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Resumo

A disfuncdo endotelial parece ser o evento desencadeante da doenga
aterosclerética, sendo considerado um marcador precoce de risco cardiovascular.
Evidéncias crescentes destacam o papel de determinados fatores dietéticos,
principalmente as gorduras, no desenvolvimento da DCV, especialmente através da
modulacdao da funcdo endotelial. Esse artigo tem por objetivo revisar o papel das
gorduras da dieta sobre a modulagdo da funcdo endotelial e as evidéncias da sua
associacdo com a disfuncdo endotelial. Estudos epidemiolégicos e de intervencdo
sugerem um efeito adverso dos dcidos graxos (AG) saturados e dos AG frans e um
efeito benéfico dos AG poliinsaturados n-3 na modulagéo da fungdo endotelial. O papel
dos AG monoinsaturados sobre a funcio endotelial é ainda controverso. A quantidade
da gordura total por si s6 ndo parece ser fator determinante na func¢éo vascular a longo-
prazo quanto a composi¢do destas gorduras. No entanto, a modificacdo da composicdo
de 4cidos graxos da dieta implica obrigatoriamente na manipulacio de mais de um
componente para manter o valor energético, dificultando, portanto, a interpretagdo do
papel de cada 4cido graxo isoladamente sobre a funcdo endotelial. ensaios clinicos
randomizados, especialmente de longo-prazo, s@o ainda necessdrios para melhor
evidenciar os diferentes efeitos da composicao de AG da dieta e seus mecanismos, sobre

a funcdo vascular.
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Abstract

Endothelial dysfunction plays a central role in the development of
atherosclerotic disease, and is considered an early marker of cardiovascular risk.
Emerging evidence suggests an important role of dietary factors, especially fatty acids
intake, in modulating endothelial function. The aim of this manuscript was to review the
role of dietary fatty acids in modulating endothelial function and their potential
association with endothelial dysfunction. Epidemiologic and clinical trials suggest an
adverse effect of dietary saturated and zrans fat acids in the modulation of endothelial
function, whereas dietary polyunsaturated fatty acid had a beneficial effect. The role of
monounsaturated fat remains obscure. Overall, the evidence suggest that total fat per se
does not have a strong effect on vascular function and that the composition of dietary
fatty acid may play a more important role. However, the modification of the
composition of fatty acids in the diet necessarily implies manipulating more than one
component to maintain the energy value, thus making it difficult to interpret the role of
each fatty acid by itself in endothelial function. Randomized clinical essays, especially
long-term ones, are still needed to show clearer evidence of the different effects of FA

composition in the diet and its mechanisms on vascular function.
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Introducao

A doenca cardiovascular aterosclerdtica é a principal causa de morbidade e
mortalidade em paises ocidentais, sendo seu impacto em termos populacionais de
grande relevancia L Independente dos fatores responsdveis pelo inicio do processo
aterosclerético, as alteragOes presentes neste processo representam diferentes estagios
de um estado inflamatdrio cronico das artérias, no qual a disfuncdo endotelial tem um

papel central 2

Na presenca de fatores inflamatérios e de fatores de risco
cardiovascular hd perda da acdo protetora do endotélio, com propensdo a
vasoconstri¢do, trombose e inflamacgao, caracteristicas do dano endotelial. A disfuncdo
endotelial parece ser o evento desencadeante da doenga aterosclerdtica vascular em
humanos, sendo considerado um marcador precoce de risco cardiovascular 2,

A disfuncdo do endotélio associa-se a diversos fatores de risco tradicionais para a
doenca aterosclerdtica, incluindo a presenga de hipercolesterolemia, tabagismo,
hipertensdo arterial, diabetes melito (DM) e histéria familiar de doenca coronariana
prematura 34 Além disto, tanto na patogénese como na progressdo da doenga
cardiovascular (DCV), tém sido crescentes as evidéncias sobre o papel exercido por
determinados fatores dietéticos, principalmente as gorduras. No que diz respeito aos
mecanismos desta relagdo entre as gorduras da dieta com o desenvolvimento da DCV, o
foco tem sido especialmente sobre o efeito destes nutrientes no metabolismo das
lipoproteinas. No entanto, as gorduras da dieta exercem também influéncia sobre outros
componentes de risco cardiovascular nio menos importantes, mas menos explorados,
como a sensibilidade a insulina, hemostasia e a funcdo vascular. Esse artigo tem por

objetivo revisar o papel das gorduras da dieta sobre a modulacdo da funcdo endotelial e

as evidéncias da sua associacdo com a disfun¢éo endotelial.
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O Endotélio Normal

Dado antigamente como uma camada unicelular cujo papel era somente o de uma
barreira semipermedvel entre o sangue e o intersticio, o endotélio desempenha uma
gama de importantes fungdes metabdlicas e regulatdrias do sistema vascular 45 Além
da funcdo de vasodilatacdo, um endotélio sauddvel tem papel antiaterogénico devido a
inibi¢do da adesdo e agregagdo plaquetdria, proliferacdo de células do misculo liso e
adesdo leucocitdria ®. Cabe ainda as células endoteliais a expressao de moléculas de
adesdo como a P-selectina, E-selectina, molécula de adesdo intercelular 1 ICAM-1) e
molécula de adesdo vascular 1 (VCAM-1) em resposta a estimulos inflamatérios e
trombéticos °.

O controle do ténus vascular local depende do balango entre substincias
dilatadoras e constritoras. O o6xido nitrico, sintetizado a partir da L-arginina, é o
vasodilatador predominante; ja as substincias vasoconstritoras sao a Endotelina-1 (ET-
1), Angiotensina IT e o Tromboxano . Em pessoas sauddveis o efeito predominante é o
de vasodilatacdo. O termo disfuncdo endotelial refere-se a alteragdo da vasodilatacdo
dependente do endotélio e a mé regulagdo da interacdo endotélio - células sanguineas,
causando uma inflamacgdo localizada e, posteriormente, lesdes vasculares graves e
trombose. A disfuncdo endotelial ocorre quando os efeitos vasoconstritores se
superpdem aos efeitos vasodilatadores, geralmente como resultado da diminui¢do da
biodisponibilidade do 6xido nitrico, com perda de sua agdo vasoprotetora ¥ Essas
alteracdes propiciam um estado pré-constritor, pré-inflamatdrio e pré-agregante ao vaso
sanguineo e ocorrem especialmente na presenca de hipercolesterolemia, hipertensio
arterial, tabagismo e DM °,

O emprego de marcadores bioquimicos e de técnicas funcionais de vasodilatacio

dependente do endotélio tem sido utilizado para a avaliacdo da fungdo endotelial.
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Ativacdo endotelial pode ser detectada pelo aumento das concentracdes plasmaticas das
moléculas de adesdo tipo 1, selectinas e ET-1, conhecidos marcadores de disfungdo
endotelial '°. Contudo, 0 método mais empregado para o estudo da fun¢do endotelial em
estudos clinicos tem sido a avaliacdo da resposta vasomotora dependente do endotélio
em leitos circulatérios regionais, principalmente o antebraco ou na circulagdo
coronariana *. Esse teste faz uso de estimulos farmacoldgicos (acetilcolina) e
fisiologicos (aumento de fluxo sanguineo através da hiperemia reativa) para a liberagéo
endotelial de 6xido nitrico, e consequente vasodilatacdo. Associado a ele, analisa-se a
vasodilatacdo independente do endotélio desencadeada com o uso de nitroglicerina >'°.
A técnica da ultrassonografia da artéria braquial tem sido considerada como método
padrio para avaliacdo ndo invasiva da fungdo endotelial devido a sua ampla experiéncia
clinica, validag@o, além de servir como um preditor de risco de ventos cardiovasculares.
A agdo local do 6xido nitrico ndo somente reflete sua influéncia no tonus vascular, mas
também outras importantes fun¢des dessa molécula como tromborregulacdo, adesdo

celular e proliferacio 10,

Contetdo de gorduras da dieta

Cerca de 95% da composicio de gordura da dieta € representada por
triacilglicerdis (constituido por trés moléculas de dcidos graxos com uma molécula de
glicerol), sendo o restante constituido por outras formas de lipideos, como fosfolipideos,
dcidos graxos (AG) livres, colesterol e fitosterdis. O conteido de gordura da dieta
consiste de AG insaturados e saturados, que se diferenciam pela presenca ou nao de
ligacdes duplas entre dois dtomos de carbono na cadeia, respectivamente. Quando a
cadeia de atomos de carbono possui apenas uma ligacdo dupla, define-se como AG

monoinsaturado (AGMI); na presenga de duas ou mais ligacdes duplas, o AG ¢é
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poliinsaturado (AGPI). As liga¢des duplas presentes nos AGPI podem apresentar-se
com dois tipos de configuragdes: cis e trans. A configuracio cis se caracteriza pela
presenga dos dtomos de hidrogénio do mesmo lado da dupla ligagcdo, enquanto que na
configuragdo trans, os &tomos de hidrogénio estdo em lados opostos na dupla ligacdo. A
grande maioria dos AGPI encontram-se na configuracdo cis. Os AG frans ndo ocorrem
naturalmente nos vegetais, € somente em pequenas quantidades nos animais. Porém, os
AG trans sdo formados durante o processo de hidrogenacio de 6leos vegetais liquidos.

Baseada em um conjunto de valores de referéncia para ingestdo de nutrientes a
serem utilizados no planejamento e na avaliacdo de dietas de individuos sauddveis, as
DRIs (“Dietary Reference Intakes”) preconizam que em adultos a ingestdo de gordura
total se concentre na faixa entre 20 a 35% do valor caldrico total (VCT). Destas, o
consumo médio de AG saturado (AGS) ndo deve ultrapassar de 10%, o consumo de
AGPI deve ser responsavel por cerca de até 10% e o de AGMI de até 20% do VCT.
Para a ingestdo de colesterol, o consumo didrio ndo deve ultrapassar 300 mg/dia. Em relacéo
ao AG trans, deve ser reduzido evitando o consumo dos principais alimentos fonte. Ja
para individuos com alto risco cardiovascular ou aqueles ja com DCV estabelecida, a
American Heart Association (AHA) "' recomenda as seguintes metas: maior restricao do
AGS, devendo ser limitado a no maximo 7% do VCT, associada a uma diminui¢ido do
consumo de colesterol para até 200mg/dia. A ingestdo do AG trans ndo deve
ultrapassar 1% do VCT. A AHA recomenda que o restante de ingestdo de lidipios seja
proveniente de AGMI e AGPI através da ingestdo de nozes, grdos, peixes e 6leos
vegetais.

Na presente revisao serd abordado o papel do contetdo total da gordura da dieta

e de cada grupo de AG sobre a funcdo endotelial.
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Papel das gorduras da dieta sobre a funcao endotelial
Gorduras totais

Viérios estudos t€m estabelecido que a quantidade total de gordura da dieta ndo é
tdo associada com a presenga de DCV quanto o tipo de gordura ingerida. Quando
analisada a variacdo nas quantidades de gordura total na dieta entre populagdes diversas,
observa-se que esta ndo se associa a incidéncia de eventos coronarianos 2. No estudo
de Ohetal , a ingestdo total de gorduras esteve significativamente associada com o
aumento de risco de DCV; contudo, quando ajustado para outros fatores de risco
tradicionais como idade, tabagismo e hipertensdo arterial sist€mica esta associacio
desapareceu. Este achado é refor¢ado por outros estudos cldssicos como o Women’s
Health Initiative Randomized Controlled Dietary Modification Trial '*. Neste estudo
randomizado e controlado observou-se que a ado¢do de uma dieta com reducdo da
proporcao de gordura (20% VCT), sem modificagdo no peso corporal, ndo resultou em
reducdo de taxas de eventos cardiovasculares.

Em relacdo a funcio endotelial, as evidéncias também sugerem que a quantidade
da gordura total por si s6 ndo parece ser tdo determinante na funcdo vascular quanto a

1 ' analisaram 32 individuos sauddveis

composicdo das gorduras da dieta. Roos et a
submetidos a uma dieta reduzida em gorduras totais (25% VCT) e a uma dieta com
maior conteido de gorduras (44% VCT) e rica em AGMI, durante 3,5 semanas cada
uma. Apds este periodo, os autores ndo observaram diferenca com relacdo a dilatagdo
mediada pelo fluxo (DMF), apesar da diminuic@o no colesterol High-density lipoprotein
(HDL) e do aumento nos triglicerideos séricos resultantes com a dieta pobre em
gorduras.

A maioria dos estudos que avalia o efeito da ingestao de dietas ricas em gordura

sobre a funcdo endotelial sdo estudos de efeito agudo, possivelmente pela maior
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facilidade técnica, de mais rapida realizacdo e auséncia do risco de nio aderéncia. Em
geral, as refei¢des ricas em gordura estdo associadas a piora da vasodilatacdo
dependente do endotélio, em muitos destes estudos determinada pela DMF. Em um
estudo realizado com 50 pacientes com DM tipo 2, foi demonstrado que os niveis
plasmaticos de ADMA (Asymmetric dimethylarginine), um potente inibidor do 6xido
nitrico sintase, elevava-se agudamente apds uma refeicdo rica em gordura, além de
ocorrer uma reducdo na resposta vasodilatadora do endotélio apds a hiperemia reativa
' No entanto, é importante ressaltar que este efeito pode ser diverso dependendo da
composicdo de nutrientes que compde a dieta. Em outro estudo de intervencdo, 16
individuos saudaveis foram submetidos a trés tipos diferentes de dieta (rica em gordura
e rica em gordura com 2 tipos diferentes de proteina). A DMF foi avaliada agudamente
e mostrou que a piora da funcio endotelial ndo foi observada quando ambos os tipos de
proteina foram adicionadas a dieta rica em gordura 7,

Portanto, mais do que a quantidade de gordura total, provavelmente, o
importante seja definir qual a melhor composi¢do de AG que resulte em menor efeito
adverso sobre a funcdo vascular, protegendo, em ultima andlise, o endotélio do dano a
longo-prazo. Além disso, a influéncia de outros componentes que estdo presentes na
refeicdo, como proteinas, fibras soliveis e anti-oxidantes também deve ser levada em
consideragdo.

O impacto das dietas ricas em gordura sobre a funcdo vascular pds-prandial estd
provavelmente associado a lipemia pds-prandial. O aumento dos triglicerideos e dos AG
ndo esterificados pds-prandiais € inversamente associado a fun¢do endotelial, sendo que
a deterioracdo da fungdo endotelial resultante das dietas ricas em gordura é maior em

individuos hipertrigliceridémicos '*. Uma explicagdo é que este efeito esteja ligado ao
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aumento do estresse oxidativo, ou seja, o aumento das lipoproteinas ricas em

triglicerideos induziria a menor biodisponibilidade do 6xido nitrico.

Acidos graxos saturados

Os AGS sao encontrados em alimentos de origem animal como carnes e
laticinios. De acordo com o National Cholesterol Education Program (NCEP)IQ , O
consumo médio de AGS € de 12% do VCT na populacio norte-americana, sendo que o
acido palmitico (16:0), estedrico (18:0) e ldurico (12:0) sdo os mais predominantes.

O alto consumo de AGS é um importante fator de risco para DCV, por levar a
um perfil pré-aterogénico dos lipidios plasmadticos, além de favorecer a trombogénese
2.0 seu efeito sobre o aumento dos niveis de colesterol é bem estabelecido *'. Estudos
tém demonstrado que a ingestdo de AGS da dieta tem efeito negativo sobre a funcdo
endotelial. Em uma coorte publicada em 2009, com 264 individuos idosos (> 70 anos de
idade), constatou-se que a propor¢cdo do dcido palmitoléico sérico foi associada aos
niveis elevados de proteina C reativa (PCR), importante marcador inflamatério,
independente de indice de massa corporal (IMC) e fatores de estilo de vida 2 Este AG
sérico reflete em grande parte a ingestdo do dcido palmitico. Ainda, no estudo de Sarabi
et al & , que analisou individuos sauddveis entre 20 e 69 anos, foi observado que os
dcidos palmitico e palmitoléico medidos em lipideos séricos foram inversamente
relacionados com a fun¢@o endotelial através da pletismografia venosa.

No entanto, os mecanismos pelos quais os AGS danificam o endotélio vascular
ainda ndo sdo bem conhecidos. Um possivel mecanismo do AGS na inflamagdo tem
sido demonstrado in vitro. Quando culturas de células endoteliais coronarianas humanas
sdo incubadas com dcido palmitico, a expressdo génica e a producgdo protéica de IL-6

aumentam 24.
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Analisando o efeito agudo da ingestdo de AGS, um ensaio clinico randomizado
australiano comparou os efeitos de duas dietas ricas em gordura, mas diferenciadas na
composicdo das mesmas: uma rica em AGPI e a outra em AGS em 14 adultos
sauddveis. Os autores observaram uma significativa piora da fun¢do endotelial avaliada
através da ultrassonografia de artéria braquial apds a ingestdo aguda da dieta rica em
AGS quando comparada a dieta rica em AGPI > Em outro estudo no qual foram
testadas quatro tipos de dietas por 3 semanas cada uma (ricas em AGS, AGPI, AGMI e
carboidratos de alto indice glicémico, respectivamente) em individuos sauddveis, a dieta
com maior conteido de AGS resultou em uma diminui¢@o da vasodilatagdo dependente
do endotélio de 50%, quando comparado s outras dietas °.

Em pacientes com DM tipo 2, conhecida condi¢do associada a um processo
aterosclerético mais precoce e acelerado, os estudos na sua grande maioria analisam

12627, Recentemente,

apenas o efeito agudo da ingestdo de AGS sobre a fun¢do endotelia
Tentolouris et al realizaram um ensaio clinico randomizado com cruzamento, no qual
observaram que o consumo de um lanche rico em AGS, sendo a manteiga a principal
fonte, propiciou uma diminuicdo na vasodilatagdo dependente do endotélio duas horas
ap6s, que perdurou até 6 horas apds, quando comparado a uma dieta rica em AGMI 26,
Esta piora da func@o endotelial estd provavelmente associada ao maior estresse
oxidativo resultante, efeito que parece ser de maior magnitude nos pacientes com DM
tipo 2, quando comparados a individuos normais 7. Além disso, apos a ingestdo aguda
de dietas ricas em AGS, a piora da fun¢@o endotelial foi correlacionada com aumento da
concentracdo de very low density lipoprotein (VLDL) e Low-density lipoprotein (LDL).

Outra observacdo € que a piora da fungdo endotelial apés estas refeigdes foi maior nos

individuos com niveis plasmaticos menores de colesterol HDL.
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Acidos graxos Monoinsaturados

O papel dos MUFA no desenvolvimento das DCV ¢ bastante controverso, com
alguns estudos demonstrando efeito protetor, outros ndo. No estudo Nurses’ Health
Study, uma coorte prospectiva com mais de 80000 mulheres, foi demonstrada uma
associacdo inversa entre a ingestdo de AGPI, e em menor magnitude a ingestdo de
AGMI, e o risco de doenga coronariana 2 Estudos epidemioldgicos sobre o impacto de
fatores alimentares na prevencdo das DCV, também demonstram uma reducdo de risco
de eventos cardiovasculares associada a maior ingestdo de oleaginosas, que sdo
importante fonte de AG insaturados, especialmente os AGMI. No entanto, este alimento
€ também fonte de outros nutrientes bioativos (proteinas vegetais, fibras, acido fdlico,
etc), aos quais pode ser também atribuido este efeito cardioprotetor *°.

Evidéncias indiretas do beneficio dos AGMI da dieta sobre a fungdo endotelial
sao observadas em estudos de interven¢cdo nos quais dietas ricas em AGS sdo
substituidas por dietas com alto teor de AGMI, como a dieta mediterranea. Em um
estudo randomizado e com cruzamento, pacientes com hipercolesterolemia foram
submetidos a uma dieta tipica mediterranea, rica em 6leo de oliva (fonte do 4cido
oléico) ou a uma dieta pobre em gordura 30, Ap6s 28 dias de dieta mediterranea, os
pacientes apresentavam maior DMF, sugerindo melhor funcio endotelial. Além disso,
apo6s a dieta rica em AGMI assim como apés a dieta pobre em gordura, observou-se
menores valores de colesterol plasmatico, de colesterol LDL e da apolipoproteina B.
Contudo, além do maior conteido de AGMI, as dietas mediterrdneas sdo compostas
também por alimentos ricos em antioxidantes, como frutas, vegetais e
peixes,conhecidos fatores benéficos sobre a fungio endotelial 3

Quando avaliada a associacdo entre a composicido de AG séricos, como

marcadores da ingestdo alimentar dos AG, e fun¢@o endotelial, Sarabi et al 2 também
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observaram que a maior propor¢do do 4cido oléico na fracdo éster de colesterol e do
dcido linoléico na fracdo fosfolipidio dos lipideos séricos foram associados a uma
melhor funcio endotelial avaliada através da pletismografia venosa. O é4cido oléico e o
dcido linoléico sdao os principais constituintes dos grupos de AGMI e AGPI da dieta,
respectivamente. Os mecanismos de protecdo destes AG sobre a funcdo endotelial, no
entanto, devem diferir entre si, pois o dcido linoléico foi positivamente associado com a
vasodilatacdo tanto dependente quanto independente do endotélio, ao passo que o dcido
oléico correlacionou-se somente com a vasodilatagdo endotélio-dependente 3

Por outro lado, quando o efeito de curto-prazo ou agudo da ingestdo de fontes
ricas em AGMI € estudado em pacientes com hipercolesterolemia e comparado ao efeito
dos AGPI, os achados sdo divergentes. Em estudo randomizado e com cruzamento, Ros
et al 2 comparou o efeito de uma dieta mediterranea e de uma dieta rica em nozes,
importante fonte de AGPI, em 21 pacientes com hipercolesterolemia, por um periodo de
quatro semanas cada uma. Foi observada uma melhora da fun¢do endotelial na dieta rica
em AGPI, além de reduzir os niveis de VCAM-1 e de colesterol total e colesterol LDL;
achado este ndo observado apds a dieta rica em AGMI 2 Jda ingestdo aguda de AGMI
pode estar associada a piora da funcdo endotelial. Em estudo recente realizado por
Cortés et al >, a DMF reduziu apos a refeicdo com 6leo de oliva (rica em AGMI) tanto
em individuos sauddveis (-17%) quanto nos individuos hipercolesterolémicos (-36%), o
que nao foi observado apds a ingestdo de nozes, fonte de AGPI. De fato, outros autores
também observaram piora da funcdo endotelial apds ingestdo aguda de refei¢@o rica em
AGMI, em individuos saudaveis 31, tanto comparada a refeicoes ricas em AGS (4dcido
estedrico) 3 4, como a refei¢cdes ricas em carboidratos 33,

Ainda, em pacientes com DM tipo 2, outro estudo avaliou o efeito agudo de

AGMI e AGPI e foi observado que a ingestdo aguda do AGPI combinado com AGMI
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foi associada a aumento aproximado de 50 a 80% da DMF 4 horas apés, enquanto a
ingestio de AGMI isolada ndo resultou em modificacio da DMFE.*® Desta forma,
estudos de efeito agudo sobre a fungdo vascular mostram que dietas ricas em AGMI
podem ndo modificar ou mesmo diminuir a vasodilatagdo dependente do endotélio,
dependendo também da composicdo do outros dcidos graxos que também compdem a

dieta. ¥’

Acidos Graxos Poliinsaturados

Entre os principais AGPI provenientes da dieta estdo os AGPI n-6, sendo seu
principal representante o acido linoléico (18:2n6), e os AGPI n-3, dentre eles: o 4cido
linolénico (18:3n3), os 4cidos de cadeia longa eicosapentaendico (EPA:20:5n3) e o
docosahexaendico (DHA:22:6n3), além do acido de cadeia intermediaria alfa-linolénico
(ALA:18:3n3) que € convertido a EPA ou DHA. Os AGPI n-6 estao presentes em 6leos
vegetais liquidos, incluindo 6leo de soja, milho, girassol, dleo de agafrdo e d6leo de
semente de algoddo; enquanto os 6leos de linhaga e canola sdo ricos em AGPI n-3. O
EPA e o DHA estio abundantemente presentes em peixes € mariscos, sendo que peixes
como salmao, truta e arenque cont€ém um maior conteido destes AG do que os outros
peixes 3
Acidos Graxos Poliinsaturados n-3

A evidéncia do beneficio do consumo de peixe 3941

e/ou da suplementacdo de
AGPI n-3 ** sobre a reducdo do risco e da incidéncia de DCV em diferentes populacdes
¢ bem documentada em uma série de estudos. Os efeitos cardioprotetores dos AGPI n-3

sdo atribuidos a uma série de mecanismos, entre eles: efeito sobre os niveis de

triglicerideos séricos, coagulacdo, inflamagdo vascular, variabilidade da freqiiéncia
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cardiaca, vasodilatacdo dependente do endotélio, metabolismo dos eicosandides e ainda
sobre a estabilidade das placas aterosclerdticas.

Quanto a funcdo endotelial, estudos observacionais em individuos saudaveis s
ou em individuos de maior risco ** demonstram claramente a associacdo inversa entre a
ingestdo de AGPI n-3 e marcadores de ativacdo endotelial ou de inflamacdo. No
entanto, ainda nao esta claro se este efeito € diferenciado nos homens e nas mulheres, ou
ainda possa variar de acordo com a origem étnica. Em um estudo transversal bem
recente realizado com mais de 3045 adultos, sem histdria de DCV prévia, foi encontrada
uma associacdo negativa entre o maior quartil de ingestdo de peixe ndo-frito e o
diametro basal da artéria braquial nos homens, quando comparados com os individuos
no menor quartil de ingestio de peixe *°. Considerando que o menor didmetro basal da
artéria braquial tem sido associado a uma menor incidéncia de eventos cardiovasculares,
esta seria uma associagdo benéfica. J4 nas mulheres, observou-se apenas uma
associacdo negativa entre a maior ingestdo de peixe e a DMF, sugerindo que nestas o
efeito benéfico da carne de peixe sobre a funcio endotelial ndo esteja presente.

Estudos com suplementagdo de AGPI n-3 em diferentes doses, em individuos
com dislipidemia 14 DM * ou ainda com doenca vascular periférica . durante
periodos variados (de 2 semanas até 8 meses), demonstram beneficio sobre a
concentracdo de moléculas de adesdo soldveis no plasma, assim como sobre a
vasodilatacio  endotélio-dependente. Também em individuos sauddveis, a
suplementagdo com EPA mais DHA levaram a melhora na fung¢do endotelial estudada
através da infusdo de acetilcolina ** ou DMF *.

Virios sdo 0s mecanismos possiveis que explicam o efeito benéfico dos AGPI n-
3 sobre a fungdo vascular. Entre eles, o aumento da fluidez da membrana das células

endoteliais, aumento da atividade da enzima 6xido nitrico sintase e diminuicdo da
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resposta inflamatdria, ambos através da sua incorporacdo na membrana celular
endotelial (especialmente o DHA), e ainda através da modulacdo da via dos
eicosandides *°. No entanto, ainda sdo necessdrios ensaios clinicos randomizados e
controlados, especialmente de longo-prazo, para melhor determinar os diferentes efeitos
da composi¢cdo de AGPI da dieta sobre a funcdo endotelial tanto em individuos

sauddveis como em pacientes com complicagdes vasculares ou metabdlicas.

Acidos Graxos Trans

A gordura trans, resultante da hidrogenacido de Oleos vegetais estd presente em
grandes quantidades em alimentos industrializados como margarinas, biscoitos e
salgadinhos. Estudos epidemioldgicos prospectivos sustentam o papel do AG trans
como fator de risco estabelecido de DCV. A magnitude desta associagdo ¢é
consideravelmente mais forte do que a associag¢do entre DCV e AGS, devido aos seus
efeitos no perfil lipidico com aumento do colesterol LDL e triglicerideos e reducdo do
colesterol HDL ' *2,

Em 2005, Oh et al * examinou a associacdo da gordura da dieta e incidéncia de
doenca aterosclerdtica em mais de 78 mil mulheres previamente higidas durante 20
anos. Foi encontrada uma associagdo positiva significativa entre ingestdo de AG trans e
risco de doenga arterial coronariana, independente de outros fatores de risco tradicionais
de DCV, principalmente em mulheres com menos de 65 anos. 13

Evidéncias recentes indicam também que o AG frans promove a inflamacao e leva
a disfuncdo endotelial 334 Maior ingestdo do AG trans esteve correlacionada com
varios marcadores de disfuncdo endotelial como moléculas de adesdo-1, E-selectina e

PCR em um grupo de mulheres sem DCV prévia, mesmo apds ajuste dos principais

fatores de risco tradicionais. Apods ajuste para idade, os niveis de ICAM-1, VCAM-1 e
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Selectina-E foram 10,10 e 20% maiores respectivamente comparando-se os extremos de
quintis de ingestdo desse tipo de gordura >°.

Em estudos de intervengdo, viu-se que apds cinco semanas de uma dieta
enriquecida com AG trans (8% do VCT), houve um aumento nos niveis de Selectina-E
quando comparados com dietas isocaldricas enriquecidas com carboidratos, AGMI,
4cido estedrico ou AGS de cadeia curta em homens previamente higidos *. Além disso,
de Ross mostrou em 2002 que o consumo de uma unica refei¢do enriquecida com AG
trans ou AGS teve repercussio adversa similar na DMF da artéria braquial no periodo
p6s-prandial *°. Em estudo prévio de maior duragdo, a mesma autora demonstrou que
suplementag@o de AG trans por 4 semanas (9,2% do VCT) significativamente diminuiu
o colesterol HDL (21%) e a DMF da artéria braquial (29%) quando comparada a uma
dieta com equivalentes calorias ricas em AGS ~.

Assim, estudos observacionais e de intervencdo mostram o papel determinante
desse tipo de gordura tanto como promotor da inflamagdo como na piora da fungdo

endotelial, mesmo quando comparado com a ingestdo de AGS 2

Consideracoes Finais

Apesar de todo avango nas propostas farmacoldgicas para prevencdo da
progressdao do processo aterosclerdtico cardiovascular, que tem como seu precursor a
disfuncdo endotelial, a intervencdo dietética persiste como medida primordial no
manejo desta complicacdo. Consideracoes de estudos epidemioldgicos e de intervengdo
sugerem um efeito adverso do AGS e da gordura trans na funcido endotelial,
aumentando a ativacdo endotelial através da expressio de moléculas de adesdo e
diminuindo a vasodilatacdo dependente do endotélio. J4 os AGPI n-3 tem efeito

benéfico na modulacdo da funcdo endotelial. O papel dos AGMI sobre a funcdo
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endotelial é ainda controverso. E, finalmente, a quantidade da gordura total por si s6 ndo
parece ser tdo determinante na funcdo vascular a longo-prazo quanto a composi¢do
destas gorduras. Deve-se ressaltar que a modificacdo da composicdo de dcidos graxos
da dieta implica obrigatoriamente na manipulacdo de mais de um componente para
manter o valor energético, dificultando, portanto, a interpretacdo do papel de cada dcido
graxo isoladamente sobre a funcio endotelial. Além disso, sao ainda necessérios ensaios
clinicos randomizados, especialmente de longo-prazo, que melhor evidenciem os
diferentes efeitos da composicio de AG da dieta e seus mecanismos, sobre a funcdo
vascular, para que seja base de conhecimento e de construcdo de recomendagdes

alimentares.
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Abstract
Objective — To evaluate the possible association between dietary fatty acid composition
and the presence of endothelial dysfunction in type 2 diabetic patients.
Patients and Methods — This cross-sectional study evaluated type 2 diabetic patients
that were submitted to nutritional (completing three-day weighed diet records — WDR
and anthropometric measures) and clinical evaluation (evaluation of metabolic and
blood pressure control, detection of chronic complications of DM and cardiovascular
evaluation). The presence of endothelial dysfunction was assessed by ultrasound of
endothelial-dependent flow-mediated vasodilation (FMD) of the brachial artery.
Results — Eighty-four patients were evaluated (age: 63 £ 9 years; 64% male). The
observed median endothelium—dependent FMD was 5.55% (1.19 — 20.10) and the mean
endothelium-independent vasodilation after nitroglycerin was 17.29 £+ 6.05%. In
multiple linear regression analyses, log-transformed FMD (dependent variable) were
inversely associated to dietary trans fatty acids (TFA) intake (B -Standardized
Coefficients = -0.387; P = 0.001; R2 = 0.271, P = .001), and to the presence of diabetic
nephropathy (B -Standardized Coefficients = -0.235; P = 0.04), adjusting to systolic
blood pressure, adequacy of WDR, gender and waist circumference. In a multivariate
logistic regression analysis with lower FMD (median FMD < [5.55 %]) as a dependent
variable, dietary TFA intake (OR =7.89; 95% CI: 1.85 to 33.7; P = 0.005) and presence
of diabetic nephropathy (OR = 4.77; 95% CI: 1.37 to 16.6; P = 0.014) were positively
associated with lower FMD, adjusted for waist circumference, adequacy of WDR,
gender and systolic blood pressure.
Conclusion— In patients with type 2 diabetes, a higher intake of TFA is inversely
associated with endothelial function assessed by ultrasound of the brachial artery,

independently of other cardiovascular risk factors.
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Introduction

Atherosclerotic coronary artery disease is a major cause of morbidity and
mortality in patients with diabetes mellitus !, Patients with type 2 diabetes have a two to
three times greater incidence of cardiovascular disease (CVD), and macrovascular
complications are twice as frequent as microvascular complications in these patients 23,
Coronary artery disease occurs more frequently and more severely in patients with
diabetes compared to non-diabetic patients 3. This condition is largely explained by the
higher prevalence of traditional risk factors among patients with diabetes, including
obesity, dyslipidemia and hypertension *.

Atherosclerosis may be regarded as the long-term consequence of a chronic
inflammatory condition of large arteries, in which endothelial dysfunction plays a key
role °. Endothelial dysfunction is characterized by the presence of increased permeation
of macromolecules, increased or decreased production of vasoactive factors producing
vasoconstriction/vasodilatation, and by increased prothrombotic and/or procoagulant
activity, but also by blunting of the vasodilatory response to acetylcholine or hyperemia,

°  Flow-

which are known causative factors of nitric oxide-dependent vasodilation
mediated vasodilation (FMD) of the brachial artery is considered one of the most
reliable assessments of endothelium-dependent vasodilation and also a surrogate
measure of nitric oxide production .

There has been a growing interest in the role of nutritional factors, especially the

fatty acids (FA) intake, in modulating endothelial function 8

. In particular, ®-3
polyunsaturated fatty acids (PUFA) appear to have beneficial effects on vascular
endothelial function, either by decreasing endothelial activation or by improving

endothelium-dependent vasodilation in patients at high risk of CVD as well as in

healthy subjects °. Otherwise, the effect of dietary trans fatty acids (TFA) and saturated
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fatty acids (SFA) on markers of inflammation have been implicated in increasing the
risk of CVD and endothelial dysfunction in non-diabetic patients .

FA composition in the diet has been associated both with the development of type
2 diabetes '' and with its chronic macrovascular complications 1213 Most of the studies
that analyzed the association between FA composition of diet and vascular function in
diabetic patients, evaluated only their acute effects on endothelial function 115 we
demonstrated previously that, in type 2 diabetes patients, the serum FA composition
was independently related to endothelial function evaluated by serum endothelin-1 (ET-
1). SFA were associated with endothelial dysfunction (high levels of ET-1), whereas
PUFA had a protective role in endothelial function '°. Therefore, this study was
conducted to evaluate the possible association between dietary FA composition and
endothelial dysfunction assessed by ultrasound of endothelial-dependent FMD of the

brachial artery.
Research design and methods

Patients

Patients with type 2 diabetes (World Health Organization criteria) 17 attending
the Endocrine Division’s outpatient clinic at Hospital de Clinicas de Porto Alegre,
Brazil, were consecutively recruited based on the following criteria: non-smokers, body
mass index (BMI) < 40 kg/m?, triglycerides levels <400 mg/dl, serum creatinine < 1.5
mg/dl and normal liver and thyroid function. Exclusion criteria were the presence of
heart failure (class III or IV), an acute cardiovascular event in the preceding 6 months,
uncontrolled blood pressure, use of phosphodiesterase type 5 inhibitors for erectile
dysfunction, presence of other renal disease except diabetic nephropathy and severe

autonomic neuropathy. Treatment with antihypertensive and oral antidiabetic agents
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was maintained during the study. Hypolipidemic agents were temporarily discontinued
six weeks before, when possible. This study followed a cross-sectional trial design. The
local Ethics Committee approved the protocol, and patients gave their written informed

consent.

Methods

Clinical evaluation

Eligible patients entered a run-in period, during which they underwent a clinical
and laboratory evaluation. The clinical evaluation consisted of blood pressure
assessment, renal and cardiovascular evaluation. During the run-in period, if necessary,
changes in medication were prescribed to obtain a good glycemic and blood pressure
control as best as possible. Thereafter, participants were instructed to maintain their
medications and usual physical activities and not to make any marked changes in
lifestyle throughout the study period.

Sitting blood pressure was measured twice to the nearest 2 mm Hg after a 10-
min rest by using a digital sphygmomanometer (OMRON ® Automatic Blood Pressure
Monitor, Model HEM-705CP, Vernon Hills, Illinois 60061), to evaluate blood pressure
control. Hypertension was defined as blood pressure > 140/90mmHg on at least 2
separate occasions or use of antihypertensive drugs '8 Renal function was evaluated by
serum creatinine and 24-h urinary albumin excretion (UAE) 1 Microalbuminuria and
macroalbuminuria were considered to be present when urinary albumin excretion was
30 and 300 mg and > 300 mg, respectively, at least twice in a 6-month period ***,
Cardiovascular evaluation consisted of applying the World Health Organization

2 .
. Exercise

cardiovascular  questionnaire and resting electrocardiogram
electrocardiogram testing or radionuclide myocardial perfusion imaging (exercise or

pharmacological — dipyridamol) were done, when indicated, to evaluate the presence of
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myocardial ischemia . Peripheral vascular disease was evaluated through questions
about the presence of intermittent claudication and/or absence of posterior tibial pulse.
The presence of diabetic retinopathy was evaluated by direct funduscopy with mydriasis
and the patient was classified as: normal funduscopy, non-proliferative diabetic
retinopathy and proliferative diabetic retinopathy )

Physical activity was evaluated applying a standard questionnaire according to
Tuomilehto et al *. A patient was considered sedentary when his habitual daily
activities corresponded to level 1 of the questionnaire to evaluate the proposed physical
activity. Level 2 corresponded to mild activity, level 3 to active individuals and level 4
to very active individuals.

Endothelial function assessment

Patients underwent assessment of endothelium—dependent FMD, according to
Guidelines for the Ultrasound Assessment of Endothelial-Dependent Flow-Mediated
Vasodilation of the Brachial Artery % Patients were advised to not exercise or ingest
substances that might affect FMD such as caffeine and vitamin C, and after an overnight
fast, subjects were kept quiet for 5 minutes before FMD measurement. Ultrasound
systems were equipped with vascular software for two-dimensional imaging, color and
spectral Doppler and an internal electrocardiogram monitor, image resolution was
enhanced with a broad-band (multiple-frequency: 7 to 12 MHz) linear array transducer.
The brachial artery was imaged above the antecubital fossa in the longitudinal plane. To
create a flow stimulus in the brachial artery, a sphygmomanometric (blood pressure)
cuff was first placed either above the antecubital fossa or on the forearm. A baseline rest
image was acquired; thereafter, arterial occlusion was created by cuff inflation to
suprasystolic pressure. Typically, the cuff is inflated to at least 200 mm Hg for 5

minutes to occlude arterial inflow for a standardized length of time. This causes
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ischemia and consequent dilation of downstream resistance vessels via autoregulatory
mechanisms. Subsequent cuff deflation induces a brief high-flow state through the
brachial artery (reactive hyperemia) to accommodate the dilated resistance vessels. The
resulting increase in shear stress causes the brachial artery to dilate. The longitudinal
image of the artery was recorded continuously from 30 s before to 2 min after cuff
deflation. At least 10 min of rest were needed after reactive hyperemia before another
image was acquired to reflect the reestablished baseline conditions. An exogenous nitric
oxide donor, such as a single high dose (0.4 mg) of nitroglycerin spray had been given
to determine the maximum obtainable vasodilator response, and to serve as a measure of
endothelium-independent vasodilation reflecting vascular smooth muscle function. Peak
vasodilation occurs 3 to 4 min after nitroglycerin administration.

In order to determine intraobserver variability of FMD, we recruited 9 otherwise
healthy adults (4 men). Each participant was tested after a 12-h fast on three occasions,
separated by 1 week. Because hormonal fluctuations across the menstrual cycle affect
endothelial function, the women were examined during the early follicular phase of
three consecutive menstrual cycles. The coefficient of variation of FMD measurements

was 4 +1 %.

Nutritional Assessment

The nutritional evaluation consisted of performing anthropometric measures and
completing the weighed diet records (WDR). The anthropometric measures comprised
weight (in light clothes and without shoes), height and waist circumference (measured
at the mid-point between the last rib and the iliac crest); an anthropometric scale and
flexible nonstretch fiberglass tape being used for this 7,

The patients were instructed to perform a 3-day WDR, as previously reported .

Briefly, the patient's usual diet was assessed on 2 nonconsecutive week days and 1
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weekend day. Patients were issued commercial scales (1-125 g) and measuring cups
(25-250 mL), and a detailed explanation and demonstration were given to each subject.
Compliance with the weight record technique, besides an interview with the nutritionist,
was confirmed by comparison of daily protein intake estimated from the 3-day WDR
and from 24-h urinary urea. The protein intake estimated by 24-h urinary urea was
calculated by using the following formula: Protein intake (g/d) = nitrogen intake x 6.25.
The nitrogen intake was estimated by urinary urea nitrogen (=urinary urea / 2) +
nonurea nitrogen (= 0.031g/kg current weight), assuming that patients were in nitrogen
balance *°. The urine collections were considered adequate when the value of urinary
creatinine was: in women, 700 to 1500 mg/24 hours and in men, 1000 to 1800 mg /24
hours *'.

Foods consumed in the 3-day WDR were analyzed using Nutribase 2007
Clinical Nutritional Manager software (version 7.14-Cybersoft Phoenix, AZ). The main
dietary nutrients were analyzed. The mean values of each nutrient consumed during the
three days of WDR were calculated. Nutrient data on frequently consumed foods were
updated if necessary 0 Diet composition was expressed as a percentage of total daily
energy for macronutrients or as an absolute amount. Alcohol intake was assessed by a
semi-quantitative dietary frequency questionnaire.

Laboratory measurements

Blood samples were collected after a 12-hour overnight fast. Glycemic control
was evaluated through plasma glucose (glucose-peroxidase colorimetric enzymatic
method — Biodiagnostica kit) 1 and glycated hemoglobin (by ion-exchange high-
performance liquid chromatography; in a Merck-Hitachi L-9100 glycated hemoglobin
analyzer; reference range: 4.7%-6.0%; Merck, Darmstadt, Germany) 32 The lipid

profile consisted of the measurement of total cholesterol (TC) ** and triglycerides (TG)
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3 using a colorimetric method, and High-density lipoprotein (HDL) cholesterol using
the direct enzymatic method. Low-density lipoprotein (LDL) cholesterol was calculated
using the Friedewald formula 33 (LDL = TC — HDL - TG/5). Serum creatinine was
measured by the Jaffé method % and urea by the kinetic method [SAVAL Urinary
albumin was measured in 24-hour timed sterile urine samples by immunoturbidimetry
(Sera-Pak immunomicroalbuminuria; Bayer, Tarrytown, NY).

For the measurement of plasma ET-1, venous blood (5 mL) was drawn and put
into a refrigerated tube containing EDTA. Serum and plasma were separated after
centrifugation at 1500g and 4°C for 15 minutes, and stored at —80°C for later
measurements. ET-1 was measured by enzyme-linked immunosorbent assay using a
commercial kit (R&D Systems, Minneapolis,MN). Fibrinogen was measured by a
coagulometric method (STA Compact, Cedex, France) and serum C-reactive protein
(CRP) by nephelometry (reference range, 1-4 mg/L).

Statistical analysis

Pearson or Spearman correlation coefficients were used for testing the
relationships between the FMD and clinical, laboratory and dietary intake
characteristics. Multiple linear regression models were carried out to test the association
of FMD (dependent variable) and factors with possible biological relevance or
significance at univariate analysis. All independent variables selected were added in a
single step. Different selected dietary fatty acids were included as independent variables
in each model, one at a time.

Because of the lack of a well established cutoff point of FMD to define
endothelial dysfunction in diabetic individuals, the patients were stratified according to
the median FMD in the present sample. The Student t or Mann-Whitney test for

independent continuous variables and the Exact Fisher or Chi-Square test for categorical
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variables were applied as indicated. Factors associated with endothelial dysfunction
were assessed using multivariate logistic regression models, and results were described
using odds ratios (OR) and their 95% confidence interval (CI).

Variables with non-Gaussian distribution (FMD, plasma TG, CRP and UAE)
were log transformed before analysis. P values < 0.05 were considered significant.
Results were expressed as mean + SD or median (range). SPSS software (version 16.0;
SPSS, Chicago, IL) was used for the analyses.

As the intra-individual variability of lipid intake may influence both the
interpretation of the patients’ information from dietary assessment methods and the
association of nutrients with chronic diseases 38, the intra-individual coefficients of
variation of dietary fatty acid proportions were calculated using the data of each day of

the 3-day WDR. All of the analyses were adjusted to this variable.

Results

Patients

Eighty-nine patients were eligible for the study. Four patients were excluded
because of technical difficulties and one because of non-acceptance to submit to
ultrasound exam. Thus, eighty-four patients (54% male) were included in the study and
performed the clinical, endothelial and nutritional evaluation. The mean age of the
patients was 63 + 9 years, the mean duration of diabetes was 17 + 8 years and the mean
BMI was 29.1 £+ 4.1 kg/mz. Seventy-one (84.5%) subjects had hypertension and 32
(38.1%) subjects had diabetic nephropathy. All participants were nonsmokers.
Regarding the presence of macrovascular disease, 23 (27.4%) patients had coronary
heart disease, 10 (11.9%) had a history of stroke or transitory ischemic attack and 3

(3.6%) subjects had peripheral vascular disease. In endothelial function assessment, the
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observed median endothelium—dependent FMD was 5.55% (1.19 — 20.10) and the mean
endothelium-independent vasodilation after nitroglycerin spray was 17.29 + 6.05%.
When the patients were separated according to the median of FMD (group with
lower FMD [<5.55 %] and group with higher FMD [> 5.55 %]), no difference was
observed in relation to gender, age, duration of diabetes, presence of hypertension and
macrovascular disease (Table 1). The group with higher FMD presented a lower
proportion of patients with diabetic nephropathy, when compared with the group with
lower FMD, but did not reach statistical significance. However, when the patients with
normo-, micro- and macroalbuminuria were separately analyzed, the proportion of
patients with lower FMD in these groups was 37.3%, 65.4% and 83.3%, respectively (p
for trend=0.04). Furthermore, UAE values were significantly higher in patients with
lower FMD as expected. Systolic blood pressure (SBP) values were lower in the
patients with higher FMD, but not the diastolic blood pressure (DBP) values. When the
patients were separated by gender, the waist circumference was higher in men with

3 9, the

lower FMD, but not in women. Regarding the presence of metabolic syndrome
prevalence was 83.3% in the patients with lower values of FMD and 71.4% in patients
with higher FMD, but did not reach statistical significance (p=0.297).

In relation to angiotensin-convertin enzyme inhibitor drugs, statin and
acetylsalicilic acid use and type of treatment for diabetes (oral antidiabetic agents alone,
insulin alone or both), no difference was observed between the patients with higher and
lower FMD. Also, no difference was observed in the proportion of sedentary patients
between the groups (41.5% vs. 60% in the group with lower and higher FMD,
respectively; p=0.121).

Regarding laboratory characteristics, the group with lower FMD presented

higher values of plasma triglycerides, but did not reach statistical significance

42



(P=0.052). No difference was observed between the groups in relation to glucose
control, total, HDL and LDL cholesterol. In relation to inflammatory and endothelial
function markers, the plasma level of ET-1 and fibrinogen were similar in the groups.

CRP values were significantly higher in patients with lower FMD.

Patients’ diet characteristics

The mean daily dietary intake of the patients assessed by 3-day WDR was as
follows: total energy = 1803 + 448 kcal, carbohydrates = 46 + 7%, proteins = 20 = 5 %
and lipids = 35 £ 7%, which is comprised of 10 = 2% of SFA, 12 + 3% of
monounsaturated fatty acids (MUFA) and 10 + 4% of PUFA. The intake of TFA was
1.0 £ 0.5%, the cholesterol content was 208 + 90 mg/day and polyunsaturated/saturated
ratio (P/S) was 1.04 + 0.48.

When diet characteristics of patients with higher and lower FMD were
compared, no difference was observed between the groups, except energy and TFA
content. The patients with lower FMD had a higher daily energy intake, as with the TFA
content (Table 2).

Regarding compliance with the weight record technique, there was no difference
in the proportion of plausible reporting WDR (defined as a ratio of protein intake
estimated from the 3-day WDR to protein intake estimated by 24-h urinary urea from
0.79 to 1.26) between the groups with higher and lower FMD (64.3% vs. 71.4%; p =
0.320).

Associations between FMD and clinical and nutritional characteristics

In the analyses of correlation coefficients between FMD and clinical variables,
waist circumference in men and SBP in all patients were negatively associated with

FMD. In relation to laboratory measurements, serum HDL cholesterol was positively

43



correlated with FMD, while serum triglycerides and UAE were negatively correlated
with FMD. As expected, CRP values were also negatively correlated with FMD (Table
3).

When dietary characteristics were analyzed, the TFA content was negatively
correlated with FMD (Table 3 and Figure 1). No correlation was observed between
FMD and the intake of other nutrients. When the correlation coefficients between FMD
and dietary FA intake (SFA, PUFA and MUFA) as well as P/S ratio were analyzed
adjusted to intra-individual coefficients of variation of each FA intake, the results were
similar.

Multiple linear regression analyses were performed with log-transformed FMD
as the dependent variable and dietary TFA intake, SBP, presence of diabetic
nephropathy, adequacy of WDR, gender and waist circumference as independent
variables. The dietary TFA intake remained significantly associated with FMD (f -
Standardized Coefficients = -0.387; P = 0.001; R2 = 0.271, P = .001), and also the
presence of diabetic nephropathy (B -Standardized Coefficients = -0.235; P = 0.04).
Another model was constructed with log-transformed FMD as the dependent variable,
and with dietary TFA intake, HDL cholesterol, UAE, triglycerides, and waist
circumference as independent variables. Only dietary TFA intake remained significantly
associated with FMD (B -Standardized Coefficients = -0.360; P = 0.002; R2 = 0.208, P
=0.006).

Factors associated with lower FMD (< 5.55%) were also evaluated using a
multivariate logistic regression model. Dietary TFA intake (OR = 7.89; 95% CI: 1.85 to
33.7; P = 0.005) and presence of diabetic nephropathy (OR = 4.77; 95% CI: 1.37 to
16.6; P = 0.014) were positively associated with lower FMD, adjusted for waist

circumference (OR = 1.02; 95% CI: 0.96 to 1.08; P = 0.609), adequacy of WDR (OR =
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0.68; 95% CI: 0.20 to 2.3; P = 0.542), gender (OR = 0.70; 95% CI: 0.22 to 2.24; P =

0.55), and SBP (OR = 1.04; 95% CI: 0.99 to 1.08; P = 0.07).

Discussion

In the present study, dietary TFA intake was negatively associated with FMD in
type 2 diabetic patients. It was observed that the increase of 1% of TFA content of daily
diet’s energy would increase almost 8 times the risk to present a lower FMD, which was
defined as a value lower than the median of this sample of patients (5.55%). This
association was present even after adjustment to many other variables that classically
could influence the presence of endothelial dysfunction. Very few studies have analyzed
the association of dietary FA and endothelial function in patients with diabetes and, as
far as we know, there are no data about the association of TFA intake and endothelial
dysfunction in these patients.

These observations are in agreement with several studies that were done with
individual without diabetes, that suggest that TFA intake could adversely affect
endothelial function. Lopez-Garcia observed that, after adjustment for other risk factors,
higher TFA intake was associated with increased levels of several markers of
endothelial dysfunction, including soluble intercellular adhesion molecule 1, soluble

8 In

vascular-cell adhesion molecule 1, and E-selectin in apparently healthy women
another trial, consumption of TFA impaired FMD of the brachial artery by 29 percent,
after replacement of dietary SFA by TFA in 29 volunteers after 4 weeks Y However,
the same author found, one year latter, that FMD was not impaired and not different

after test meals with SFA or TFA in postprandial measurements that were done 3 hours

after the end of the test meal. The authors suggest that the impairment of FMD after 4
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weeks consumption of a diet rich in TFA would be mediated by a decrease in the HDL-
cholesterol *'.

On the other hand, in the present study, the association between TFA intake and
endothelial dysfunction was also present independently of lipid profile, i.e., even after
adjustment to plasma triglycerides and HDL cholesterol. This observations could
partially explain why the positive relation between TFA intake and cardiovascular risk is
greater than could be predicted based solely on its adverse effects on lipids.

As to SFA intake, the present study did not demonstrate an association with
impaired endothelial function. Some studies with non-diabetic or diabetic patients had
shown an association of SFA intake and deterioration of endothelial function; however,

these studies analyzed only the acute effects of this FA intake '>**

or analyzed the short-
term effects of SFA intake in substitution with other nutrients, such as MUFA, PUFA or
carbohydrates *_ Furthermore, in cross-sectional studies with non-diabetic patients, a
relationship between endothelial dysfunction and serum SFA proportions was also
observed, the latter being adopted as a biomarker of SFA intake 45 This finding is in
agreement with a previous study performed by our group with type 2 diabetes patients.
Perassolo et al observed a positive correlation between serum SFA and serum levels of
ET-1, a marker of endothelial dysfunction 16, even after adjustment for traditional risk
factors. However, these studies also have some methodological aspects that differ from
the present one and might explain the discrepancy between the findings. First, in these
studies the endothelial function was evaluated by different techniques (CRP,
plethysmography or ET-1) and, second, the FA intake was analyzed through the
measurement of serum FA composition as a biomarker. Even if the correlation analyses

between the dietary FA compositions and FMD are adjusted to the intra-individual

coefficient of variation of each FA, it is known that the dietary assessment tools are
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subject to reporting biases that can underestimate the associations between nutrients and
diseases.

The present study also did not demonstrate an association between MUFA and
endothelial function, that is in agreement with other studies on diabetic patients, both
analyzing the acute effects of high-MUFA diets ' and analyzing the association of
serum FA composition with ET-1 in a cross-sectional design 6

Finally, the present study also did not demonstrate an association between

dietary PUFA content and FMD in type 2 diabetes patients. Some cross-sectional 4647

. . . 548
and interventional studies ™

, the latter with long-chain PUFA (eicosapentaenoic acid -
EPA plus docosahexaenoic acid -DHA) supplementation, all conducted with non-
diabetic individuals, had shown beneficial effects of these FA on endothelial function.
However, again, some of them were done measuring serum FA composition, or, in the
case of interventional studies, the PUFA intake was much higher than in the present
study. Actually, our population has a low intake of PUFA, especially n-3 PUFA,
because of the low intake of marine sources, and this can underestimate a possible

1 16, an association was observed between

association. In the study of Perassolo et a
serum linoleic acid, the principal component of serum PUFA, and ET-1. However in
this study, dietary FA composition was not analyzed.

Otherwise, On the other hand, recently, in 3045 adults free of cardiovascular
disease, Anderson et al * investigated an association of brachial artery measures with
fish intake, ascertained with a food-frequency questionnaire, and plasma phospholipid
omega-3 concentrations, and observed different results. When the patients were
stratified by sex, there was an association between the highest quartile of non-fried fish

consumption and a 0.10-mm lower brachial artery diameter in men, suggesting a

beneficial effect of fish intake. But in women, only an inverse association between the
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highest quartile of non-fried fish consumption and FMD was observed, signifying a
harmful effect on endothelial function. These observations advocate that the effects of
dietary PUFA content on endothelial function might be diverse between the sexes.

In addition, we observed that UAE values were significantly higher in patients
with lower FMD as expected, since microalbuminuria reflects subclinical vascular
damage in the kidney and may also mean systemic endothelial dysfunction that in itself
predisposes to cardiovascular events %0,

One advantage of the present study was to evaluate endothelial function by
ultrasound assessment of FMD. Several studies suggest that the presence of endothelial
dysfunction in the coronary circulation is an independent predictor of cardiovascular
disease events “°. Anderson et al showed that brachial vasodilator response to reactive
hyperemia assessed by an ultrasound technique is closely related to the coronary
vasodilator response to acetylcholine >l FMD is currently the standard for noninvasive
assessment of conduit artery endothelial function because there is considerable clinical
trial experience, validation, a firm link to biology, and association with cardiovascular
events .

Studies examining the effect of dietary nutrients on endothelial function are
clinically relevant in subjects with type 2 diabetes, who are especially vulnerable to
cardiovascular complications. A potential limitation to be considered in the present
study was that no biological marker of dietary FA intake was used, such as the
measurement of serum FA composition, already validated in patients with type 2

diabetes .

The use of biological markers can offer more precise information
concerning the food records and reinforce the association between the composition of

the dietary FA and a given disease >*. Another limitation is that it is a cross-sectional

study that provides the description of the association between the dietary FA
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composition and endothelial function and does not establish a cause and effect
relationship between these variables. Finally, maybe the sample size could be prevented
from finding an association between other nutrients and endothelial dysfunction.

In conclusion, in type 2 diabetes patients, the dietary TFA intake was
independently related to endothelial dysfunction evaluated by ultrasound assessment of
endothelial-dependent flow-mediated vasodilation of the brachial artery; but because of
the cross-sectional design of this study, it is not possible to conclude that TFA regulate
endothelial function. Future studies also analyzing serum FA composition as a
biomarker of dietary FA and randomized clinical trials with interventions in these

nutrients may support these observations.
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Table 1. Clinical and laboratory characteristics of patients with type 2 diabetes

divided according to median flow-mediated vasodilation (FMD) in ultrasound

assessment of the brachial artery.

FMD > 5.55 FMD < 5.55 p
(n=42) (n=42)

Gender (% male) 45.2 61.9 0.095
Age (years) 62+9 65+38 0.162
Duration of diabetes (years) 18+9 16 +7 0.529
Hypertension (%) 81 88 0.55
Diabetic Nephropathy (n [%]) 23.8 53.7 0.07
Macrovascular disease (%) 28.6 50 0.073
Statin use (%) 42.9 50 0.662
Acetylsalicylic acid use (%) 73.8 90.5 0.085
SBP(mmHg) 136 + 14 145 15 0.005
DBP (mmHg) 789 77+ 38 0.627
BMI (kg/mz) 29.1+£4.5 289 +3.8 0.083
Waist Circumference (cm)

Men 100 +7 106 + 8 0.032
Women 99 £+ 13 98 £8 0.720

Laboratory Measurements

Fasting Plasma Glucose (mg/dL) 146 + 54 160 + 62 0.255
Alc test (%) 81+1.6 80+1.6 0.832
Total Cholesterol (mg/dL) 189+ 50 187 + 48 0.824
HDL Cholesterol (mg/dL) S4+14 49 + 13 0.128
LDL Cholesterol (mg/dL) 109 £41 101 £43 0.366
Triglycerides (mg/dL) 99 (46 — 302) 163 (42 — 508) 0.052
Endothelin-1 (pg/ml) 1.1+0.37 12+04 0.370
Fibrinogen (mg/dl) 439.7 £ 101 414.8 £89.4 0.241
CRP (mg/L) 1.4 (0.2-8.6) 2.6 (0.4-9.86) 0.016
UAE 7.8 (0-315) 21.8 (0 - 1590) 0.012

FMD: flow-mediated vasodilation; SBP: Systolic blood pressure; DBP: Diastolic blood
pressure; BMI: body mass index; Alc test: glycated hemoglobin; CRP: C-reactive protein;

UAE: urinary albumin excretion
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Table 2. Dietary intake characteristics of patients with type 2 diabetes divided

according to median flow-mediated vasodilation (FMD) in ultrasound assessment of the

brachial artery.

Dietary Intake FMD > 5.55 FMD < 5.55 p
(n=42) (n=42)
Energy (Kcal) 1698 + 342 1909 + 517 0.030
Carbohydrates (% of energy) 46 +8 46 £6 0.711
Proteins (% of energy) 20£6 20+4 0.492
Lipids (% of energy) 35+8 34+6 0.735
Saturated FA (% of energy) + 10 + 0.405
Monounsaturated FA (% of 12 + 11+ 0.881
energy)
Polyunsaturated FA (% of energy) 105 9+3 0.310
P/S Ratio 1.1+0.5 09+04 0.116
Cholesterol (mg/day) 197 £ 89 219+£92 0.285
0.8+£04 1.2+0.5 0.004

Trans FA (% of energy)

FMD: flow-mediated vasodilation; FA

: fatty acid; P/S ratio: polyunsaturated/saturated ratio
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Table 3. Correlation coefficients between flow-mediated vasodilation (FMD) and
clinical, laboratory and diet characteristics in type 2 diabetes patients.

Correlation coefficient

with FMD (r) P
Age (years) -0.090 0.417
Duration of diabetes (years) 0.037 0.742
BMI (kg/m?) - 0.063 0.571
Waist Circumference (cm)
Men -0.341 0.029
Women - 0.094 0.590
SBP(mmHg) -0.276 0,012
DBP (mmHg) -0.80 0.475
Laboratory Measurements
Fasting Plasma Glucose (mg/dL) -0.011 0.920
Alc test (%) 0.085 0.444
Total Cholesterol (mg/dL) 0.032 0.775
HDL Cholesterol (mg/dL) 0.283 0.009
LDL Cholesterol (mg/dL) 0.075 0.500
Triglycerides (mg/ dL) -0.245 0.025
Endothelin-1 (pg/ml) -0.073 0.521
Fibrinogen 0.107 0.340
CRP -0.278 0.016
UAE -0.234 0.033
Dietary Intake
Energy (Kcal) -0.153 0.166
Carbohydrates (% of energy) 0.008 0.941
Proteins (% of energy) 0.098 0.377
Lipids (% of energy) -0.062 0.572
Saturated FA (% of energy) -0.034 0.762
Monounsaturated FA (% of energy) -0.001 0.992
Polyunsaturated FA (% of energy) 0.003 0.977
P/S Ratio 0.061 0.584
Cholesterol (mg/day) -0.054 0.626
-0.383 0.000

Trans FA (% of energy)
FMD: Flow-mediated dilatation; BMI: body mass index; SBP: Systolic blood pressure; DBP:
Diastolic blood pressure; Alc test: glycated hemoglobin; CRP: C-reactive protein; UAE:
urinary albumin excretion; FA: fatty acid; P/S ratio: polyunsaturated/saturated ratio
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Acids (TFA) intake of type 2 diabetes patients
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Anexo I TERMO DE CONSENTIMENTO

O projeto de pesquisa intitulado “Associagcdo entre a composicdo de gorduras da
dieta usual e a presenca de disfungdo endotelial em pacientes com Diabetes Melito Tipo
2” serd desenvolvido no Servico de Endocrinologia do Hospital de Clinicas de Porto
Alegre.

O comprometimento do coracdo é uma complicagdo que ocorre frequentemente em
pessoas com diabetes melito. Sabe-se que esse comprometimento estd diretamente
associado com o padrio de alimentagdo do individuo. Este estudo visa analisar a relacdo
entre as gorduras sangiiineas (dcidos graxos), os habitos alimentares e os fatores ligados
ao aparecimento de problemas cardiovasculares em pacientes com diabetes melito tipo
2. Os fatores ligados aos problemas cardiovasculares que serdo estudados sdo
representados pela dificuldade da parede dos vasos sanguineos responderem a estimulos
de dilatacdo e contracdo que indicam tendéncia a inflamac¢do de um modo geral,
também denominado de disfuncdo endotelial.

Os pacientes com diabetes melito tipo 2 selecionados serdo avaliados por médico e
nutricionista. Nas consultas para avaliacdo dos registros alimentares, o paciente também
devera trazer uma coleta de urina e serd submetido a uma coleta de sangue em jejum.
Tais procedimentos ndo envolvem qualquer risco de vida para os pacientes. Apresentam
somente o desconforto da picada para retirada do sangue e exigem a dedicacdo para a
pesagem e preenchimento dos histéricos alimentares e para a coleta de urina.

Para medir as alteracdes da parede dos vasos sanguineos o paciente serd submetido a
uma avaliacio composta de exame fisico, além da realizacdo de um exame da artéria do
braco (ecografia) apés compressio do braco e uso de um medicamento em spray
(nitroglicerina). No exame da artéria do brago, podera haver leve dor de cabeca, tonturas
e mal-estar passageiro apds o medicamento que serd utilizado.

Nenhuma outra pessoa, além dos pesquisadores e de seus colaboradores diretamente
envolvidos no projeto, terdo acesso ao material proveniente da amostra de sangue.

Eu, oo, fui informado dos objetivos especificados acima e da justificativa
desta pesquisa de forma clara e detalhada. Recebi informagdes especificas sobre cada
procedimento no qual estarei envolvido, do desconforto ou riscos previstos tanto quanto
dos beneficios esperados. Todas as minhas diividas foram respondidas com clareza e sei
que poderei solicitar novos esclarecimentos a qualquer momento. Além disto, sei que
novas informacdes obtidas durante o estudo me serdo fornecidas e que terei liberdade de
retirar meu consentimento de participacdo na pesquisa face a estas informacdes. Sei
também que a qualquer momento poderei desistir de participar do estudo e esta decisdo
ndo acarretard prejuizo no meu atendimento médico assistencial.

O profissional Dr/Dra. .......cccceeiveieeneencne certificou-me de que as informacdes
por mim fornecidas terdo cariter confidencial. Fui informado que caso existam danos a
minha sadde causados diretamente pela pesquisa, terei direito a tratamento médico e
indenizacdo conforme estabelece a lei. Também sei que caso existam gastos adicionais,
estes serdo absorvidos pelo or¢camento da pesquisa.
AssInatura do PACIENLE: .......ceveiriirriiiniieniie ettt ettt
Assinatura do InVeStZAdOT: .......cccuiiiuieiiiriiniieeenteee et

Pesquisadora Responsavel: Dra.Themis Zelmanovitz/ Dra. Tanara Weiss
Telefone para contato: 2101.8127
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Anexo I QUESTIONARIO ROSE

A) Angina (dor no peito aos esforgos)
1.Vocé teve qualquer tipo de dor ou desconforto no peito?
Sim (1)

Nao (2). Se ndo, vé para o item C.

A partir daqui, se a resposta escolhida estiver marcada com asterisco v4 direto ao item B.

2. Tem dor quando sobe escada/ lomba ou caminha rapido?
Sim (1)
Nio (2) *
Nunca se apressa ou sobe degraus (3)
3.Vocé tem dor no peito quando caminha a passo normal em nivel plano?
Sim (1)
Nio (2)
4. O que vocé faz se tem a dor enquanto estd caminhando:
péra ou diminui a marcha (1)
continua caminhando igual (2) *
5. Se vocé permanece imével, o que acontece ?
a dor alivia (1)
a dor ndo alivia (2) *
6. Quanto tempo leva ?
10 minutos ou menos (1)
mais de 10 minutos (2) *
7. Pode me mostrar onde é a dor?
esterno regido superior ou média (1)
esterno na regido inferior (2)
torax anterior esquerdo (3)
braco esquerdo (4)
outra (s) (5)

8.Voce sente mais alguma coisa ?
Sim (1)
Nio (2)

B) Possivel IAM
9.Voct ja teve forte dor no peito por meia hora ou tempo mais prolongado?
Sim (1)
Nio (2)
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C) Claudicaciio Intermitente
A partir daqui, se a resposta escolhida estiver marcada com asterisco nenhuma outra pergunta é
necessaria
10. Vocé tem dores nas pernas ao caminhar ?
Sim (1). Nao(2) *
10") Em que perna?
Direita (1)
Esquerda (2)
11. Esta dor sempre inicia quando vocé estd imével ou sentado?
Sim (1) *
Nio (2)
12. Em que parte da sua perna vocé sente a dor?
a dor inclui a panturrilha (1)
a dor ndo inclui a panturrilha (1) *
se a panturrilha ndo for mencionada perguntar: Algum outro local mais?
13. Tem dor quando sobe escada/ lomba ou caminha rapido?
Sim (1)
Niao (2) *
14. Voce sente a dor quando caminha a passo normal em nivel plano?
Sim (1)
Naio (2)
15. A dor sempre desaparece enquanto vocé€ esta caminhando?
Sim (1) *
Nio (2)
16. O que vocé faz se tem a dor enquanto estd caminhando:
péra ou diminui a marcha (1)
continua caminhando igual (2) *
17. O que acontece com a dor se voc€ permanece imével?
a dor alivia (1)
a dor nio alivia (2) *
18. Em quanto tempo?
10 minutos ou menos (1)

mais de 10 minutos (2)
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Anexo II1

QUESTIONARIO DE ATIVIDADE FiSICA

Gostarfamos de saber como € seu estilo de vida em relacdo a atividade fisica. Pense nas atividades que
vocé realiza durante uma semana normal. Leia as 4 frases abaixo, escolha a que mais se encaixa em sua
condicdo de atividade fisica e marque com um X a alternativa correta:

1. () Euleio, assisto televisdo e trabalho em casa sem muito esforco fisico.
2. () Eucaminho, ando de bicicleta e fago outros exercicios leves ndo mais que 4 horas por semana.

3. () Faco exercicios para manter a forma fisica: jogos com bola, corrida, academia de gindstica,

nata¢@o, ndo mais do que 3 horas por semana.

4. () Facgo exercicios de maneira competitiva muitas vezes na semana, correndo, jogando ou com

outros esportes que exigem grande esforgo.

Fonte (adaptado): Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, Haméildinem H, Ilanne-Parikka P,
Keindnen-Kiukaanniemi S, Laakso M, Louheranta A, Rastas M, Salminen V, Uusitupa M: Prevention of

type 2 diabetes mellitus by changes in lifestyle among subjects with impaired glucose tolerance. N Engl J

Med 344 (18):1343-50, 2001.
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Anexo IV

QUESTIONARIO ALIMENTAR

1. Nome:

2. Data:

3. Refeigdes que faz diariamente:
() café da manha ( ) lanche da manha () almogo
() lanche da tarde ( ) jantar () lanche da noite
4. Além das refeicdes relacionadas no item 3, vocé come diariamente algum alimento em outros
hordrios? Se positivo, escreva os hordrios e os tipos de alimentos consumidos na maior parte das
vezes (pastel; empada; doce dietético; leite; iogurte; chocolate dietético; frutas; etc..)
5. Costuma fazer todas as refeicdes em casa? Se a resposta for negativa, escreva quais as refei¢des que
sdo feitas fora e onde.
6. Dos grupos de alimentos relacionados a seguir, escreva ao lado os tipos e cortes (carnes) que prefere
normalmente:

Verduras e legumes:

Frutas:

Carne de vaca:

Carne de galinha:

Peixe: (fresco ou congelado)

Queijo:

Leite:

Arroz:

Feijao:

Macarrao:

7. Quais os locais que costumam ser compradas as carnes:
_ carne bovina: ( ) agougue () supermercado( ) mercado publico
_ carne de frango: () acougue ( ) supermercado( ) mercado publico
_ peixe: () agougue ( ) supermercado( ) mercado publico

8. Assinale abaixo o(s) tipo (s) de gordura usada (s) para cozinhar os alimentos:

() 6leo de soja () dleo de girassol () 6leo de milho () 6leo de oliva
() 6leo de algoddo () 6leo de canola () 6leo de arroz () banha de porco
() banha vegetal () gordura de coco () manteiga ( ) margarina

OBS: Quanto tempo dura 1 garrafa/lata de éleo e/ou outra gordura para a familia?
9. Utiliza diariamente no pao ou bolacha:

( ) margarina (tipo: )
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( ) manteiga () paté (tipo: )

() outros ( )

10. Costuma comer a gordura da carne?
11. Quais os temperos usados para cozinhar?

12. Assinale o tipo de pao consumido mais freqiientemente:

( ) pdo d’dgua (cacetinho) () pdo de forma branco ( ) pao de cachorro-quente

() pdo caseiro ( ) pao integral

No caso de usar o pdo caseiro, descreva a receita e o rendimento.

13. Que adogante vocé utiliza?

14. Utiliza doces e gelatinas dietéticas? De que tipo e marca?

15. Costuma tomar chd regularmente? Qual? Com ou sem adocante?

( ) pdode centeio ( ) outros (descreva)

16. Toma bebida alcodlica? Se positivo, preencha abaixo o tipo e as quantidades ingeridas

habitualmente.

a) bebidas destiladas: ( ) uisque ( ) vodca ( ) cachaga ( ) conhaque

quantidade: dose(s) copo (s)

frequéncia : vezes/dia vezes/semana

b) bebidas fermentadas:
() vinho tinto suave

() vinho branco seco () cerveja preta

quantidade: copo (s) taga (s)

freqiiéncia : vezes/dia
17. Vocé é alérgico (a) a alimentos? Quais?

18. Relacione abaixo os alimentos que nao gosta.

martelinho (s)

() vinho tinto seco

vezes/semana

vezes/més

() vinho branco suave

() cerveja comum

vezes/més
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Anexo V

REGISTRO ALIMENTAR
Nome:
Data:
Dia da semana: ( ) segunda ( ) terca ( ) quarta ( ) quinta ( ) sexta

( ) sabado ( ) domingo

ALIMENTO MEDIDA

SOBRAS

CAFE DA
MANHA

COLACAO

ALMOCO

LANCHE DA
TARDE

JANTAR

CEIA

Observacdes:
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