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Resumo

O diabetes melito (DM), cuja forma mais prevalente € o DM tipo 2,
acomete mais de 5% da populacdo mundial. Pacientes com DM podem
apresentar complicacdes cronicas micro- e macrovasculares sendo possivel
prevenir ou impedir a progressao destas complicagdes com medicamentos e
mudancas de estilo de vida, que incluem prética de atividade fisica regular e
adocdo de uma dieta saudavel. O objetivo deste manuscrito foi revisar os
principais efeitos da ingestéo de fibras sobre o controle glicémico, perfil lipidico
e pressdo arterial em pacientes com DM tipo 2. Também foi revisada a
definicdo das fibras. As fibras alimentares, em especial as fibras soltveis, tém
comprovadamente um papel importante no manejo do DM tipo 2, apresentando
efeitos benéficos sobre a homeostase glicémica, perfil lipidico e hipertensdo
arterial. Adicionalmente, as fibras insollUveis contribuem para perda de peso,
através de acado no mecanismo de saciedade, promovendo também melhora do
controle metabdlico nesses pacientes. Em conclusdo, para atingir a
recomendacdao diaria de 14 g de fibras/1000 kcal, deve-se estimular o consumo
de fibras em pacientes com DM tipo 2, tanto a partir da ingestdo de alimentos
fonte como frutas, cereais integrais, verduras, legumes e leguminosas, como

através de suplementos.
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Abstract

Diabetes mellitus (DM), whose most prevalent form is type 2 DM, affects
more than 5% of the world population. Patients with DM may have chronic
micro- and macrovascular complications. It is possible to prevent or halt the
progression of these complications with medications and lifestyle changes that
include regular physical activity and adopting of a healthy diet. The aim of this
study was to review the main effects of fiber intake on glycemic control, lipid
profile, and blood pressure in patients with type 2 DM. The definition of dietary
fiber was also reviewed. Dietary fibers, particularly soluble fibers, have played
an important role in the management of type 2 DM, with beneficial effects on
glucose homeostasis, lipid profile and hypertension. Additionally, insoluble
fibers contribute to weight loss by their influence on satiety, as well as by
improving metabolic control. In conclusion, in order for patients with type 2 DM
to reach the recommendation of 14 g of fiber/1000 kcal /day, consumption of
fibers should be stimulated, both from natural food sources like fruits, whole

grains, vegetables and legumes, and also from supplements.
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Aspectos epidemioldgicos e clinicos do diabetes melito

O diabetes melito (DM) € uma doenca cronica que acomete mais de 5%
da populacdo mundial adulta e constitui um grande problema de saude publica,
em razao da elevada prevaléncia, acentuada morbi-mortalidade e dos custos
envolvidos no seu tratamento (1). O DM é a quarta causa de morte no mundo,
sendo que no ano 2030 a prevaléncia mundial devera superar 300 milhées de
individuos acometidos (2). No Brasil, a prevaléncia total do DM nao
diagnosticada € de 46% (3).

O DM tipo 2 ocorre geralmente na vida adulta, é a forma mais comum de
DM e est4 associado a obesidade em cerca de 80% dos casos. A hiperglicemia
sustentada, resultante da resisténcia a acdo da insulina e da incapacidade
pancreatica em suplantar essa resisténcia, associada a fatores genéticos e
ambientais, € uma das principais responsaveis pelo desenvolvimento das

complicagBes cronicas micro- e macrovasculares (4).

Pacientes com DM podem apresentar complicaces microvasculares,
como a retinopatia diabética, que ocorre em até 60% dos pacientes com DM
tipo 2, e a nefropatia diabética, cuja prevaléncia pode chegar até 40%. A
nefropatia diabética est4 associada a elevada morbi-mortalidade cardiovascular
ja em seu estagio inicial (microalbumindria) ou ainda com valores de
albumindria no limite superior da normalidade (5,6). Além disso, 0 DM tipo 2
esta intimamente associado a Sindrome Metabolica (SM) (7), que pode ser
definida como um conjunto de desordens clinicas inter-relacionadas, tais como
obesidade, resisténcia a insulina, tolerancia diminuida a glicose, hipertensao
arterial e dislipidemia (8). A prevaléncia de SM em pacientes com DM tipo 2 &

extremamente elevada, correspondendo a mais de 85% (9).

A presenca de DM é um fator de risco independente para doenca arterial
coronariana (DAC), doenca vascular periférica (DVP) e acidente vascular
cerebral (AVC), que representam as complica¢des crbnicas macrovasculares e
sdo as principais causas de morte nesses pacientes (10). Estudo transversal

que incluiu 927 pacientes com DM tipo 2 atendidos em nivel ambulatorial em
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trés centros médicos do Rio Grande do Sul observou uma prevaléncia de DAC
de 36%, DVP de 33% e hipertensédo arterial de 73% (11).

O aparecimento de complicacdes crénicas pode ser prevenido no DM
tipo 2, principalmente através de controle glicémico intensivo, refletido por
valores de glicohemoglobina (A1C) <7,0% (11-14). A manutencdo da pressao
arterial (PA) em niveis normais, ou proximos da normalidade, é tdo importante
quanto o controle glicémico e o controle dos lipideos séricos, contribuindo de
forma decisiva para o manejo das complicacdes do DM (12). A prevencéo e
tratamento, isto € a ndo progressdo ou mesmo a regressao, das complicacées
crbnicas €& possivel através da combinacdo de medicamentos e de
modificacdes no estilo de vida, associando a pratica regular de atividade fisica
com um plano alimentar saudavel (12,15). Neste contexto, as fibras alimentares
tém um papel importante no manejo de pacientes com DM, através de seus
efeitos benéficos sobre a homeostase glicémica, perfil lipidico, saciedade, peso

corporal e fatores de risco para doenca cardiovascular (16).
Objetivo

O objetivo deste manuscrito foi revisar 0os principais efeitos da ingestao
de fibras sobre o controle glicémico, perfil lipidico e pressao arterial em
pacientes com DM tipo 2. Foi revisada também a definicdo e classificacdo das
fibras considerando os aspectos importantes para o entendimento do papel

destas no manejo dietoterapico de pacientes diabéticos.
Definigdo de fibra

A definicdo de fibra pode ser baseada em trés critérios distintos:
guimico, botanico ou fisiolégico (17). Resumidamente, no conceito quimico, a
fibra é, por definicdo, o residuo obtido apos o tratamento dos vegetais com
acido e alcali, sendo denominado de fibra crua. Os valores de fibra crua néo
expressam a quantidade total de fibras do alimento, pois correspondem a
guantidade de fezes soélidas formadas a partir de produtos alimentares nédo
digeridos ou ndo absorvidos. Por sua vez, o conceito botanico considera que a
fibra vegetal esta relacionada aos elementos fibrosos da parede vegetal ou da

estrutura intercelular da planta. Ja o conceito fisioldgico foi formulado a partir
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da definicdo da American Association of Cereal Chemists (AACC) (18) de que
toda fibra alimentar necessariamente tem uma funcéao fisioldgica, independente
da sua origem ou estrutura. Entretanto, a melhor definicdo para fibra € ainda

motivo de controveérsia (17).

Atualmente a definicAo mais aceita e utilizada na prética clinica é a
proposta pela AACC (18), de que, fibra alimentar € a parte comestivel das
plantas ou analogos aos carboidratos (ligninas) que sao resistentes a digestao
e absorcao pelo intestino delgado humano, com fermentacéo parcial ou total no
intestino grosso. Mais recentemente, o Institute of Medicine (IOM) (19), autor
das Dietary Reference Intakes (DRIs), complementou esta definicdo, incluindo
substancias que sao fisiologicamente semelhantes as fibras como a inulina,
frutooligossacarideos (FOS) e amidos resistentes, e ainda as fibras sintéticas e
as de origem animal, como a quitosana (derivada das cascas de camardes e

crustaceos) e os glicosaminoglicanos.
Classificacao das fibras

A classificacdo das fibras de acordo com sua solubilidade em agua tem
sido o critério mais utilizado, dividindo as fibras em sollveis e insoluveis.
Pectinas, gomas, mucilagens e algumas hemiceluloses séo exemplos de fibras
soluveis, cujas fontes principais sao frutas, verduras, farelo de aveia, cevada e
leguminosas (feijdo, grdo-de-bico, lentilha e ervilha). As fibras solaveis
retardam o esvaziamento gastrico e o transito intestinal, apresentam alta
viscosidade e séo fermentaveis. A fermentacdo € o processo pelo qual se da a
decomposicdo da fibra por atuacdo da flora bacteriana anaerébica do célon
formando &cidos graxos de cadeia curta (AGCC) que exercem efeitos troficos
na mucosa intestinal. Entre os acidos graxos de cadeia curta, o acetato é o
mais abundante, seguido do propionato e do butirato. J& as fibras insolaveis,
como a celulose, lignina e algumas hemiceluloses, tém como fontes principais
o farelo de trigo, graos integrais e verduras. Estas fibras contribuem para a
reducdo de peso, uma vez que induzem a saciedade mais precocemente, e

estimulam o peristaltismo intestinal através do aumento do bolo fecal (20).
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Também é possivel classificar as fibras de acordo com suas
propriedades fisico-quimicas, tais como viscosidade (ou capacidade hidrofilica)
e fermentabilidade (21). As pectinas, gomas, mucilagens e os amidos
resistentes sdo exemplos de fibras com alta viscosidade, pois tém alta
afinidade pela agua e formam material gelatinoso no intestino delgado. Em
geral, quanto mais soltvel for uma fibra, maior o seu grau de fermentacéo (21).
Ainda, as fibras podem ser classificadas como polissacarideos estruturais
(celulose, hemicelulose, pectina e amido resistente), polissacarideos nao
estruturais (gomas e mucilagens) e compostos nao polissacarideos como a

lignina e outras substancias (inulina, FOS e amidos resistentes).
Tipos de fibras

Na Tabela 1 estdo sumarizados os principais tipos de fibras, suas

caracteristicas, funcdes e fontes.
Métodos analiticos para determinacdo do contetdo de fibra alimentar

Sempre que uma tabela de composicdo de alimentos for consultada é
importante reconhecer qual foi 0 método de analise utilizado para determinar os
valores de fibra, pois esses valores podem variam substancialmente. Para
exemplificar, utilizando trés diferentes métodos, o valor de fibras em 100 g de
trigo integral corresponde a 2,9 g (Fibra Bruta), 8,5 g (Detergente Neutro) ou a

11,8 g (Englyst), embora o contetudo real de fibra no alimento seja o mesmo.

Resumidamente, os métodos analiticos para determinagdo da fibra no
alimento podem ser agrupados como gravimétricos, enzimico-gravimétrico e
enzimico-quimicos (24). Os primeiros (Fibra Bruta, Detergente Neutro e Acido e
Detergente Neutro Modificado) determinam somente a fragao insollavel de fibra
alimentar e podem superestimar os valores de fibra por incluir valores de amido
e proteina ndo solubilizados. No método enzimico-gravimétrico o alimento é
tratado com diversas enzimas fisiologicas (semelhante ao processo que ocorre
no intestino delgado) permitindo separar e quantificar o contetdo total de fibra
e fragOes soluvel e insoluvel. Este € o método recomendado pelo Ministério da
Saude no Brasil para rotulagem de alimentos. Os métodos enzimico-quimicos

(Southgate, Uppsala e Englyst) medem os constituintes da fibra diretamente
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através da extragcdo dos acgucares de baixo peso molecular, remocao
enzimatica do amido, hidrdlise acida dos polissacarideos e determinacdo dos

residuos de monossacarideos por espectrofotometria ou cromatografia.
Papel das fibras em pacientes com DM: aspectos gerais

Evidéncias epidemioldgicas tém demonstrado que certos tipos de fibra
alimentares sédo capazes de impedir o desenvolvimento do DM bem como
reduzir valores de glicose pods-prandial e, em conseqiéncia, a resposta
insulinica. Enfatizar um alto consumo de fibras tem sido praticamente um
consenso no que diz respeito as recomendacdes nutricionais para pacientes

diabéticos, tanto em relacdo a prevencao quanto ao tratamento.

Estudos epidemiolégicos com diferentes populacbes (25-27) tém
mostrado que o estilo de vida, incluindo fatores dietéticos, estdo relacionados
ao desenvolvimento do DM tipo 2. A partir dos dados do Nurses’Health Study,
Hu e colaboradores (28) definiram o perfil de um grupo de mulheres com baixo
risco para desenvolver DM de acordo com o0s seguintes parametros: indice de
massa corporal menor do que 25 kg/m?, pelo menos meia hora de atividade
fisica moderada a vigorosa por dia, auséncia de tabagismo, consumo de pelo
menos meia-dose de bebida alcodlica por dia, e dieta pobre em gorduras trans
e em alimentos com alto indice glicémico e rica em gorduras poliinsaturadas e
fibras. As mulheres do grupo de baixo risco apresentaram um risco relativo
(RR) para DM de 0,09 comparadas ao restante da coorte. Outro estudo,
realizado com homens, demonstrou que uma dieta rica em fibras reduziu o
risco para presenca de DM, associado a menores valores de marcadores
inflamatorios séricos e menor deposicdo de gordura hepatica (29). Em
individuos néo diabéticos com familiares sem DM, o consumo de uma dieta rica
em fibras foi inversamente associado a resisténcia insulinica (30). Este dado
sugere que as fibras podem ser importantes para a prevencdo do DM. De fato,
elevados niveis de fibras, especialmente provenientes de graos integrais, estdo
associados com reducdo de até 30 % na incidéncia de DM, conforme
observado em estudo de coorte que acompanhou por 10 anos uma populacao

de homens e mulheres inicialmente sem DM (31). Uma meta-andlise com mais
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de 300 000 individuos também mostrou associacdo entre maior consumo de
cereais ricos em fibra e reducéo do risco para DM (RR = 0,67) (32). Ainda, a
progressao de pré-diabetes para DM foi reduzida em cerca de 60% com um
maior consumo de fibras conforme demonstrado no Finnish Diabetes
Prevention Study (33).

As fibras alimentares tém também um papel importante no manejo
dietoterapico de pacientes com DM ja estabelecido, através de seus efeitos
benéficos sobre homeostase glicEmica, perfil lipidico, saciedade, peso corporal
e fatores de risco para doenca cardiovascular (16). Isso foi também confirmado
por uma meta-analise com 16 estudos, envolvendo 136 pacientes com DM tipo
1 e tipo 2, na qual dietas com alto conteludo de fibras e moderado teor de
carboidratos, quando comparadas a dietas com 0 mesmo teor de carboidratos
porém pobres em fibras, promoveram reducdo significativa da glicose pos-
prandial (-21%), do LDL-colesterol (-7,9%) e dos trigliceridios (-8,3%) (34).

E possivel que os efeitos benéficos das fibras estejam relacionados ao
tipo de fibra. Neste sentido, uma recente revisdo (20) destacou o papel das
fibras soltveis na reducéo da glicose pos-prandial e aumento da sensibilidade
a insulina em individuos néo diabéticos e diabéticos, ao passo que o efeito das
fibras insoluveis foi quase nulo. Por outro lado, a reducédo de risco para DM foi
fortemente associada ao consumo fibra insolavel, como demonstrado em

estudos observacionais (31, 35) e em meta-analise (32).

Principais mecanismos relacionados aos efeitos benéficos das fibras no
DM

Os principais mecanismos de acdo das fibras sollveis relacionados a
prevencdo e tratamento do DM resumidamente incluem: atraso do
esvaziamento gastrico e do transito do intestino delgado e reducdo da difusédo
de glicose e da acessibilidade da a-amilase ao seu substrato. Estes efeitos
fisiol6gicos podem impedir o aumento da glicose poés-prandial e da insulina,
resultando em diminuicdo de A1C. Por sua vez, as fibras insoliveis podem
contribuir para reducédo de peso ou da circunferéncia abdominal, uma vez que

induzem maior saciedade por meio de suas propriedades fisicas intrinsecas,
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modulando a funcdo motora gastrica e alterando a secrecdo de horménios

peptideos intestinais (20, 21,23).

Os efeitos resultantes da ingestdo de alimentos ricos em carboidratos
sobre a resisténcia insulinica e risco para DM podem ser dependentes do tipo
de fibra alimentar, mas também do indice glicémico (IG). De fato, o contetudo
de fibras pode modificar o IG dos alimentos (36). J& foi demonstrada a
existéncia de uma correlacao inversa entre o contetdo de fibras alimentares e

o IG dos alimentos em individuos normais (37).

Os mecanismos envolvidos no efeito hipocolesterolémico das fibras sao
complexos e ainda n&do estdo completamente esclarecidos. Entre estes
mecanismos, esta a inducdo precoce da saciedade, que pode contribuir para
uma menor ingestdo alimentar, e diminuir a absorcao intestinal de gorduras.
Tanto a capacidade de ligacdo das fibras insolUveis a acidos biliares como a
capacidade da fibra soluvel em reduzir a absorcéo intestinal de &cidos biliares
por meio de propriedades fisico-quimicas poderiam explicar a melhora do perfil
lipidico, ja que ambas promovem aumento da excrecdo de acidos biliares nas
fezes (38,39). Este fato também estaria associado a uma diminuicdo na
emulsificacdo de gorduras no intestino, reduzindo a absor¢éo de colesterol
biliar e dietético, assim como de lipidios em geral. Adicionalmente, para
compensar a eliminacao pelas fezes, as células hepaticas sao estimuladas a
aumentar a secrecao de acidos biliares a partir do colesterol, com conseqtiente
reducdo nas concentracfes plasmaticas do mesmo (40). Paralelamente, as
fibras solaveis interferem no catabolismo das lipoproteinas por meio da
regulacdo de receptores hepaticos de lipoproteinas de baixa densidade (41).
Ainda, outro mecanismo das fibras, considerado indireto, seria a reducéo da
sintese hepatica de lipidios através da reducdo da absorcdo intestinal de
carboidratos (21).

Quanto a reducao nos niveis de PA, os provaveis mecanismos das fibras
incluem melhora da hiperinsulinemia e resisténcia insulinica (42) e a reducao

do peso corporal (43).
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Outro possivel mecanismo benéfico das fibras sobre o DM poderia estar
relacionado as suas propriedades benéficas sobre a chamada inflamacéo de
baixo grau. Recentemente foi demonstrado que uma maior ingestao de fibras
(acima de 20 g/dia) diminuiu valores de marcadores inflamatorios séricos, como
interleucina-6 e proteina C-reativa, fatores estes que podem estar associados a
um menor risco para DM (29).

Efeitos especificos das fibras alimentares no DM
Controle glicémico

Quatro ensaios clinicos com pacientes com DM tipo 2, documentaram a
melhora do controle glicémico e da sensibilidade & insulina apdés o uso de
suplementos de fibra sollvel a base de psyllium (mediana 10 g/ dia) (44 — 46) e
goma guar (40 g/ dia) (47). Depois de um periodo de aproximadamente 10
semanas de tratamento foram observadas reducdes significativas nos valores
de glicemia de jejum, pés-prandial e A1C. Ainda, uma meta-andlise (34) com
pacientes diabéticos demonstrou que dietas com alto conteddo de fibras e
moderado teor de carboidratos, quando comparadas a dietas com 0 mesmo
teor de carboidratos, porém pobres em fibras, promoveram reducao
significativa da glicose pés-prandial (-21%).

Perfil lipidico

Em relacdo ao efeito hipolipemiante das fibras, uma meta-analise com
67 estudos que incluiu pacientes com e sem DM, indicou que dietas ricas em
fibra soluvel sdo efetivas para promover reducdo nos niveis séricos de
colesterol total e LDL-colesterol. No entanto, as concentracdes de trigliceridios
parecem ndo ser afetadas pela ingestdo de fibras, assim como o HDL-
colesterol (48). Concordando com esses resultados, um estudo conduzido com
17 pacientes com DM tipo 2, demonstrou que a suplementacdo com goma guar
até a dose de 21 g/ dia, promoveu reducédo de 11% nos valores de colesterol
total, mas sem alteragdo do HDL-colesterol e trigliceridios (49). Em
contrapartida, em ensaio clinico realizado em pacientes com DM tipo 2, a
ingestdo de 50 g de fibras/ dia, das quais 25 g sollveis e a outra metade

insolaveis, por 6 semanas, reduziu as concentragdes de triglicerideos em cerca
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de 10% (50). E importante observar que a quantidade de fibra alimentar
prescrita neste estudo foi bem superior ao nivel recomendado pela American
Diabetes Association (ADA) (12) e foi bastante superior também as
quantidades utilizadas em outros estudos. Em pacientes com DM, o efeito
benéfico das fibras sobre o perfil lipidico foi confirmado em meta-analise (34),
que incluiu um pequeno nimero de estudos e demonstrou que dietas com alto
conteudo de fibras e moderado teor de carboidratos, promovem reducdo do
LDL-colesterol (-7.9%) e trigliceridios (-8.3%).

Pressao arterial

A relagao entre fibra alimentar e risco de hipertensao arterial ainda néo
estd bem elucidada e em pacientes diabéticos os dados sao escassos. Alguns
estudos observacionais e de intervencdo tém mostrado o efeito benéfico do
aumento da ingestdo de fibras, sollveis e insoluveis, no controle e
provavelmente prevencédo da hipertensédo (51- 53). He e colaboradores (53)
constataram que a suplementacdo com fibra solavel (a base de aveia) por 12
semanas foi capaz de reduzir ambas as pressoes, sistolica (PAS) e diastolica
(PAD). Duas meta-andlises avaliaram os efeitos da ingestao de fibras na PA.
Whelton e cols. (54) analisaram 25 ensaios clinicos, incluindo um total de 1477
individuos e observaram que a ingestao de 11 g de fibra por dia (mediana de
diferenca entre controles e grupo tratado) foi associada a uma reducao
significativa da PAD em individuos n&do hipertensos. Nesta meta-analise, o
consumo de fibras por no minimo oito semanas, promoveu uma diminuicdo
significativa da PAS e PAD em pacientes hipertensos. Ainda, as fibras sollveis,
provenientes de suplementos, foram as mais efetivas em promover reducédo na
PA quando comparadas as fibras provenientes de alimentos in natura, como
frutas, vegetais e cereais. Em outra meta-analise que incluiu 24 estudos e 1404
individuos (55) foram encontrados achados semelhantes. Os autores
concluiram que a suplementacgéo de cerca de 10 g de fibra/dia (variacdo de 3,5
até 42,6 g/dia, com fibras solaveis e/ou insoluveis) foi capaz de reduzir a PAD e
PAS. Os efeitos sobre a PA foram mais proeminentes em pacientes

hipertensos e com mais de 40 anos de idade.
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Em pacientes com DM tipo 2 o consumo de fibras também tem sido
associado a menores valores de PA. Recentemente nosso grupo demonstrou
em um estudo transversal com 225 pacientes com DM tipo2, que o consumo
diario de alimentos ricos em fibras (80 g de frutas e 50 g de vegetais- g/1000
kcal), foi associado a menores valores de PA média (<92 mm Hg) (56). De fato
a reducao da PA com a utilizacao de fibras em pacientes com DM j& havia sido
demonstrada em estudo mais antigo. Neste ensaio clinico com 17 pacientes
com DM tipo 2, a utilizacdo de um suplemento a base de goma guar reduziu a
PAD (49).

Sindrome Metabdlica

Em ensaios clinicos, dietas ricas em fibras, como a Dieta Mediterranea
(57) ou a DASH (58), estdo associadas a melhora dos componentes da SM.
Adicionalmente, estudo transversal com 214 pacientes com DM tipo 2,
demonstrou que o consumo de fibras sollveis, especialmente as provenientes
de graos integrais e frutas, teve um papel protetor para a presenca de SM

nesse grupo de pacientes (59).
Recomendac®es dietéticas de fibras para pacientes com DM

Diferentes entidades apresentam distintas recomendacbes para o
consumo de fibras. A American Dietetic Association (60) sugere o consumo
diario de 14 g de fibras por 1000 kcal, ou 25 g para mulheres e 38 g para
homens adultos. A Organizacdo Mundial da Saude (61) recomenda um
consumo superior a 25 g/dia de fibra total para prevencdo de doencas cronicas
e no minimo 20 g para DM. As DRIs (21) recomendam um consumo médio de
30 g/dia de fibra total para adultos sadios, focando na prevencao de doencas
cardiovasculares (apresentando diferentes recomendacdes para homens e
mulheres para diferentes faixas etarias), sendo que a quantidade minima de
fibra recomendada é de 20 g/dia. A ADA (12) sugere aumentar a ingestdo de
fiboras para no minimo 14 g a cada 1000 kcal. A ADA faz uma referéncia
também especifica para o consumo de fibras sollveis na presenca de
dislipidemia, orientando que sejam ingeridos entre 10 a 25 g/dia desse tipo de
fibra.
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7

Para atingir as recomendacfes de fibras € necessario fazer uma
ingestado regular e diaria de frutas, cereais integrais, verduras, legumes e
leguminosas. Consumir 14 g de fibra ndo é dificil, basta incluir no cardapio
diario, por exemplo, os seguintes alimentos: 1 fatia de mamé&o (150 g), 1 laranja
(100 g), 1 fatia de p&o de centeio (25 g), 1 colher de sopa de aveia em flocos
(15 g), 2 colheres de arroz integral (40 g), 1 concha pequena de feijao (70 g) e

2 colheres de legumes (40 g), como vagem ou beterraba.

Apesar da demonstracdo da importancia do consumo de fibras em
pacientes com e sem DM, a ingestdo de fibras ainda estd muito aguém da
desejada. Dados locais, constataram que pacientes com DM tipo 2 apresentam
uma média de consumo de fibras de 10 g/ 1000 kcal (59). De fato, dados
americanos confirmam essa afirmacdo e relatam que pacientes diabéticos

ingerem menos da metade das recomendacdes de fibras (62,63).
Conclusdes

Os efeitos benéficos da ingestdo de fibras sobre o controle glicémico e
perfil lipidico em pacientes com DM tipo 2 estdo bem documentados. Em
relacdo a PA, embora existam menos evidéncias, é provavel que pacientes
diabéticos sejam também beneficiados pelo consumo de fibras. O maior
consumo de fibras pode ser obtido através de dietas ricas em gréos integrais,
frutas, vegetais ou mesmo pelo uso de suplementos de fibra. Os dados
sugerem que as fibras sollveis apresentam efeitos superiores as fibras
insoluveis, especialmente na homeostase glicémica e no controle da PA. No
entanto, as fibras insollveis ndo devem ser menosprezadas, uma vez que
contribuem para a perda de peso, através de acdo no mecanismo de
saciedade, interferindo desta forma no controle metabdlico. Estas observacoes
indicam que o consumo de fibras por pacientes com DM tipo 2 deve ser
estimulado, seja por meio de alimentos fonte ou através de suplementos, mas
sempre dentro de um plano alimentar individualizado, onde todos os nutrientes
estejam em equilibrio e considerando a presenca de co-morbidades

associadas.
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NOMENCLATURA CARACTERISTICAS EFEITOS FONTES

CELULOSE E o componente mais comum das Retém agua nas fezes, aumenta seu Frutas com casca, farinha
paredes celulares das plantas e volume e peso, favorece o peristaltismo de trigo integral e
predominantemente insoltvel. e acelera o tempo de transito intestinal sementes

HEMICELULOSES

PECTINAS

GOMAS

MUCILAGENS

Polissacarideos que formam a matriz
na qual estdo as fibras de celulose,
sendo a maior parte soluvel.

Polissacarideos  ramificados  nédo
estruturais que sdo sollveis em agua
e tém alta capacidade hidrofilica
(viscosidade).

Sdo polissacaridios
soluveis.

complexos e

Polissacarideos pouco ramificados,
nao sdo componentes estruturais das
plantas, sdo altamente soluveis e
encontradas no interior das sementes

reduzindo a presséo intraluminal do
colon.

Aumentam o volume e o0 peso das
fezes, reduzem a pressao intraluminal
do colon e aumentam a excre¢do de
acidos biliares.

Retardam o0 esvaziamento gastrico,
proporcionam substrato fermentavel
para as bactérias do colon produzindo
AGCC e aumentam a excrecdo de
acidos biliares

Retardam o0 esvaziamento gastrico,
proporcionam substrato fermentavel
para as bactérias do colon, reduzem a
concentracdo plasmatica de colesterol
e melhoram a tolerancia a glicose.

Retardam o0 esvaziamento gastrico,
proporcionam substrato fermentavel
para as bactérias do colon e reduzem a
concentragdo plasmatica de colesterol.

Farelo de trigo, soja e
centeio

Cevada, legumes, frutas
citricas e maca,

principalmente a casca

Farelo de aveia, farinha de
aveia, farelo de cevada,
goma guar, goma ardbica,
goma de karaya.

Plantago ovata,
mucilagem da semente da
acacia.
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Analagos aos carboidratos

LIGNINAS

Polimero de alcodis aromaticos que
sao insoluveis, proporcionam
estrutura e sustentacdo as plantas e
sao resistentes a acdo de enzimas e
bactérias.

Fixacdo aos acidos biliares com efeito
hipocolesterolémico.

Gréaos integrais, ervilha,

aspargos.

Substancias Semelhantes as Fibras

INULINA

FOS

AMIDOS
RESISTENTES

Polimero de glicose, é fermentada por
bactérias no intestino formando acido
latico e AGCC.

Polissacarideos de cadeia curta que
ndo retém liquidos nem aumentam o
bolo fecal, mas sofrem fermentacao
por bactérias no intestino formando
acido latico e AGCC.

Substancias — amido e produtos de
amido — que ndo sdo absorvidos no
intestino delgado (cerca de 10% do
amido); sofrem fermentacdo por
bactérias no intestino.

Através da fermentacdo estimula o
crescimento de bifidobactérias
exercendo efeitos troficos na mucosa
intestinal (efeito probidtico).

Através da fermentacdo estimulam o
crescimento de bifidobactérias
exercendo efeitos troficos na mucosa
intestinal (efeito probiético).

Aumentam volume fecal, reduzem a
glicose sérica, insulina e trigliceridios
pos-prandiais e através da sua
fermentacéao liberam AGCC.

Raiz da chicoria,
tubérculos de alcachofra,
cebola, alho, banana, ou
produzido industrialmente
a partir da sacarose.

Obtidos a partir da
hidrélise de inulina e
produzidos industrialmente
a partir da sacarose

Graos integrais ou
parcialmente moidos e
sementes, batata, paes e
flocos de milho.

AGCC= acidos graxos de cadeia curta; FOS= frutooligossacarideos.
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Capitulo Il

REDUCTION OF HBA1c: AND ALBUMINURIA BY SUPPLEMENTARY SOLUBLE
FIBER IN PATIENTS WITH TYPE 2 DIABETES AND METABOLIC SYNDROME:

A RANDOMIZED CLINICAL TRIAL



38

Reduction of HbAlc and Albuminuria by Supplementary Soluble Fiber in
Patients with Type 2 Diabetes and Metabolic Syndrome: a Randomized

Clinical Trial

Dall’'Alba V?, Steemburgo T2, Silva FM? Antonio JP% Royer CP% Almeida JC?
Gross JL?, Azevedo MJ?*

& Endocrine Division. Hospital de Clinicas de Porto Alegre. Federal University of Rio
Grande do Sul. Porto Alegre. Brazil

*Corresponding author: Hospital de Clinicas de Porto Alegre. Rua Ramiro Barcelos.
2350 — Prédio 12. 4° andar. 90035-003. Porto Alegre. RS - Brazil.
Phone / FAX # 55 51 33598127 / 8777.

E-mail: mirelajobimazevedo@agmail.com

Keywords: soluble fiber; metabolic syndrome; type 2 diabetes; waist circumference;

microalbuminuria; serum fatty acids

Abbreviations: BMI, body mass index; GG, guar gum; HbAlc, glycosylated
hemoglobin; UAE, urinary albumin excretion; hs-CRP, high-sensitivity C-reactive
protein; FAs, fatty acids; MetS, metabolic syndrome; eGFR, estimated glomerular
filtration rate; LSD, least significant difference; GLM, general linear model.

Trial registration: NCT 01071785


mailto:mirelajobimazevedo@gmail.com

39

ABSTRACT

Background and aim - Whole-grain and fruits seem to be protective for metabolic
syndrome (MetS), although the role of dietary fiber is still undefined. The aim of this
study was to evaluate the effects of a soluble fiber on MetS components and other
cardiovascular risk factors in patients with type 2 diabetes.

Methods and results - In this randomized clinical trial, 44 type 2 diabetic patients
(age 62 £ 9 years; BMI 28.5 + 4.3 kg/m?) with MetS were evaluated at baseline,
four, and six weeks. The intervention group received guar gum (GG) 10 g/day. In
the GG group (n = 23) waist circumference, HbAlc, 24-h urinary albumin excretion
(UAE), and serum trans-unsaturated fatty acids (FAs) were reduced from baseline
to four and six weeks: waist circumference = 103.5 + 9.5, 102.1 + 10, 102.3 = 9.7
cm; HbAl: = 6.88 £ 0.99, 6.64 + 0.94, 6.57 + 0.84%; UAE = 6.8 (3.0-17.5), 4.5 (3.0-
10.5), 6.2 (3.0-9.5) mg; trans-unsaturated FAs = 7.08 (4.6-13.68), 6.7 (4.8-9.8), 5.71
(3.00-10.95) mg/dl (P <0.05 for all). In the control group only the weight diminished:
77.0 £13.5; 76.2 + 13.3; 76.1 + 13.4 kg (P = 0.005). Other MetS components, total
and LDL cholesterol, fibrinogen, high-sensitivity C-reactive protein, and endothelin-1
did not change in both groups.

Conclusion - The addition of soluble fiber to usual diet improved cardiovascular and
metabolic profiles in patients with type 2 diabetes and MetS by reducing waist

circumference, HbAlc, and UAE.

Trial registration: NCT 01071785 (clinicaltrials.gov; Jun 6", 2008)
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INTRODUCTION

Metabolic syndrome (MetS) components include: central obesity, low serum
HDL cholesterol, increased serum triglycerides and blood pressure levels, and
raised blood glucose or diabetes [1]. Although clinical definitions can differ slightly,
MetS represents a diagnostic tool to identify centrally obese patients at increased
risk for developing cardiovascular disease and/or type 2 diabetes.

MetS occurs in more than 85% of patients with type 2 diabetes and the
greater the number of MetS components, the greater the frequency of coronary
artery disease and microvascular chronic complications, including diabetic
nephropathy [2].

Dietary intervention, in addition to pharmacological therapy, is an important
strategy in MetS management. In subjects without diabetes dietary factors, such as
foods with high glycemic index [3] or total fat intake [4], have been positively
associated with MetS. On the other hand, a recent review suggests that dietary fiber
plays a protective role in the course of MetS and its consequences [5]. In fact, in
interventional studies, diets with high fiber content improved most of the features of
MetS in patients without diabetes [6] and in specific ethnic groups [7]. Additionally,
in subjects with prehypertension or hypertension albuminuria within the normal
range seems to be reduced by a diet rich in fruits and vegetables [8] but it was not
clear whether this effect might be related to increased fiber intake.

In patients with type 2 diabetes the fiber consumption can have a beneficial
effect on surrogate cardiovascular risk factors such as serum inflammatory markers
[9] but there is scarce information about association of fiber consumption with MetS
in diabetes. In a cross-sectional study, we demonstrated that soluble fibers,
particularly from whole-grain foods and fruits, had a protective role for the presence
of MetS in this group of patients [10]. Therefore, the aim of our study was to
evaluate the effects of supplementary dietary soluble fiber on MetS components
and other possible cardiovascular risk factors in patients with type 2 diabetes.
METHODS

This randomized, open label, parallel, controlled clinical trial study was
conducted in patients with type 2 diabetes and MetS. The randomization was based

on a pre-defined alternate sequence including the two arms of the study. Patients
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were assigned to intervention or control groups according to their consecutive
inclusion in the protocol. MetS components were the primary outcomes. Secondary
outcomes were: HbAlc, 24-h urinary albumin excretion (UAE), fatty acids (FAS) in
serum triglycerides, serum fibrinogen, high-sensitivity C-reactive protein (hs-CRP),
and plasma endothelin-1. The Ethics Committee approved the protocol and all
patients gave written informed consent.

Patients and study protocol

Patients with type 2 diabetes who consecutively attended the outpatient
clinic of the Endocrine Division, from June 2007 to September 2009, at Hospital de
Clinicas de Porto Alegre, were selected based on the following criteria: presence of
MetS, HbAlc <9%, serum creatinine <2.0 mg/dl, UAE <200 mg/24-h, and absence
of malabsorption, urinary tract infection, or other renal diseases.

Type 2 diabetic patients were defined as patients over 30 years of age at
onset of diabetes, with no previous episode of ketoacidosis or documented
ketonuria, and treatment with insulin only after 5 years of diagnosis. Diagnosis of
MetS was based on the International Diabetes Federation criteria: central obesity
(waist circumference 294 cm for men, and =80 cm for women) plus any two of the
following: triglycerides 2150 mg/dl, HDL cholesterol <40 mg/dl for men and <50
mg/dl for women, blood pressure 2130/85 mmHg (or use of antihypertensive drugs),
and raised blood glucose or diabetes [11].

Sixty-three eligible patients entered in a run-in period (19.5 + 8.2 weeks).
Changes in medication were prescribed, if necessary, in order to stabilize glycemic
and blood pressure controls. The use of antidiabetic agents was standardized to
metformin and/or NPH insulin, and six weeks before the beginning of the study
hypolipidemic agents were temporarily discontinued. Dietary adjustments were
performed, if required [12]. During the run in period seven patients were unwilling
to attend the protocol visits, four were prevented from carrying out the protocol due
to a major disability, three demonstrated poor compliance with food record
technique, and three were unable to maintain HbAlc <9%. Hence, of 63 eligible
patients, 46 were randomly assigned to the guar gum (GG) or control groups. The
intervention consisted of daily dietary supplementation of 10 g of GG (Benefiber®),

taking one 5 g sachet with lunch and another with dinner. GG sachets, white bread,



42

and soybean oil were supplied for all participants at each visit (every two weeks).
Patients were instructed to follow their usual diet, maintain their usual physical
activities, and not modify medications throughout the study. To evaluate possible
side effects related to the GG, at each visit all patients were asked to describe any
unusual symptoms or signs. Patients underwent clinical, laboratory, and nutritional
evaluation at baseline, four, and six weeks. After randomization, two patients from
the control group were excluded: one patient started another research protocol and
the other developed persistent macroalbuminuria. Therefore, 44 patients completed
the protocol and only their data were included in the analyses. Figure 1 shows the
flow diagram of patient recruitment and randomization.

Clinical evaluation

Blood pressure was measured twice to the nearest 2 mmHg, after a 10-
minute rest, using a standard mercury sphygmomanometer. Hypertension was
defined as blood pressure 2140/90 mmHg, measured on two occasions or the use
of antihypertensive drugs. Patients were classified as normoalbuminuric (UAE <30
mg/24-h) or microalbuminuric (UAE 30-299 mg/24-h). Microalbuminuria was always
confirmed [13]. Fundus examination was performed (dilated pupils) and diabetic
retinopathy was graded as present or absent.

Physical activity was graded in four levels, from sedentary lifestyle to high
physical activity [14]. Positive alcohol intake was considered in patients who
mentioned current intake of any alcoholic beverage. Patients were classified as
current smokers or not and their ethnicity was self-identified as white or non-white.
Nutritional assessment

The body weight and height of patients (without shoes or coats) were
obtained with measurements recorded to the nearest 100 g for weight and to the
nearest 0.1 cm for height. BMI was calculated. Waist circumference was measured
midway between the lowest rib margin and the iliac crest, near the umbilicus,
measured once to the nearest 1 cm, with flexible, non-stretch fiberglass tape.

The patient’s usual diet was assessed by 3-day weighed-diet records [15].
Compliance was confirmed by measurement of 24-h urinary nitrogen output and by
completeness of urine collection as evaluated by 24-h urinary creatinine. According
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to the number of GG sachets provided, compliance with the intervention was
assessed at every visit by asking about the number of used sachets.

Patients were issued commercial scales (1-125 g) and measuring cups (25-
250 ml). Records were analyzed using the Nutribase 2007 (Clinical Nutritional
Manager software v.7.14; Cybersoft Phoenix, AZ, USA). Data on the trans-
unsaturated FAs and dietary fiber content of consumed foods were analyzed as
previously described [10;16]. Data intake from nutrients was expressed in crude
amounts adjusted to total energy unless otherwise stated.

Laboratory measurements

Blood samples were obtained after a 12-h fast. Plasma glucose was
determined by a glucose oxidase method, creatinine by Jaffe’s reaction, and HbA1¢
by an ion-exchange HPLC (Merck-Hitachi L-9100 glycated hemoglobin analyzer,
reference range 4.7-6.0%; Merck Diagnostica, Darmstadt, Germany). Total
cholesterol and triglycerides were measured by enzymatic-colorimetric methods
(Merck Diagnostica; Boeringher Mannheim, Buenos Aires, Argentina), HDL
cholesterol by homogeneous direct method (autoanalyzer, ADVIA 1650), and LDL
cholesterol by Friedewald’s formula. UAE was measured by immunoturbidimetric
method (Microalb; Ames-Bayer, Tarrytown NY, USA). In our laboratory using urine
samples with albumin concentration of 30 and 100 mg/L, the intra- and inter-assay
CVs were both <6% [17]. Estimated glomerular filtration rate (eGFR) was calculated
using the Modification of Diet in Renal Disease formula [18]. Endothelin-1 was
measured by ELISA (R&D Systems. Minneapolis, USA), fibrinogen by a
coagulometric method (StaCompact: Asnieres sur Seine, Paris, France), and hs-
CRP by nephelometry (Dade-Behring; BN Il Nephelometer, Schwalbach, Taunus,
Germany; reference range: 1-3 mg/l).

Blood samples for serum FAs analyses were separated after centrifugation
at 1,500 X g for 15 min and stored at -80°C for later laboratory measurements. FAs
were determined in triglyceride fraction by gas chromatography (Hewlett-Packard
6890; Agilent Technologies®, Santa Clara. California, USA), as previously described
[19]. Methyl heneicosanoate (C21:0) was used as an internal standard (Sigma-
Aldrich®, St Louis. MO, USA) and the identity of each FA peak was ascertained by

comparing the peak retention time with a previously characterized mixture of 37 FAs
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(Sigma-Aldrich®, St Louis, MO, USA). In our laboratory, the coefficient of variation of
each individual FA in this mixture ranges from 0.03 to 3.5%. In one patient FAs was
not measured due to scarce volume of blood samples.

Statistical analyses

Sample size was calculated based on the difference (61.2 mg/dl) in
triglycerides between type 2 diabetic patients with and without MetS [10]. It was
estimated that 21 patients in each group had to be included to have an 80% power
and 0.05 alpha.

Student’s T test, Mann-Whitney U tests, and Chi Square test were used as
appropriate. Changes in outcomes were analyzed by General linear model (GLM)
for repeated measurements, with measurements at different times as a within-
subjects factor, followed by a post-hoc test (Least Significant Difference - LSD), and
adjusted for possible confounding factors (covariates). Variables that significantly
changed during the study, or were biologically relevant, were chosen as the
covariates. Normally distributed dietary data were adjusted for energy intake
through the residual method [20]. Non-normally distributed variables were log-
transformed before analyses. Results were expressed as means (SD), median
(interquartile range), or number of patients with the characteristic (%). P values
<0.05 were considered as statistically significant. SPSS 16.0 software (SPSS.
Chicago. IL) was used.

RESULTS
Baseline patients’ characteristics

Baseline clinical and laboratory characteristics of patients with type 2
diabetes are shown in Table 1. There were no differences between GG and control
groups regarding demographic features, anthropometric measurements, lifestyle
characteristics, blood pressure, and frequency of diabetic complications. Use of
medications and laboratory characteristics was not different between the two
groups.
Dietary evaluation at baseline and during the study

At baseline no differences were observed in the daily intake of energy,
protein, carbohydrates, fibers, total fat, saturated, monounsaturated,
polyunsaturated, and trans-unsaturated FAs, and cholesterol between the two
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groups (P >0.05 for all) (Table 2). Table 3 describes the daily energy and
macronutrient intakes evaluated at baseline, four, and six weeks. Reductions in the
consumption of energy, carbohydrates, fibers, total fat, saturated FAs, and
monounsaturated FAs were observed in both groups. Protein and trans-unsaturated
FAs intakes were reduced only in the control group.

MetS components and other cardiovascular risk factors during the study

Table 4 shows the evaluated MetS components during the study. From
baseline to four and six weeks, reduction of waist circumference was observed in
the GG but not in the control group. No changes were observed in triglycerides,
HDL cholesterol, blood pressure values, and fasting plasma glucose in both groups.

Other cardiovascular risk factors were evaluated (Table 5). GG group
exhibited reduction in HbAlc and UAE. In the other hand, body weight diminished
only in the control group. No changes were observed in total and LDL cholesterol,
serum creatinine, e-GFR, hs-CRP, and plasma endothelin-1 in both groups. Serum
total, saturated, monounsaturated, and polyunsaturated FAs, also did not change.
Patients in the GG group had a reduction in serum trans-unsaturated FAs (P =
0.011; GLM) with a borderline statistical significance on the post-hoc test (P =
0.073; LSD) (Table 4).

No serious adverse events were reported during the study. In the 23 patients
who received GG supplement, four patients reported decreased appetite, 14 had an
increased number of bowel movements and three of them had diarrhea in the first
two days of GG use. The control group did not report alterations.

DISCUSSION

This current randomized clinical trial demonstrated that in patients with type 2
diabetes a six-week dietary supplementation with GG fiber had beneficial effects on
metabolic and cardiovascular profile of MetS. The intake of this soluble fiber
induced a reduction in waist circumference, HbAlc, albuminuria, and in the serum
trans-unsaturated FAs in triglyceride fraction. These results were more prominent
after four weeks of supplementation, most remaining thereafter. As far as we know,
no other study evaluated the effect of supplementary dietary fibers on MetS in
patients with type 2 diabetes.
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In subjects without diabetes, whole-grain intake, largely attributed to cereal
fiber, was associated with a lower prevalence of MetS [3]. Interventional studies
showed that high fiber content diets, such as a Mediterranean-style diet [6] or a
DASH diet [7] can also reduce the prevalence of MetS in individuals without
diabetes. However, an independent fiber effect cannot be established since the fiber
content was not the primary focus of dietary interventions.

The glucose lowering effect of fiber in patients with diabetes has been
previously described in a meta-analysis [21] but the observed HbA1: reduction was
due to diets high in fiber and also in carbohydrates. Our patients had a 0.3%
reduction in HbAlc values with GG supplementation. Although this decrease can be
considered modest, it occurred in well controlled patients, with HbAlc within the
recommended target (<7.0%) [22], and using metformin and/or insulin. It is likely
that this effect could be even higher in patients with higher HbAlc values.
Furthermore, this HbAlc reduction was achieved without any major side effects or
weight gain often associated with treatment with some anti-diabetic medications
[23]. Finally, the 0.3% HbAlc reduction has been recognized as a clinically
meaningful value when testing the magnitude of the hypoglycemic effect of a new
drug as compared to another [24].

An increased waist circumference, along with insulin resistance, seems to be
a constant feature in patients with MetS [11]. In fact, longitudinal survey indicated
that central obesity plays an essential role in the development of MetS and can
precede the appearance of other MetS components [25]. In the present study, only
patients who received soluble fiber supplement exhibited a waist circumference
reduction, independent of body weight changes. This beneficial effect of fibers was
previously described in observational studies in individuals with impaired glucose
tolerance [26] or without diabetes [27].

The issue of the effect of fibers on renal function in diabetic patients is as yet
largely unexplored. Some studies in animal models have reported that dietary
supplementation with fiber may improve some aspects of diabetic kidney disease.
The addition of soluble fibers in the usual diet of genetically diabetic mice retards
the development of diabetic nephropathy [28]. In addition, GG feeding

streptozotocin-diabetic rats exhibited a reduction of UAE [29]. In pre-hypertensive
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non diabetic patients with UAE >7mg/24-h, the adoption of a diet rich in fruits and
vegetables, with a high fiber content, reduced UAE, as compared with a DASH diet
and a control diet [8]. However in that study UAE reduction was probably unrelated
to dietary fiber content, since the fiber intake did not differ between interventional
diets.

Our data show that supplementation with the soluble fiber was able to
promote a reduction in serum trans-unsaturated FAs. This effect seems to be
independent of trans-unsaturated FAs consumption since in the GG group no
change in the intake of trans-unsaturated FAs occurred. Furthermore, analyses of
changes in serum trans-unsaturated FAs during the study were adjusted for its
consumption.

The decrease of total and LDL cholesterol associated with fiber intake is well
known, especially in patients with high values, but dietary fiber had a small
borderline HDL cholesterol-lowering effect and did not affect the triglycerides [30].
The lack of reduction in total and LDL cholesterol in the present study could be
explained by baseline values very close to normal in all studied patients.

The mechanisms related to effects of soluble fibers on MetS disturbances
were recently reviewed [5,31] and include: delayed gastric emptying and small
bowel transit, reduced glucose diffusion through the unstirred water layer, and
reduced accessibility of a-amylase to its substrates due to increased viscosity of gut
contents. These physiologic effects of soluble fiber on the stomach and small
intestine can blunt increases of postprandial glucose and insulin resulting in HbAlc
decrease. Indeed, the postprandial plasma glucose contributes about 70% to
determining HbAlc when values are close to 7% [32], as was the case of our
patients. On the other hand, the beneficial effects of fibers on body fat mass, as
suggested by the reduction of waist circumference, can be induced by greater
satiety resulting from intrinsic physical properties of dietary fiber, modulation of
gastric motor function, and signaling satiation altering the secretion of gut peptide
hormones [5,31]. Finally, UAE reduction mechanisms associated with fiber intake
are unclear. Given that microalbuminuria may reflect generalized vascular damage
[33], anti-inflammatory properties of fibers [9] could partially explain UAE reduction.

However evaluated inflammatory factors did not change in the current study.
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Possible limitations of this study could be related to unintentional changes in
other dietary components besides the supplemented fiber. Theoretically, these
variations could limit the impact of our results. However, we included any other
dietary change as a covariate in the multivariate analyses, thus limiting this
interference. In addition, the characteristics of our sample, particularly good
glycemic, lipid, and blood pressure controls, could preclude generalization of our
data. However, we can presume that soluble fiber supplementation could have
proved even more beneficial in not so well controlled diabetic patients.

We suggest that a dose of 10 g soluble fiber added to the usual diet can
improve the MetS profile of patients with type 2 diabetes. This dietary intervention
could be translated into a diet rich in foods with high soluble fiber content. As an
example, the following foods should be daily consumed: two tablespoons of oats
(30 g), two slices of rye bread (50 g), a shell of black beans (140 g), a slice of
papaya (150 g), and an orange (180 g). This equivalence should be tested in
randomized clinical trials using natural foods sources of soluble fibers.

In conclusion, in patients with type 2 diabetes and MetS, the addition of
soluble fiber to the usual diet improved cardiovascular and metabolic risk profiles,
by reducing UAE, HbAlc, and waist circumference.
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Table 1 Baseline clinical and laboratory characteristics in patients with type 2
diabetes and metabolic syndrome.

GG group Control group P

N 23 21 -
Males 14 (60.9%) 13 (61.9%) 0.944%
White ethnicity 19 (82.6%) 16 (76.2%) 0.341°
Age (years) 60.5+9.1 63.6+9.6 0.273°
Duration of diabetes (years) 11.8+8.1 16.9 + 10.6 0.084°
Weight (kg) 79.6 + 14.8 77.0+ 135 0.545"
BMI (kg/m?) 30.2+3.6 29.3+3.6 0.426°
Waist circumference (cm)

Male 109 (104 - 116) 108 (104 - 110)  0.500°

Female 100 (91 - 106) 100 (92 - 106) 0.846°
Current smoking 1 (4.3 %) 3 (14.3 %) 0.518°
Current alcohol intake 4 (17.4 %) 7 (33.3 %) 0.192°
Sedentary 11 (47.8%) 9 (42.9%) 0.741°
Hypertension 21 (91.3%) 20 (95.2%) 0.605°
SBP (mmHg) 128.4 + 16.2 130.1+11.6  0.689™
DBP (mmHg) 72.1+85 70.1+7.8 0.422°
Diabetic retinopathy 9 (39.1 %) 13 (61.9 %) 0.473%
Microalbuminuria 2 (8.7 %) 2 (9.5 %) 0.661°
Diabetes treatment
(OA/'I/ OA + 1/ D) (35/4/57/4%) (57/5/38/0%) 0.406°
ACE inhibitors 16 (70%) 13 (65%) 0.502%
Fasting plasma glucose (mg/dl) 134.0 £49.0 142.6 £40.0 0.524°
HbA1c (%) 6.88 + 0.99 6.96 + 0.64 0.740°
Total cholesterol (mg/dl) 200.1 +£36.8 216.2 +49.7 0.234°
HDL cholesterol (mg/dl) 50.3+11.7 495+11.2 0.832°
Triglycerides (mg/dl) 137.0 (87.0 - 201.0) 150.0 (96.5 - 203.5) 0.972°
LDL cholesterol (mg/dl) 119.9 + 27.0 136.9 + 40.9 0.116°
UAE (mg/24-h) 6.8 (3.0 - 17.5) 6.7 (3.0-19.3) 0.981°
Serum creatinine (mg/dl) 0.9+0.2 0.8+0.2 0.172°
e-GFR ( ml/min/1.72m?) 82.9+ 185 90.9 +22.8 0.207°
Fibrinogen (g/dI) 403.2 +89.0 384.3+72.0 0.442°
hs-CRP (mg/l) 2.8(1.1-5.3) 1.9 (0.8-5.2) 0.285°
Endotelin-1 (pg/ml) 0.56 £ 0.34 0.80 £ 0.49 0.090°

GG = guar gum; SBP= systolic blood pressure; DBP= diastolic blood pressure; OA =: oral
antidiabetic agents; | = insulin; D = diet only; ACE = angiotensin-converting enzyme; UAE =
urinary albumin excretion; e-GFR = estimated glomerular filtration rate; hs-CRP=high-
sensivity C-reactive protein;  Pearson Chi Square; ° Student’s t test; © Mann-Whitney U test.
Data are expressed as mean * SD, median (P® - P™), or number of patients with the

characteristic (%).
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Table 2 Baseline daily dietary characteristics of patients with type 2 diabetes

and metabolic syndrome.

GG group Control group P
N 23 21 -
Energy (kcal) 1813.8 + 520.3 1765.2 +569.5  0.770°
Protein (g)* 89.9 + 14.5 91.8+17.1 0.682°
Carbohydrate (g)* 210.1 +32.1 214.5 +32.0 0.983"
Total Fiber (g)* 17.7+7.3 18.4+ 6.3 0.746°
Soluble Fiber (g) 5.1+2.0 57+1.8 0.344"
Insoluble Fiber (g)* 12.5+5.6 12.7+4.4 0.925°
Total fat (9)* 66.3+11.6 63.8 + 14.9 0.540"
Saturated FAs (g)° 19.5+5.8 18.3+5.5 0.489°
Monounsaturated FAs (g)* 21.3+ 4.3 21.3+6.8 0.987°
Polyunsaturated FAs (g) 20.0 5.0 18.5+6.5 0.395°
Trans-unsaturated FAs (Q) 1.8(1.1-4.1) 1.6 (1.2 - 2.6) 0.277¢
Cholesterol (mg)® 202.9 + 66.6 222.1+118.7 0.518°

GG = guar gum; FAs = fatty acids

2 Nutrients adjusted for total energy intake. P Student's t test. ¢ Mann-Whitney U test.

Data are expressed as mean + SD or median (P?- P"®)



Table 3 Dietary daily characteristics during the study in patients with type 2 diabetes and metabolic syndrome.

Baseline 4-weeks 6-weeks p*

Energy (kcal)

GG group 1813.8 + 520.3 1685.0 + 457.1° 1700.0 + 439.1 0.029

Control group 1765.2 + 569.5 1528.1 + 409.2 ° 1553.7 + 371.4 ¢ 0.006
Protein (g)®

GG group 89.9+ 145 85.3+14.3 81.5+ 15.4 0.209

Control group 91.8+17.1 82.6 +14.8"° 86.3+12.0%1 0.002
Carbohydrate (g) ®

GG group 210.1 +32.1 180.8 + 23.8° 1842 +28.1°¢ <0.001

Control group 2145+ 32.0 189.8 + 26.0 ° 191.9 + 27.3 ¢ <0.001
Total fiber (g)?

GG group 17.7+7.3 13.6+4.1° 13.8+4.6° 0.004

Control group 18.4+ 6.3 15.2+4.9° 16.3+4.9¢%¢ 0.017
Soluble fiber (g)?

GG group 51+1.2 45+15 4.7 +1.7 0.166

Control group 57+1.8 51+£16 54+17 0.184
Insoluble fiber (g)?

GG group 125+6.1 9.0+2.8"° 9.1+3.1° <0.001

Control group 12.7+4.7 10.3+3.5° 10.9 + 3.6 ©¢ 0.006

Total fat (g)®



GG group

Control group
Saturated FAs (g)?

GG group

Control group
Monounsaturated FAs (g) ®

GG group

Control group
Polyunsaturated FAs (g)?

GG group

Control group
Trans-unsaturated FAs (Q)

GG group

Control group
Cholesterol (mg)®

GG group

Control group

66.3 +11.6
63.8 + 14.9

195+5.8
18.3+5.5

21.3+4.3
21.3+6.8

20.0+5.0
18.5+6.5

1.8 (1.1-4.1)
1.6 (1.2 - 2.6)

202.9 +66.6
222.1 £118.7

60.9 + 8.5°
58.7 +12.9

17.8+ 3.8
15.8+3.4°"

18.4+2.7°
17.8+36°

195+4.8
201+7.6

1.2 (0.8-3.2)
1.0 (0.8 -1.3)°

197.4 £ 53.9
179.8 £47.2

61.5+10.2°
58.3+12.8°

176 +4.3°
16.1+35°

19.0+3.8°
17.8+3.7°

19.2+4.38
19.2+6.7

1.3 (1.0 - 2.3)
1.1 (0.8-1.5)°

193.6 £47.7
192.3 +59.2

0.010
0.037

0.049
0.036

0.007
0.015

0.618
0.246

0.058
0.001

0.601
0.160
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GG = guar gum; FA = Fatty acids. GG group, n = 23; control group, n = 21.
*P value refers to GLM for repeated measurements; @ Nutrient values adjusted for total energy daily intake.
P <0.05 for post-hoc test (LSD): ® baseline vs. 4-weeks, ©baseline vs. 6-weeks, and  4-weeks vs. 6-weeks.



Table 4 Metabolic syndrome components evaluated during the study in patients with type 2 diabetes and metabolic

syndrome.
Baseline 4-weeks 6-weeks pP*

Waist circumference (cm)

GG group 103.5+95 102.1 +10.0° 102.3 +9.7¢ 0.041 2

Control group 101.8+8.0 100.4 £8.2 100.7 £ 8.2 0.1382
Triglycerides (mg/dl)

GG group 137.0 (87.0 - 201.0) 136.0 (89.0 - 183.0) 136.0 (105.0 - 184.0) 0.530°

Control group 150.0 (96.5 - 203.5) 135.0 (94.5 - 166.5) 134.0 (82.0 - 191.5) 0.750°"
HDL cholesterol (mg/dl)

GG group 50.3+11.7 50.8 £ 13.9 524+ 134 0.397°

Control group 495+ 11.2 50.0+9.7 50.3+11.2 0.593°
SBP (mmHg)

GG group 128.4 +16.2 129.1+11.9 132.4+£10.2 0.1272

Control group 130.1+11.6 126.4 £ 13.1 128.0 £ 13.7 0.800%
DBP (mmHg)

GG group 72.1+85 71.1+8.3 72.4+9.9 0.774%2

Control group 70.1+7.8 65.4+74 67.0x5.7 0.287°
Fasting plasma glucose (mg/dl)

GG group 134.0 £ 48.9 121.3+26.5 127.4 £ 50.2 0.209

Control group 142.6 + 40.0 127.6 £ 37.6 128.3 + 32.0 0.054

GG = guar gum; SBP= systolic blood pressure; DBP= diastolic blood pressure.
* P value refers to GLM for repeated measurements adjusted for changes in:

@weight;
b total fat intake;

P < 0.05 for post-hoc test (LSD): € baseline vs. 4-weeks; ¢ baseline vs. 6-weeks;



Table 5 Cardiovascular risk factors evaluated during the study in patients with type 2 diabetes and metabolic syndrome.

Baseline 4-weeks 6-weeks pP*

Weight (kg)

GG group 79.6 £ 14.8 79.0+15.2 79.2+15.1 0.199

Control group 77.0+ 135 76.2 +13.3 76.1+13.4F 0.005
HbAlc (%) _

GG group 6.88 + 0.99 6.64 +0.94 ' 6.57 +0.84" 0.031%

Control group 6.96 + 0.64 6.89 + 0.95 6.93+£0.93 0.392°
UAE (mg/24-h) _

GG group 6.8 (3.0 - 17.5) 4.5 (3.0 -10.5)' 6.2 (3.0-9.5) 0.045°

Control group 6.7 (3.0 - 19.3) 3.0(3.0-75) 7.6 (3.0 - 15.8) 0.419°
eGFR (ml/min/1.72m?)

GG group 82.9 +18.5 82.6 +24.5 84.7 + 20.6 0.975¢

Control group 90.9+22.8 92.2+25.0 90.2 £ 23.3 0.728¢
Total cholesterol (mg/dl)

GG group 200.1 + 36.8 203.1+28.4 213.0 +40.6 0.188°

Control group 216.2 £ 49.7 207.9+452 208.7 +40.4 0.633°
LDL cholesterol (mg/dl)

GG group 119.9 + 27.0 1242 +21.0 128.8 + 30.3 0.589°¢

Control group 136.9 + 40.9 130.4 +39.2 130.3 £ 34.7 0.409°
Fibrinogen (g/dl)

GG group 403.2£89.1 396.3 + 100.6 387.0 + 108.4 0.577

Control group 384.3+72.0 389.0 £ 66.1 393.2+77.9 0.825
hs-CRP (mg/l)

GG group 2.8(1.1-5.2) 2.5(0.8-4.2) 2.1 (0.8-7.9) 0.252

Control group 1.9(0.8-5.2) 1.9(0.5-4.5) 1.5 (0.7 - 4.0) 0.875
Endothelin-1 (pg/ml)

GG group 0.56 £ 0.34 0.73+0.37 0.63+0.35 0.267

Control group 0.79 £0.49 0.72+04 0.70 £ 0.37 0.891



Total serum FAs (mg/dl) *
GG group
Control group

149.4 (94.7 - 275.0)
105.2 (62.2 - 196.4)

156.4 (94.0 - 226.2)
113.6 (68.5 - 145.7)

142.8 (95.1 - 229.6) 0.446°
85.2 (72.1 - 137.6) 0.658°

Serum saturated FAs (mg/dl) *

GG group 61.2 (45.7 - 119.8) 65.8 (46.8 - 94.4) 64.2 (41.5 - 88.4) 0.141°

Control group 46.2 (30.6 - 86.2) 53.6 (29.1 - 62.9) 45.2 (32.8 - 65.1) 0.768"
Serum monounsaturated FAs (mg/dl) *

GG group 50.2 (27.6 - 81.5) 47.6 (25.7 - 71.8) 48.0 (27.0 - 76.5) 0.347 ¢

Control group 30.6 (14.9 - 55.1) 22.6 (15.5 - 44.6) 21.0 (14.9 - 44.3) 0.760 9
Serum polyunsaturated FAs (mg/dl) *

GG group 33.5(17.9-55.7) 32.2 (15.0 - 48.5) 31.3(18.4 - 52.6) 0.655 "

Control group 23.2 (13.6 - 45.6) 23.9 (16.0 - 32.8) 19.5 (13.2 - 28.1) 0.937"
Serum Trans-unsaturated FAs (mg/dl) * '

GG group 7.1 (4.6 -13.7) 6.7 (4.8 - 9.8) 5.7 (3.0-11.0)" 0.011"

Control group 6.1(2.4-8.1) 6.5 (3.3-10.1) 3.3 (2.2 - 8.6) 0.903'

GG = guar gum; UAE = urinary albumin excretion; eGFR = estimated glomerular filtration rate; hs-CRP= high-sensivity C-
reactive protein; FAs = fatty acids. GG group, n = 23; Control group, n = 21; ¥ GG group, n = 22 in the FAs analyses.

* P value refers to GLM for repeated measurements adjusted for changes in:
@weight;

®weight, systolic and diastolic blood pressures, protein intake, and HbAlc;

¢ total fat intake;

9 systolic and diastolic blood pressures, protein intake, and HbAlc;

®weight, total fat and energy intakes;

"weight, total fat, saturated FAs, and energy intakes;

9 weight, total fat, monounsaturated FAs, and energy intakes;

_hweight, total fat, polyunsaturated FAs, and energy intakes;

'weight, total fat, trans FAs, and energy intakes.

P < 0.05 for post-hoc test (LSD): ! baseline vs. 4-weeks; ¥ baseline vs. 6-weeks;
P = 0.073 for post-hoc test (LSD): ' baseline vs. 6-weeks.
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[63 patients were assessed for eligibility]

17 were excluded in the run-in:
3 did not maintain HbAl: <9%
7 declined to participate
7 had other reasons

A 4

[ 46 underwent randomization }

v v
23 were assigned to 23 were assigned to
Guar gum group Control group

2 discontinued the trial:

1 started another protocol

1 developed macroalbuminuria

A 4 A 4
[ Completed (n = 23) } [ Completed (n = 21) }

Figure 1 Flow diagram of patient recruitment and randomization
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CONSIDERACOES FINAIS

De uma maneira geral as complicagdes crénicas do DM, em especial as
microvasculares, estdo associadas a elevados valores de glicose de jejum e pos-
prandial, anormalidades do perfil lipidico e da presséo arterial. Estas complicacdes
podem ser prevenidas e paralelamente tratadas, além da farmacoterapia, com
mudancas no estilo de vida, como prética de atividade fisica regular e adocao de
um plano alimentar saudavel. No que tange a dieta, os beneficios da ingestao de
fibras sobre o controle glicémico e perfil lipidico em pacientes com DM tipo 2 estédo
bem documentados. Embora existam menos evidéncias acerca dos beneficios
sobre a pressao arterial, € provavel que pacientes diabéticos tenham também

melhora na homeostase pressodrica com um maior consumo de fibras.

Os mecanismos de acdo das fibras parecem ser mediados entre outros
fatores, pelo seu grau de solubilidade. Nesse sentido, os dados sugerem que as
fibras sollveis apresentam efeitos superiores as fibras insollveis, especialmente
sobre o controle glicémico e da presséao arterial. No entanto, no que diz respeito a
prevencdo e diminuicdo do risco para DM, as fibras insollveis parecem ser mais
efetivas. Além disso, estas fibras apresentam efeitos sobre a saciedade,
contribuindo para a perda de peso e dessa forma também influenciando

positivamente o controle metabdlico.

Tais observacbes séo fortes indicadores de que o consumo de fibras por
pacientes com DM tipo 2 deve ser estimulado, seja por meio de alimentos fonte,
como graos integrais, frutas e legumes, ou através de suplementos, mas sempre
dentro de um plano alimentar individualizado, onde todos os nutrientes estejam em
equilibrio. A utilizacdo de suplementos de fibra pode ser extremamente Gtil, sendo
possivel fornecer uma quantidade maior de fibras por por¢céo, além disso, existem
algumas apresentacfes em p6é sem sabor e que podem ser diluidas em qualquer

liquido, de acordo com a preferéncia do paciente.

Nesta tese foi demonstrado que a utilizacdo de suplemento de fibra solavel
a base de Goma Guar, por um periodo de seis, semanas foi capaz de promover
reducdo nos valores de A1C, circunferéncia da cintura e albuminuria em pacientes

com DM tipo 2, portadores de Sindrome Metabolica. Além disso, os niveis de
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acidos graxos séricos trans também parecem sofrer reducdo a partir da ingestéao
destas fibras soluveis. A introducdo de fibras sollveis na dieta dos pacientes
através da utilizacdo de suplemento foi bastante simples, teve 6tima aceitacdo e

nao trouxe efeitos adversos.

Os dados aqui apresentados permitem inferir que a suplementacao de fibra
soluvel com goma guar é capaz de promover melhora do perfil metabdlico e de
risco cardiovascular em pacientes com DM e Sindrome Metabdlica. No entanto,
generalizar os beneficios de todas as fibras sollveis sO seria possivel a partir da
avaliacdo do uso de outros suplementos, como por exemplo, o psyllium, nesse
mesmo grupo de pacientes. Além disso, seria importante testar a implementagéo
de fibras solGveis na dieta por meio de alimentos in natura. Esta andlise poderia
responder a outras indagacfes: Seriam as fibras solGveis provenientes de
alimentos in natura tdo eficientes quanto as fibras suplementares para promover

melhora do perfil de risco destes pacientes? E qual a magnitude desses efeitos?

Por fim, ensaios clinicos realizados em mais longo prazo, além de confirmar
os achados da presente tese, poderiam permitir a avaliacdo de desfechos clinicos
mais "duros”, como perda de funcao renal e eventos cardiovasculares. Abrem-se
também perspectivas de estudos para avaliar possiveis mecanismos relacionados
aos efeitos observados e ainda ndo elucidados como, por exemplo, a reducdo da
albumindria. A inclusédo de pacientes com comprometimento renal mais adiantado,
como aqueles com valores mais elevados de albumindria, poderia viabilizar
algumas respostas para estes objetivos. Enfim este ensaio clinico aqui apresentado
representa uma prova de conceito e como tal, gera questionamentos, que deverao
ser avaliados com delineamentos distintos dentro de uma linha de pesquisa da
nutricdo clinica, tendo sempre como primeiro e principal objetivo, a melhoria da

qualidade de vida dos pacientes com DM.
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