, no significant differences in age, dumatiof DM, anthropometric
measurements (BMI, weight, and waist circumferenpedsence MetS, and coronary
artery disease were observed among the three gesotlyurthermore, the proportion of
white ethnicity, current smoking, alcohol intakesvél of physical activity and
education, also did not differ among genotypes.

The biochemical characteristics according with théelic distribution are
reported in the Table 2. Women and men carrying #eallele had higher
concentrations of fasting plasma glucose ang; tast but these differences were not
statistically different between the genotypes. Reigg, serum total cholesterol, HDL-
cholesterol and triglycerides, no differences weleserved among patients with
different genotypes. However, in the recessive rfgEtients with the homozygous
genotype of risk (AA) vs. patients with other gepes (TT + AT)], higher LDL
cholesterol levels were evidenced, both in wometD[4 (35.5) vs. 122.1 (34.2) and
125.7 (37.9); P = 0.081] and men [127.9 (34.3)109.3 (39.6) and 126.2 (35.4); P =
0.074] than in the codominant model (AA vs. TT A3).

Nutrient intakes according to th€l'O genotypes are described in Table 3. The
codominant model (AA vs. AT vs. TT), demonstratatfedences in the total daily
energy intake [1952.1 (452.2) vs. 2118.7 (451.9)2267.1 (496.7) Kcal/d; P = 0.047]
only for men. No differences were observed in thiake of the carbohydrates and

proteins in women and men. Interestingly, in theessive model (AA vs. TT + AT)
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women with the AA genotype presented a higher mtalkotal fat [34.4 (5.3) vs. 32.2
(7.5) and 32.6 (6.2) % of total energy; P = 0.0&&) saturated fatty acids (SFA) [11.0
(3.1) vs. 9.3 (2.9) and 9.3 (2.3) % of total enef@y= 0.022] respectively, and a lower
total fiber intake [12.4 (4.4) vs. 15.1 (6.3) ar@l7L(5.6) g/day; P = 0.024] as compared
to other genotypes. Total fat, SFA, and total fiseakesdid not differ in men with
different genotypes. In addition, when the foodrses of fat and SFA were analyzed
no differences were observed between genotypeotim tmen and women (data not
shown).

The validity of the weight-record technique was faomed by comparing daily
protein intake estimated from the mean value of3tlaay weighed-diet records with the
24-h urinary nitrogen output [1.17 (0.30) vs. 1(@B5) g/kg weight; P = 0.873].

The associations of carriers of the A all®d\ and AT genotypesyith total fat
and SFA intakes were analyzed (Table 4). In thelevooup, it was observed an
association of polymorphism of tf& O gene and fat intake (OR = 1.10; 95%CI 1.05-
1.15; P = 0.031) and SFA intake (OR = 1.15; 95%@P11.32; P = 0.050). When
women and men were separately analyzed, only fonevocarriers of the A allele the
association with fat intake (OR = 1.16; 95%CI 11088; P = 0.002) and SFA intake
(OR =1.25; 95%CI 1.02-1.48; P = 0.027) remaingdificant.

In the total group of studied patients, the mediaiie of daily intakes of fat was
34% of total energy (E). Figure 1 shows the asdmei between carriers of the A allele
at SNP rs9939609 in theTO gene with fat consumption >34% of total E. In the
whole-group, it was observed a positive associatibthe A allele with a higher fat
consumption (OR = 2.63; 95%CI 1.18-5.85; P = 0.0E)justed for gender, total
energy intake, BMI, and LDL-cholesterol, and thissaciation is even stronger in

women (OR = 5.24; 95%ClI 1.12-11.90; P = 0.030)usigyd for total energy intake,
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BMI, and LDL-cholesterol. In men carriers of A deno significant association with
fat intake was observed.
Discussion

In the present study, we observed associations degivtheFTO rs9939609
(A/T) polymorphism and high fat intake, especialywomen carrying the of A allele.
Indeed, it was demonstrated a positive associd@ivween the presence of risk allele of
the FTO gene with total fat (OR = 1.10) and SFA intakeR(® 1.15), but this
relationship was significant only for women. Accioigly, a higher fat intake (> 34% of
total E) was positively associated with carryingtloé A allele in whole-group (OR =
2.64) and, as expected this association was stromgevomen (OR = 5.24). A
consideration concerning this finding is that tleader can be an important factor in the
FTO variants in patients with type 2 DM, as previousgserved in children (Jacobsoon
et al., 2008).

The observed frequency of the minor allele (#gs similar toother studies in
Caucasian population (Frayling et al.,, 2007; Heetlal., 2008). Surprisingly, in
patients with type 2 DM, we did not find an assboia of rs9939609 with obesity
phenotypes. This lack of association probably aetlbecause MetS was present in
most studied patients. In the other hand, no agBons between metabolic traits such
glucose, triglycerides and HDL-cholesterol &AtiO variants, as demonstrated in non
diabetics adults (Freathy et al., 2008), childieamg adolescents were found (Jacobsson
et al., 2008).

The impact of dietary factors on the phenotype lbarexerted at many stages
such as transcription of the genetic sequence aoduption of a functional protein
(Hesketh et al., 1998). The mechanism (or mecha)ighFTO gene effectsemains

still uncertain, but some studies have suggestedn#&ral role forFTO through food
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intake regulation (Stratigopoulos et al., 2008) amkeripheral role through an effect on
lipolytic activity in adipose tissue (Wahlen et, &007). The influence &¥TO on body
composition and on the risk of obesity and overWeltas been reported in childhood
and persist into adolescence (Frayling et al., 2@xuteri et al., 2007)Additionally,
the few studies that examined the relationship betwappetite (Wardle et al., 2008;
Wardle et al., 2008) and dietary intakes (Timpsbal.ge 2008), with thé&TO gene were
performed in children or adolescents. In this ceihitean understanding of the
interactions between macronutrient intake or dietammponents in adulthood and the
genotype is important to provide a basis for deteimg the role of dietary intake and
habits in the prevalence and pathogenesis of impbdonditions such as type 2 DM
and obesity (Afman et al., 2006; Marti et al., 200&rti et al., 2008).

A possible flaw of this study could be relatedltetary data records, since most
observational studies are limited due to the latkaacuracy for quantitative data.
However, in the present study the accuracy of ¢tended dietary data was confirmed
by a significant correlation between protein intaseevaluated by weighed-diet record
and 24-h urinary nitrogen output as previously desti@atedn patients with type 2 DM
(Moulin et al., 1998).

In conclusion, for the first time, the associatadietary intake in genotypes of
FTO in adult patients with type 2 DM was evaluated. Wand in type 2 diabetic
subjects, particularly in women, a relationship cafrrying of thers9939609 (A/T)
polymorphism in thé=TO gene and a highest fat consumption that suggegstssble
interaction between of tHeETO gene and fat intake. However, further trials azeded
to confirm these results, which are in agreemetit data from children and adolescents

and suggest a long-term impact of this polymorphisnfood intake.
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Table 1

Clinical characteristics in 236 patients with typBM according to thé&TO genotypes

FTO gene rs9939609 (A/T) genotypes

Codominant Recessive
T AT AA mogel* mogel**
Genotypes FTO (%)
Women (n = 126) 56 (44%) 53 (42.1%) 17 (13.5%) - -
Men (n = 110) 45 (40.9%) 48 (43.6%) 17 (15.5%) - -
Age (years)
Women 57.8 (10.3) 60.7 (12.3) 58.3 (13.8) 0.44 0.752
Men 59.0 (8.9) 63.1 (7.6) 59.9 (8.7) 0.250 60Q.
Ethnicity (white)
Women 50 (89.3%) 44 (83%) 14 (82.4%) 0.590 70.6
Men 42 (93.3%) 41 (85.4%) 13 (76.5%) 0.181 6.14
Duration of DM (years)
Women 14.5 (9.1) 12.8 (8.8) 12.6 (7.0) 0.534 .630
Men 10.6 (6.7) 12.6 (8.1) 12.4 (7.3) 0.428 6.70
Metabolic Syndrome NCEP ATP Il (%)
Women 43 (76.8%) 45 (84.9%) 14 (82.4%) 0.552 870
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Men 32 (71.1%) 29 (69.4%)

Coronary artery disease (%)

Women
Men
Hypertension (%)

5 (8.9%)
8 (17.8%)

6 (11.3%)
9 (19.1%)

Women 50 (89.3%) 43 (81.1%)

Men 38 (84.4%) 38 (79.2%)
BMI (kg/m?2)

Women 28.7 (3.8) 28.8 (4.6)

Men 28.3 (4.1) 28.1 (3.9)

BMI >30kg/m? (%)

Women 21 (37.5%) 23 (43.4%)

Men 15 (33.3%) 12 (25%)
Weight (kg)

Women 70.8 (11.0) 70.1 (11.4)

Men 81.2 (14.1) 79.9 (12.8)
Waist circumference (cm)

Women 98.4 (9.8) 98.8 (10.5)

Men 101.9 (10.6) 100.1 (9.6)

10 (58.8%)

1 (5.9%)
3 (17.6%)

13 (76.5%)
17 (100%)

29.5 (4.9)
28.8 (4.7)

8 (47.1%)
6 (35.3%)

73.2 (13.7)
85.9 (15.8)

98.9 (14.0)
102.0 (10.8)

0.485

0.785
0.982

0.330
0.124

0.704
0.827

0.718
0.637

0.628
0.310

0.978
0.633

0.592

0.582
0.935

358.
0.050

.538
0.566

0P.6
0.624

0.360
.140

0.900
0.709
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Diabetes treatment (D/OA/I or 1+ OA %)

Women 3.6/55.1/41.1  3.8/60.4/40.9 5.9/52.9/41.1  0.847 0.608
Men 4.4/62.2/33.4 8.3/58.3/33.4 5.9/70.6/23.5 638. 0.303
Current smoking (%)
Women 4 (7.1%) 9 (17%) 2 (11.8%) 0.625 0.962
Men 5 (11.1%) 5 (10.8%) 2 (11.8%) 0.931 0.673
Current alcohol intake (%)
Women 12 (21.4%) 17 (32.1%) 2 (11.8%) 0.430 0D.4
Men 19 (42.2%) 23 (47.9%) 10 (58.8%) 0.575 P.35
Educatiorn< 8 years (%)
Women 7 (12.7%) 15 (28.3%) 1 (5.9%) 0.225 0.692
Men 11 (38.6%) 5 (10.4%) 4 (25%) 0.430 0.505
Frequency of exercise: level 1 (%)
Women 40 (71.4%) 31 (58.5%) 10 (58.8%) 0.540 876.
Men 22 (48.9%) 20 (41.7%) 10 (58.8%) 0.430 0.52

DM, Diabetes Mellitus; NCEP ATP lll, National Chsterol Education Program Adult Treatment PanelBNI, Body mass index.

D, diet only; OA, oral antibitic agents; I, insulin. Data are mg&@D) or number of patients with analyzed charasties (%6).

*Codominant model (TT vs. A3. AA) P-Values using ANOVA; *Recessive modelAAis. TT + AT) P-Values using the Student’s t test.



Table 2

Biochemical characteristics in 236 patients withety2 DM according to theTO genotypes

FTO gene rs9939609 (A/T) genotypes

Codominant Recessive

model* model**
TT AT AA P P
Fasting plasma glucose (mg/dL)
Women 135.4 (32.9) 138.7 (35.7) 155.9 (57.8) 0.103 0.329
Men 128.3 (52.1) 142.3 (51.9) 1545 (62.1) 0.242 0.183
Ajctest (%)
Women 6.9 (5.2-13.0) 7.4 (5.6-12.8) 8.1 (5.5-11.8) 0.719 0.874
Men 6.4 (4.1-11.9) 6.7 (5.4-10.2) 6.9 (5.5-12.1) 0.549 0.492
Total cholesterol (mg/dL)
Women 206.6 (38.8) 209.2 (46.3) 216.2 (35.6) 719. 0.449
Men 201.3 (39.3) 206.6 (35.5) 189.9 (43.7) 80.32 0.176
HDL cholesterol (mg/dL)
Women 53.7 (10.6) 53.9 (14.2) 50.0 (9.6) 0.486 0.230
Men 46.2 (9.1) 48.2 (10.8) 49.6 (17.0) 0.546 440.

LDL cholesterol (mg/dL)
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Women 122.1 (34.2) 125.7 (37.9) 140.4 (35.5)  19D. 0.081
Men 109.3 (39.6) 126.2 (35.4) 127.9 (34.3) 0.200 0.074

Triglycerides (mg/dL)
Women 121 (49-386) 146 (40-455) 129 (80-293) 978. 0.846
Men 134 (57-359) 127 (40-398) 139 (40-421) 0.63  0.885

HDL, high- density lipoprotein; LDL, low-densitydoprotein. Data are me&8D) or median (P25-P75).
*Codominambdel (TT vs. AT vs. AA) P-Values using ANOVA;**Ressive model (AA vs. TT + AT) P- Values using

the Student’s ti&on- parametric variables: the P-Values is ol@diusing the Kruskal-Wallis or the Mann-Whitneyddt.
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Table 3

Daily intake of nutrients286 patients with type 2 DM according to fieO genotypes

FTO gene rs9939609 (A/T) genotypes
Codominant Recessive

model* model**

TT AT AA P P

Total energy intake (kcal)

Women 1670.2 (441.3) 1561.3 (439.1) 1672.8 33  0.629 0.335

Men 1952.1 (452.2) 2118.7 (451.9)  2257.1 (4p6.7 0.047 0.075
Carbohydrate (% of total E)

Women 49.0 (9.2) 48.7 (6.2) 47.3 (8.1) 0.388  268.

Men 46.3 (9.1) 48.0 (9.7) 48.1 (5.5) 0.172 0.688
Protein (% of total E)

Women 18.1 (3.8) 19.1 (3.4) 18.2 (2.5) 0.327  850.

Men 20.3 (4.7) 19.3 (3.6) 19.1 (4.0) 0.425 0.538
Fat (% of total E)

Women 32.6 (7.5) 32.2 (6.2) 34.4 (5.3) 0.018 008.

Men 33.4 (6.5) 32.6 (5.7) 32.6 (11.8) 0.823 0.739

Saturated fatty acid (% of total E)
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Women
Men

Monounsaturated fatty acid (% of total E)
Women
Men

Polyunsaturated fatty acid (% of total E)
Women
Men

Trans fatty acid (% of total E)
Women
Men

P/S fatty acid ratio
Women
Men

Cholesterol (mg)
Women
Men

Total fiber (g)

Women

9.3 (2.9)
9.7 (2.1)

11.4 (2.8)
11.3 (2.3)

9.8 (2.7)
9.7 (3.4)

1.1 (0.7)
1.6 (0.6)

1.3 (0.4)
0.9 (0.3)

174.6 (74.8)
234.6 (105.5)

15.1 (6.3)

9.3 (2.3)
9.7 (2.0)

11.3 (2.5)
11.2 (2.6)

9.1 (3.2)
8.6 (2.9)

1.3(0.7)
1.3 (0.6)

1.0 (0.4)
0.9 (0.4)

200.3 (100.1)
258.4 (129.1)

16.7 (5.6)

11.0 (3.1)
9.8 (3.6)

12.6 (2.1)
12.6 (4.2)

10.5 (3.8)
9.7 (3.2)

1.2 (0.5)
1.2 (0.6)

1.1 (0.6)
1.1 (0.6)

0.073
0.980

0.233
0.220

0.186
0.373

0.664
0.485

0.705
0.405

201.7 (107.4) 0.319

235.6 (111.4)

12.4 (4.4)

.58P

0.024

P.02
0.853

080.
0.084

30.1
0.578

0.867
0.815

0.808
0.245

0.560
0.716

028.
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Men 17.8 (7.8) 20.4 (7.0) 19.7 (8.2) 0.266 0.785

Data are expressed as mean (SD); E: energy; PhriRaturated/SaturatesCodominant model (TT vs. AT vs. AA) P- values
using ANOVA,; **Recessive modelAAs. TT + AT) P-values using the Student’s t test.
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Table 4
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Association (OR)* between carriers of A allele e FTO gene and fat and, saturated

fatty acid intakes

Odds Ratio 95% CI P

Whole-group

Fat (% of total E) 1.10 1.05-1.15 0.031

Saturated fatty acid (% of total E) 1.15 11032 0.050
Womeri

Fat (% of total E) 1.16 1.05-1.28 0.002

Saturated fatty acid (% of total E) 1.25 11028 0.027
Men?

Fat (% of total E) 1.03 0.96-1.11 0.391

Saturated fatty acid (% of total E) 0.98 017Z4 0.893

OR, Odds Ratio; E, energy.

*Multiple logistic regression analysis was used d@oamine independent variables

associated with carriers of the A allele.

tRegression models were adjusted for gender, tatalgy intake, BMI, and LDL-

cholesterol.

tRegression models were adjusted for total energke, BMI, and LDL-cholesterol.
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Figure 1

Association of the presence of the A allele in 1€ gene with total fat consumption

>34% of total energy

= : ; : -

Whole-group Men Women

In whole-group, the regression models were adjustedender, total energy intake,
BMI, and LDL-cholesterol.

For men and women separately analyzed, the modeds adjusted for total energy

intake, BMI, and LDL-cholesterol.

*P <0.05
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Capitulo IlI

ASSOCIATION OF FTO rs7204609 POLYMORPHISM WITH METABOLIC
SYNDROME AND MICROALBUMINURIA IN BRAZILIAN PATIENTS  WITH

TYPE 2 DIABETES
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Abstract

Objective- Variations in the fat mass and obesity-associatetlO] gene has been
related with obesity and diabetes phenotypes. Timpgse of this study was to
investigate the possible association of rs7204&09)(single-nucleotide polymorphism
(SNP) of theFTO gene with adiposity markers, metabolic syndromeet®), and
chronic diabetic complications in patients witheyp diabetes.

Research design and methodsThis cross-sectional study genotyped tR&éO
rs7204609 SNP in 236 Brazilian outpatients withety? diabetes (46.6% males, aged
60.0 £ 10.3 years, diabetes duration 12.7 = 8.Zsyedatients underwent 3-day
weighed-diet records and clinical and laboratorgleation.

Results Patients with allele C (CT and CC genotypes) haate frequently MetS
(International Diabetes Federation criteria; 94.886 76.6%, P = 0.017) than patients
with TT genotype. Total daily energy and nutriemtake were not different between
patients with and without the C allele. In mukipbgistic regression models C carriers
had an increased risk for the presence of MetS fOR46; 95%CI 1.25-23.9; P =
0.024) and for BMI>30 kg/nf (OR = 3.74; 95%Cl 1.73-8.08; P = 0.001). Also, the
presence of allele C conferred an increased risknfcroalbuminuria (OR = 2.28;
95%CI 1.08-4.85; P = 0.031). All regression modetse adjusted for gender, duration
of diabetes, and systolic blood pressure.

Conclusions -In Brazilian patients with type 2 diabetes the pre® of C allele of the
FTO rs7204609 SNP increases the risk for MetS and tfer presence of

microalbuminuria.
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The “Fat Mass and Obesity AssociatedfTQ) gene appears as an important
contributor to human adiposity due probably to #iact in the central control of energy
homeostasis (1). Several common single nucleotidigmorphisms (SNPs) of tHeTO
gene have been found to be strongly and positiaeiociated with body mass index
(BMI) such as rs9939609, rs1421085, rs17817449,0/83986, rs1121980, rs8050136,
rs3751812, rs7199182, rs7204609 (2-5) and othgoady markers including variants
rs9939609, rs1421085, rs1121980, rs8050136 (2, Bcdually, the association 6iTO
gene variants with obesity can be different aceaydithnics and/or adiposity features.
Thus, SNPSTO positive associations were observed in Korean C3)casian (5),
Japanese (6), Norwegian (7), and Indians populati@). On the other hand, no
association was identified of 16 common SNPs of Ei&@® gene with BMI in
predominantly lean African subjects (9).

Body weight homeostasis features and adiposiigtedl conditions were also
associated with SNPs &TO gene. The SNP rs1781744&s linked to with insulin
resistance and plasma leptin values in French-Gama@milies (4) and Hispanic
Americans (5). Some SNPs BT O gene (rs9939609, rs7191344, rs805018&)e also
associated with type 2 diabetes (2, 7, 8, 10, hladdition, a common variant of the
FTO gene (rs9939609) has been associated with metabgtidrome (MetS) or its
components (12, 13) in Caucasian (12) and non-Garcanulti-ethnic samples (13).
This observation is particularly important in ty@ediabetes patients because MetS
frequently occurs in these patients and a highenb®mn of MetS components were
associated with a higher prevalence of coronargrartlisease and microvascular
chronic diabetic complications (14). Variants o fifO gene (rs9939609, rs7191344,

rs8050136) have been studied in patients with kskedal diabetes especially regarding
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obesity (7, 11). However, as far as we know, therao information about possible
association of diabetic complications wifiO SNPs.

The rs7204609 (C/T) SNP of th€lrO gene was scarcely investigated and the
mechanisms by which this SNP as othef© variants could influence obesity is still
unknown (1). The aim of this paper was to examipesiible associations between the
SNP rs7204609 (C/T) polymorphism of tR§O gene with obesity-related markers,
MetS, and chronic diabetic complications in pasenith type 2 diabetes.

Research design and methods
Patients

This cross-sectional study was conducted in patietrth type 2 diabetes defined
as subjects over 30 years of age at onset of DMyre@wious episode of ketoacidosis or
documented ketonuria, and treatment with insuliy cfter 5 years of diagnosis.
Patients consecutively attending the outpatiemiclof the Endocrine Division at
Hospital de Clinicas de Porto Alegre (Porto Aled@eazil) were selected based on the
following criteria: no dietary counseling by a retgred dietitian during the previous 6
months, serum creatiningl.5 mg/dL and/or urinary albumin excretion rate BE
<200 pg/min, normal liver and thyroid function wesand absence of urinary tract
infection or other renal disease and cardiac failur

Medications in use were maintained during the stdithe frequency of exercise,
according to activities during a typical day, waassified into four levels: 1-none, 2-
low, 3-moderate and 4-high, based on a questiomrediapted to local habits (15).
Current alcohol intake was categorized as preseabsent. Patients were classified as
whites or non-whites (black or mixed) accordindheir own self-report. Smoking habit
was considered in the presence of current smokiengl of education was evaluated by

years of formal study. Blood pressure was measiwe@ to the nearest 2 mmHg, after
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a 10-minute rest, using a standard mercury sphygamometer (phases | / V
Korotkoff). Hypertension was defined as blood puess140/90 mmHg measured on
two occasions or the use of antihypertensive driigedus examination was performed
through dilated pupils, and diabetic retinopathyswgraded as present or absent.
According to 24-h AER patients were classified asmmoalbuminuric (AER <20
pug/min) or microalbuminuric (20-199ug/min). Microalbuminuria was always
confirmed in a second urine sample (1B8jagnosis of MetS was based on the
International Diabetes Federation (IDF) criterianttal obesity (waist circumference
>94 cm for menz80 cm for women) plus any two of the followinggtsicerides>150
mg/dl and/or HDL <40 mg/dl) for men and <50 mg/dr fwomen, blood pressure
>130/85 mmHg (or use of antihypertensive drugs)ramsed blood glucose or DM (17).

The Ethics Committee approved the protocol andeptdi gave their written
informed consent to participate in the study.
Dietary Assessment

The patient’s usual diet was assessed by 3-dayheeidiet record technique
(two non-consecutive week days and one-weekend).ddatients were issued
commercial scales and measuring cups and a de@gldnation and demonstration
was given to each subject. Compliance with the kteigcord technique, besides an
interview with the nutritionist, was confirmed byrparison of daily protein intake
estimated from the 3-day weighed-diet records aanoh f24-h urinary nitrogen output,
performed on the third day of the weighed-diet rdqueriod (18).

Dietary records were analyzed using the Nutriba@@72Clinical Nutritional
Manager software v.7.14 (Cybersoft Phoenix, AZ)teDimtakes from nutrients were

expressed in percent of total energy (% of totalgiday and mg/day. Nutrient data on
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frequently consumed foods were updated if necessaaly/or complemented with data
obtained from local manufacturers of specific irtdatzed foods (19).
Anthropometric Measurements

The body weight and height of patients (withouteshor coats) were obtained
using an anthropometric scale, with measurememisrded to the nearest 100 g for
weight and to the nearest 0.1 cm for heigbddy mass index (BMI; kg/m2) was
calculated as weight (kilograms) divided by squarkdight (meters). Waist
circumference was measured midway between the tawesargin and the iliac crest,
near the umbilicus. Flexible, non-stretch fibergltepe was used for measurements.
Laboratory Measurements

Blood samples were obtained after a 12-h fast geftasma glucose level was
determined by glucose oxidase method and the ;W% an ion-exchange high-
performance liquid chromatography procedure (Meidiachi L-9100 glycated
hemoglobin analyzer, reference range 4.7 - 6.0%yckleDarmStadt, Germany).
Urinary albumin was measured by an immunoturbidimehethod (Microalb; Ames-
Bayer, Tarrytown NY. In our laboratory using urineamples with albumin
concentration of 30 and 100 mg/l the intra- an@ratssay CVs were both <6% (20).
Estimated glomerular filtration rate (eGFR) wascaodted using the Modification of

Diet in Renal Disease formula (21): 186 x [plasmeatinine (mg/dly**>*

X age (years)

" 0203 (1.212 if black) x (0.742 if female). Plasmadilis levels were measured by
electrochemiluminescence (Elecsys R System/2010,duldo E-170 ROCHE,
sensitivity 0.2 mUI/ml, mean intra- and interas€ay. 2.0 and 5.96%, reference range
2.6 - 24.9 mUl/ml). Insulin resistance was estirddig homeostasis model assessment

resistance index (HOMA-IR = fasting serum insulin microunits per milliliter] x

fasting plasma glucose [in millimoles per liter]/2R(22). Serum total cholesterol and
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triglycerides were measured by enzymatic-colorimnetnethods (Merck Diagnostica,
DarmStadt, Germany; Boeringher Mannheim, BuenosesAirArgentina). HDL
cholesterol was assessed by homogeneous direcodn@htoanalyzer, ADVIA 1650),
and LDL cholesterol was calculated using the Freadée formula.
Genotyping of theFTO polymorphism

Detection of theFTO SNP 7204609 was carried out using a validatedyassa
(Assay ID C_29711844 10; Applied Biosystems, Fostagy, CA). SNP genotyping
was performed using an allelic discrimination asg@mgMarf SNP Genotyping
Assays, Applied Biosystems CA, USA) using the ABRI8BM 7000 Real-Time PCR
System and genotypes were read using automatewvaseft(SDS 1.1, Applied
Biosystems, CA, USA). Reactions were run in 10plurees using an amplification
protocol of 95°C for 10 minutes, followed by 40 leg of 95°C for 15 seconds, then
60°C for 1.5 minutes.
Statistical Analysis

Unpaired Student's- test, Mann-WhitneyU- test, andy? test were used as
appropriate. Because of the low numbers of CC hggumes, the genotype was
analyzed with the use dominant-allele model, whia € allele being dominant. )& test
was also used to evaluate the Hardy-Weinberg équin to assess the frequency
distribution of the genotypes. Multiple logistiggression analysis was used to calculate
the odds ratio (OR) and their respective 95%Clstli@ presence of obesity related
outcomes in the presence of the C allele of rs7@94€&/T) of theFTO gene, adjusted
for gender, duration of diabetes and, systolic #lqmessure. A multiple linear
regression model was used to analyze factors imdigmly associated with waist
circumference and AERy. Results were expressed as means (SD), median (F3)5-P

or number of patients with the characteristic (®)alues <0.05 were considered as
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statistically significant. Statistical analysis wpsrformed using SPSS 15.0 software
(SPSS, Chicago, IL).
Results

A total of 236 Brazilian patients with type 2 disd® 46.6% males, 60.0 = 10.3
years old, and with 12.7 + 8.2 years of diabetesatthn was studiedPhenotypical
characteristics of patients according to the rsBR04(C/T) polymorphism of thETO
gene are shown in Table 1. No deviation from thedi#&Veinberg equilibrium was
observed ¢ = 4.208; P = 0.917) concerning genotype distriouti The allele
frequencies were 85.2% for the T allele and 14.8%le C allele. Patients with C/T
and CC genotypes were combined and compared vétfi Trhomozygotes.

No significant differences in age, gender and tiomeof diabetes were observed
between groups. The proportion of white ethnicisghemic heart disease, current
smoking, alcohol intake, physical activity, and dewf education also did not differ
between the two groups. Regarding metabolic indif@eting plasma glucose, HbA
insulin, HOMA-IR, and total and LDL cholesterol veeralso no in both genotypes
groups. Carriers of the C allele (CC and CT gernegyphad higher AER [18.4 (2.8-
180.4) vs. 5.3 (0.0-180.5) pg/min; P = 0.046] thannon-carriers. Moreover, this
genetic group also present a high proportion akpg with microalbuminuria (48.6 vs.
29.6%; P = 0.027).

Important differences in patients who had the @lalconcerning indicators of
adiposity were found. Thus, carriers of the C allghowed higher weight (83.8 + 14.5
vs. 74.3 + 13.0 kg; P <0.0001), BMI (31.1 + 3.6 8.2 + 4.1 kg/rfi P <0.0001), and
waist circumference (105.0 = 9.8 vs. 98.3 £ 10.4 En¥ 0.002) when compared with
non-carriers. Furthermore, patients carrying theal@le evidenced a lower HDL

cholesterol (47.0 £ 8.9 vs. 51.4 £ 12.5 mg/dl; B.648) and higher serum triglycerides
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concentrations [165.0 (67-421) vs. 131.0 (40-45%)/dn P = 0.047]. A higher
frequency of MetS was observed in carriers of tredl€le (94.3% vs. 76.6%, P = 0.017)
as compared to TT homozygotes.

When males and females were separately analyzetk there differences in
some components of the MetS according genotypésed¥TO gene (Figure 1). Male
carriers of the C allele had a higher waist circemafce (109.4 + 8.4 vs. 99.4 + 9.8 cm;
P <0.0001) and triglycerides serum values [1924BY) vs. 130 (40-398); P = 0.042]
than non-carriers males. Females with the C-apieésented lower HDL concentrations
(47.3 £9.6 vs. 54.2 + 12.3 mg/dl; P = 0.034) artdradency for a higher systolic blood
pressure (145.3 £ 28.7 vs. 136.3 + 18.1 mmHg; FO8X) as compared to non-carriers.

Multiple logistic regression models were constrddie evaluate the association
of CC and CT genotypes with different obesity rdadbutcomes in patients with type 2
diabetes (Figure 2). All models were adjusted fendger, duration of diabetes and
systolic blood pressure. In the first model, it veesnonstrated that carriers of C allele
had an increase chance for the presence of MetSHGR6; 95%CI 1.25-23.9; P =
0.024). When each individual component of MetS waalyzed, as expected due to
adoption of the IDF criteria for MetS, the presemteC allele was associated with
central obesity (waist circumferene4 cm for menz>80 cm for women) (OR = 8.04;
1.08-66.4; P = 0.041). However, no association gexaonstrated with blood pressure
levels>130/85 mmHg (OR = 2.12; 95% CI 0.61-7.36; P = 0)28®glycerides>150
mg/dl (OR = 1.57; 95%CI 0.75-3.32; P = 0.229), ecre¢ased HDL values (OR = 1.61;
95%CI 0.74-3.48; P = 0.248). As expected, the presef C allele was associated with
BMI >30 kg/nf (OR = 3.74; 95%CI 1.73-8.08; P = 0.001). A multipfear regression

analyses confirmed the association of C allele wi#list circumference (adjusted R
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0.103; beta coefficient = 0.178; p = 0.005), adjddbr gender, duration of diabetes and
systolic blood pressure.

Interestingly, in a multiple logistic regressionadysis (adjusted for gender,
duration of diabetes and systolic blood pressurejas observed an association of CC
and CT genotypes of the rs7204609 polymorphisnhefT O gene with the presence
of microalbuminuria (OR = 2.28; 95%CI 1.07-4.85=F0.031). This association was
confirmed taking into account AER values (log tfansied) in a multiple linear
regression model: adjusted R 0.044; beta coefficient = 0.134; P = 0.045, afgid for
gender, duration of diabetes and systolic bloodsres.

Total daily energy and nutrient intakes in Brazil@atients with type 2 diabetes
according to thé-TO genotypes were not different in patients with etéint genotypes
(Table 2). The validity of the weight-record teaiuee was confirmed by comparing
daily protein intake estimated from the mean valtithe 3-day weighed-diet records
with the protein intake estimated from 24-h urinaityogen output (1.17 £ 0.30 vs. 1.17
+ 0.35 g/kg weight; P = 0.873).

Conclusions

In the present study, a positive association okw mariant of the=TO gene
(rs7204609) with MetS, BMI, and microalbuminuriasa@served in patients with type
2 diabetes.

The results of the present study expand previossrehtions of the concept that
variability of theFTO gene influences the development of obesity andSivMte found
that the only component of MetS that remained $igamtly associated with the
rs7204609 polymorphism was central obesity, sugggpsthat the underlying
mechanism is due to increased body fat. The subdaptfor obesity phenotype

(central and general) may be attributed to an as@ef energy intake, sinEd O gene
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is expressed in the hypothalamus and is regulayelddiing stated and plasma leptin
values (2, 23). However, in the present study puossibility seems to be unlikely
because energy and nutrient intake did not difedwben genotypes. Another potential
mechanism underlying the observed associationstrbgginelated to a direct function of
FTO (23) or even to linkage disequilibrium of the testariant with another causative
change in a gene near tA&O locus.

An interesting observation of the current study wees increased AER values
and chance for the presence of microalbuminuripatients with the C-allele of the
rs7204609FTO variant. As far as we know this was not descrilbefore. This
observation might be due to the higher frequenciMefS in patients with CC and CT
genotypes. We have previously reported that mibroalnuria was more frequent in
patients with type 2 diabetes and MetS than thoskout MetS (14). The positive
association of microalbuminuria with C-allele r@rdes the relevance of the rs7204609
polymorphism of the=TO gene because it is well known that in patient$ wype 2
diabetes the microalbuminuria is a risk factor folinical nephropathy and
cardiovascular disease (24).

When gender was considered in the analysis of Iplesassociations, there were
differences among genotypes regarding some compooéthe MetS. Male carriers of
the C-allele (CC and CT genotypes) had a high weistumference and serum
triglycerides, and C-allele carriers females hadveer serum HDL cholesterol and a
tendency to an increase systolic blood pressiitbough the present study might be
underpowered for gender analyses, an importantideraion concerning these results
is that the gender can be an important determiioairibhe expression of rs72046690
polymorphism in patients with typediabetes. In fact, differences in gender associatio

were also described in a recent report in obeddreniand=TO variant rs9939609. The
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association this SNP with obesity and BMI levelswaserved only in girls (25). Thus,
it is probable thatFTO gene may have an important role for gender specifi
development of obesity as well as for the assatiptenotypes.

The SNP rs7204609 (C/T) in tliRg O gene was only described in a recent study
in Japanese population. Interestingly this polyrhaam in non-diabetic Japanese
subjects was negatively linked with obesity (OR.Z/) (6). These results reinforce the
importance of the ethnic origin in genetic studies.

In summary, this current research support the Ihgsi¢ that theFTO
rs7204609 variant might contribute to the genetisceptibility for the presence of
MetS, probably due to central obesity and microalimuria in Brazilian patients with
type 2 diabetes. However, these associations weleel ¢onfirmed by further replication
studies, particularly in other ethnic populatioms. addition, it appears that gender

specific analysis could be required to adequatebrpret data.
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Table 1- Clinical and laboratory characteristics of Brazlian patients with type 2
diabetes according to FTO rs7204609 (C/T) genotypes

TT CT/CC P
n 201 35 -
Age (years) 60.3+9.8 58.4 £ 13.0 0.324
Gender (male) 91 (45.3%) 19 (54.3%) 0.324
Ethnicity (white) 173 (86.1%) 31 (88.6%) 0.572

Duration of diabetes (years)

Metabolic Syndrome — IDF * (yes)

Ischemic heart disease (yes)
Microalbuminuria (yes)

Diabetic retinopathy (yes)

Blood pressure levei130/85 (mmHQg)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHgQ)

Hypertension treatment (yes)

Diabetes treatment
(D/OA/lor I + OA) T

Current smoking (yes)

Current alcohol intake (yes)
Frequency of exercise (level 1)
Education<8 years (%)

Weight (kg)

Height (cm)

BMI (kg/m?) $

BMI >30 kg/m2 (%)

Waist circumference (cm)
Fasting plasma glucose (mg/dl)

HbA:c (%)

12.8+8.1
154 (76.6%)
26 (13.0%)

58 (29.6%)

59 (29.3%)

167 (83.1%)

137.7 +19.8
80.9 +10.7
142 (70.6%)

5.5/57.7/36.8

25 (12.4%)
68 (33.8%)
110 (54.7%)
36 (18.1%)
74.3 +13.0
160.8 + 18.4
28.2+4.1
64 (31.8%)
98.3 +10.4
144.8 +51.4
7.0 (4.1-13.0)

12.1+8.6 0.629
33.094) 0.017
6 (17.1%) .5100

17 (48.6%) 0.027
10 (28.6%)  74@.
32 (91.4%) 0.210

14323 8 0.108

831445 0.238

28 (80.0%) 0.255
2.9/68.6/28.6 0.433

2 (5.7%) 0.163
15 (42.9%) 0.086
237%8). 0.591
7 (20.6%) 0.078
83.8+145  <0.0001

159.8 +16.9 0.516

31.1+3.6 <0.0001
21 (60.0%) 0.001
105.0 + 9.8 0.002

15158 8 0.548
7.1(5.2-10.2)  0.990
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AER (ug/min) § 5.3 (0.0-180.5)  18.4 (2.8-180.4) 0.046
Serum creatinine (mg/dl) 0.8 (0.3-1.30) 0.9 (0.39]. 0.073
eGFR (ml/min per 1.73 || 87.0 (47.0-150.0) 82.0 (42.0-147.0) 0.392
Insulin (LU/m) 12.1 (0.5-32.9)  12.5(4.9-31.4) @87
HOMA-IR 3.7 (0.17-8.2) 3.5 (1.1-12.4) 0.818
Total cholesterol (mg/dl) 206.6 £ 39.8 200.7 £42.7 0.425
HDL cholesterol (mg/dl) 51.4+125 47.0+8.9 B04
LDL cholesterol (mg/dl) 125.9+35.6 122.5+37.9 0.614
Triglycerides (mg/dl) 131 (40-455) 165 (67-421) 0.047

*IDF: International Diabetes Federation; tD: dietyp TOA: oral antidiabetic agents; T
I: insulin; ¥BMI: body mass index; S8AER: albumincegtion rate; ||eGFR: estimated
glomerular filtration rate; fHOMA-IR: homeostasisodel of assessment of insulin
resistance. Data are expressed as mean = SD, m@#&rP75), or number of patients

with the characteristic (%).
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Table 2 -Daily intake of nutrients of Brazlian patients with type 2 DM according to

FTO rs7204609 (C/T) genotypes

TT CT/CC P
n 201 35 -
Total energy intake (Kcal/day) 1849.2 £482.1853.9 +577.0 0.958
Total energy intake (Kcal/kg weight) 224+6.4 23.6.4 0.190
Carbohydrate intake (% total E) * 46.3+7.8 4158.9 0.795
Protein intake (% total E) * 19.2+35 18.8£5.7 0.582

Fat intake (% total E)*
Saturated fatty acid (% total E) *

Monounsaturated fatty acid (% total E) *

Polyunsaturated fatty acid (% total E) *

Trans fatty acid (% total E) *
P/S fatty acid ratio T
Cholesterol (mg/day)
Total fiber (g/ day)

324+7.0 33.8+£7.3 0.537
9.7+2.6 9.2.3 0.250
11.4F%2 122+29 0.167
9.3.23 103+4.1 0.152

1.2+0.7 1.1 60. 0.449
1.0+04 1.1+0.5 0.200
217.7+108.7 200.9 +113.8 408.

17.5+6.9 15374 0.091

*E: energy; TP/S: Polyunsaturated/SaturaiBata are expressed as mean + SD
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Metabolic Syndrome - IDF - | }

Central obesity a L T

Blood pressure > 130/85 mmHg I } |
Triglycerides » 150 mg/dl  H+—
Decreased HDL H—H—
BMI =30 kg/m? 4 | } !
MMicroalbuminuria 44—t
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Odds Ratio (95% CT)

Figure 2 - Odds ratios for the presence of Metabolic Syndrateesomponents, obesity
(BMI >30 kg/mf) and, microalbuminuria in patients with type 2 lokdes carriers of C
allele (CC and CT genotypes) of the rs7204609 (@6Iymorphism of the FTO gene.
All models were adjusted for gender, duration atbdites, and systolic blood pressure.
Central obesity: waist circumference94 cm for men and>80 cm for women.

Decreased HDL: <40 mg/dl for men and <50 mg/dl\f@men.
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CONSIDERACOES FINAIS

O conceito de interagdo gene-nutriente descrevea@ulacio dos efeitos dos
componentes dietéticos em um determinado fendtgsmciado a um polimorfismo
genético. A nutrigenética estuda o efeito da vaoagenética na interacdo entre dieta e
doenca, sendo uma de suas principais contribugé@@s recomendacdes de dieta ou de
componentes dietéticos de acordo com as caratasigienéticas do individuo. De uma
maneira geral, estas caracteristicas genéticasregfiesentadas por polimorfismos.
Evidéncias atuais sugerem a interagdo de nutriecdes polimorfismos genéticos
relacionados a obesidade, ao DM tipo 2 e/ou coedig@@ssociadas. O consumo de
diferentes tipos de gordura, de carboidratos e ilbasf identificam o0s principais
nutrientes implicados nesta interacdo. Tambémvietedes dietoterapicas especificas
como dietas as hipocaldricas tém diferentes refdtalependendo dbackground
genético do individuo.

Nesta tese foi demonstrada uma associag¢ao positiva a presenca do alelo A
do polimorfismo rs9939609 (A/T) do gene &3O e o consumo de gordura total e
saturadaem pacientes com DM tipo 2. O mecanismo relaciorsadsta associacdo nao
foi objeto do presente estudo, embora uma alteraiziccaciedade possa ter um
importante papel na presenca deste polimorfismeva der avaliada no futuro. Neste
mesmo grupo de pacientes com DM tipo 2 observourse associagcdo positiva de
outro polimorfismo do gene deTO [rs7204609 (C/T)] com a microalbuminuria e com
a SM. Estes achados séo particularmente importagtde grupo de pacientes, uma vez

gue a microalbumindria é mais freqiente em pacecten DM tipo 2 portadores de



103

SM, além de ser um fator de risco para a nefropdigbética e doencas
cardiovasculares.

Os dados apresentados sugerem um importante papgerie doFTO em
pacientes com DM tipo 2 tanto no que diz respeifpossibilidade de avaliacdo de
intervencdes dietoterapicas especificas quanterdifitacdo de pacientes em risco para
complicacbes crbnicas. Estes achados deverdmisimtados em outras populacdes e
0 acompanhamento em longo prazo destes e de @atcemtes, além da realizacao de
ensaios clinicos randomizados com intervencdo dsa,dipodera tornar estas
informacgdes Uteis para a prética clinica, bem ctavar a novas hipéteses relacionadas

a patogénese das complicagbes do DM.
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