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RESUMO

O papel da vitamina D na regulagdo do metabolismo 06sseo ja esta bem
estabelecido. Entretanto, nos Ultimos anos, o papel da vitamina D na saude
extraesquelética tem sido amplamente explorado. Na é&rea cardiovascular, a
deficiéncia de vitamina D tem sido associada de forma independente a ocorréncia de
infarto do miocardio, acidente vascular cerebral e morte cardiovascular. Os
mecanismos para explicar a associagdo entre hipovitaminose D e doenca
cardiovascular ainda nao estdo de todo esclarecidos, sendo postulada sua
vinculacdo com a aterosclerose. No entanto, estudos procurando correlacionar
hipovitaminose D com marcadores de aterosclerose tém produzido resultados
conflitantes, da mesma forma que pequenos estudos randomizados de
suplementacdo oral para avaliar desfechos intermediarios, de modo que ha
atualmente consideravel debate acerca de se a hipovitaminose D representa um
novo fator de risco ou seria apenas um marcador inflamatério. No primeiro artigo, ja
publicado, procurou-se realizar uma revisao abrangente sobre o papel da deficiéncia
de vitamina D na patogenia da doenga cardiovascular, incluindo desde aspectos
bésicos de sua biossintese até os resultados de estudos de intervengao, por meio de
sua suplementacao oral. O segundo artigo apresenta os resultados de uma analise
transversal de 382 individuos habitantes de comunidades quilombolas em Alcantara
- MA, participantes da coorte PREVRENAL, apresentando pelo menos um fator de
risco cardiovascular, com média de idade de 57.79 (+ 15.3) anos e discreto
predominio do sexo feminino, em que se procurou correlacionar os niveis séricos de
25-hidroxivitamina D, a forma circulante estavel da vitamina, com um marcador
estabelecido de aterosclerose subclinica, a espessura médio-intimal carotidea, e
outros fatores de risco cardiovascular. Foram coletados dados sécio-demograficos,
sobre estilo de vida, antropométricos e clinicos e realizados exames bioquimicos,
incluindo a dosagem de 25-hidroxivitamina D, por meio do ensaio
eletroquimioluminiscéncia. A excreg¢ao urinaria de albumina foi avaliada por meio da
razao albumina / creatinina em amostra isolada de urina. Hipovitaminose D foi
definida como niveis séricos de 25-hidroxivitamina D <30 ng / mL. Todos os
participantes foram submetidos a exame das artérias cardtidas comuns por
ultrassonografia de alta resolucao para medida da espessura médio-intimal, sendo
adotada a média das medidas de ambos os lados. A média dos niveis séricos de 25-
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hidroxivitamina D foi de 50.4 (x 13.5) ng / mL, observando-se uma baixa prevaléncia
de hipovitaminose D (<5%). Por correlacdo linear simples, observou-se uma
associacao inversa significativa entre os niveis de 25-hidroxivitamina D e a
espessura médio-intimal carotidea (r = -0.174, p = 0.001). Entretanto, apds analise
de regressdao multipla, apenas as variaveis sexo masculino, idade, tabagismo,
pressao arterial sistélica, glicemia em jejum e LDL-colesterol permaneceram
significativamente associadas com a espessura médio-intimal carotidea. Niveis de
25-hidroxivitamina D se associaram independentemente, de forma positiva com o
HDL-colesterol, e inversa com a excregao urinaria de albumina. Em conclusao, nesta
populacao afrodescendente, com baixa prevaléncia de hipovitaminose D, ndo se
observou uma associacdo independente entre 0s niveis séricos de 25-
hidroxivitamina D e a espessura médio-intimal carotidea, achado que contraria a
hipétese do seu papel antiaterosclerético. Por outro lado, a sua associacao positiva
com o HDL-colesterol e inversa com a excregao urinaria de albumina, também
considerada um preditor independente de eventos cardiovasculares, nao permite

afastar acdes de protecao cardiovascular da vitamina neste perfil populacional.

Palavras-chave: Deficiéncia de vitamina D. Espessura médio-intimal carotidea.

Aterosclerose carotidea. Populacao negra.
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ABSTRACT

The role of vitamin D in the regulation of bone metabolism is already well
established. However, in recent years, the role of vitamin D in extraskeletal health
has been widely explored. In the cardiovascular area, vitamin D deficiency has been
independently associated with the occurrence of myocardial infarction, stroke and
cardiovascular death. The mechanisms to explain the association between
hypovitaminosis D and cardiovascular disease are still not fully understood, and their
association with atherosclerosis is postulated. However, studies attempting to
correlate hypovitaminosis D with atherosclerosis markers have produced conflicting
results, in the same way as small randomized trials of oral supplementation to
evaluate intermediate outcomes, so there is currently considerable debate about
whether hypovitaminosis D represents a new risk or would be just an inflammatory
marker. In the first article, a comprehensive review was made of the role of vitamin D
deficiency in the pathogenesis of cardiovascular disease, from basic aspects of its
biosynthesis to the results of interventional studies, through its oral supplementation.
The second article presents the results of a cross - sectional analysis of 382
individuals living in quilombola communities in Alcantara - MA, participants of the
PREVRENAL cohort, presenting at least one cardiovascular risk factor, with a mean
age of 57.79 (x 15.3) years and a slight predominance, in which the serum levels of
25-hydroxyvitamin D, the stable circulating form of the vitamin, were correlated with
an established marker of subclinical atherosclerosis, carotid intima-media thickness,
and other cardiovascular risk factors. Socio-demographic, lifestyle, anthropometric
and clinical data were collected and biochemical tests were performed, including the
dosage of 25-hydroxyvitamin D by means of the electrochemiluminescence assay.
The urinary excretion of albumin was evaluated by means of the albumin / creatinine
ratio in an isolated sample of urine. Hypovitaminosis D was defined as serum 25-
hydroxyvitamin D levels <30 ng / mL. All participants underwent examination of the
common carotid arteries by high-resolution ultrasonography to measure the intima-
media thickness, and the mean of the measurements on both sides was adopted.
Serum levels of 25-hydroxyvitamin D were 50.4 (£ 13.5) ng / mL, with a low
prevalence of hypovitaminosis D (<5%). By simple linear correlation, there was a
significant inverse association between 25-hydroxyvitamin D levels and carotid
intima-media thickness (r = -0.174, p = 0.001). However, after multiple regression



analysis, only the variables male gender, age, smoking, systolic blood pressure,
fasting blood glucose and LDL-cholesterol remained significantly associated with
carotid intima-media thickness. Levels of 25-hydroxyvitamin D were independently
associated positively with HDL-cholesterol and inversely with urinary albumin
excretion. In conclusion, in this Afrodescendant population, with a low prevalence of
hypovitaminosis D, there was no independent association between serum 25-
hydroxyvitamin D levels and carotid intima-media thickness, a finding that contradicts
the hypothesis of its antiatherosclerotic role. On the other hand, its positive
association with HDL-cholesterol and the inverse association with urinary albumin
excretion, also considered as an independent predictor of cardiovascular events,
does not allow the exclusion of cardiovascular protection actions of the vitamin in this
population profile.

Keywords: Vitamin D deficiency. Intima-media thickness (IMT). Atherosclerosis.

African continental ancestry group.
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1 INTRODUCAO

A doencga cardiovascular representa a principal causa de morte e incapacidade
no Brasil e no mundo (YUSUF et al., 2001). Embora o papel dos fatores de risco
tradicionais, incluindo hipertensao arterial sistémica, tabagismo, dislipidemia e
diabetes mellitus, ja esteja consolidado por varios estudos epidemioldgicos, sabe-se
que eles podem nao explicar completamente o desenvolvimento da doenga
cardiovascular ou mesmo nao estar presentes em muitos individuos acometidos pela
mesma (KHOT et al., 2003), o que tem suscitado a busca continua de novos fatores
de risco. Evidéncias crescentes, obtidas nos ultimos anos, sugerem que a deficiéncia
de vitamina D possa estar associada a um maior risco de doenga cardiovascular,
podendo representar um fator de risco emergente ou nao-classico (GINDE et al.,
2009).

Apesar da denominacéo tradicional, a vitamina D é, na verdade, um horménio,
cuja fungao primordial consiste na regulacdo da homeostase do célcio e fésforo, em
interacdo com as paratireoides, rins e intestinos. Em condi¢bées normais, apenas
aproximadamente 10% da vitamina D necesséria sdo obtidos por ingestao alimentar,
sob a forma tanto de vitamina D2 (ergocalciferol) como vitamina D3 (colecalciferol).
Assim, a sua principal fonte é representada pela sintese no préprio organismo, que
se inicia com a ativagdo de um precursor cutdneo pela radiacao ultravioleta solar e
envolve sucessivos processos de hidroxilacao a nivel hepatico e renal (REIS et al.,
2009; MARQUES et al., 2010).

O papel da vitamina D na regulacdo do metabolismo ésseo ja estd bem
estabelecido ha décadas. Nesta funcao, ela promove aumento da absor¢ao intestinal
e da reabsorcao renal de calcio, atuando ainda em sua mobilizacao a partir do 0sso,
na presenca do horménio paratiredideo (PTH). Assim, doengas como o raquitismo e
a osteomalacia tém sido classicamente atribuidas a deficiéncia prolongada de
vitamina D (MARQUES et al., 2010).

Entretanto, nos ultimos anos varios estudos tém evidenciado que a fungao da
vitamina D no organismo se estende muito além da saude 6ssea, incluindo a
regulagao do sistema imunoldgico e efeitos anti-proliferativos nas células, podendo
ainda desempenhar um papel importante na patogenia da doenca cardiovascular
(REIS et al., 2009; TEMMERMAN, 2011). Estas acoes, ditas ndo calcémicas, sao



exercidas sobre receptores especificos, que regulam a transcricdo do &acido
desoxirribonucléico (DNA) em &cido ribonucleico (RNA), semelhantes aos receptores
para esterdides, horménios tireoidianos e retindides, presentes em inimeros tipos
celulares, incluindo epitélio do intestino delgado, células hematopoiéticas, linfocitos,
células epidérmicas, células pancreaticas, miocitos, neurdnios, cardiomidcitos,
células do musculo liso vascular, endotélio e tecido placentario, além de
osteoblastos, osteoclastos e células tubulares renais (MARQUES et al., 2010).

Atualmente se sabe que a forma biologicamente ativa da vitamina D exerce
acoes modulatérias diretamente sobre mais de 200 genes humanos. Assim, a
deficiéncia de vitamina D tem sido associada a desordens tdo variadas quanto
doencas auto-imunes, infeccoes, desfechos materno-fetais desfavoraveis e cancer
colo-retal. Especificamente em relagdo ao risco cardiovascular, a hipovitaminose D
tem sido independentemente associada a ocorréncia de hipertensao arterial
(FORMAN et al., 2007), resisténcia insulinica e sindrome metabdlica (LU et al., 2009;
PACIFICO et al., 2011; MINAMBRES et al., 2012), diabetes mellitus tipos 1 e 2
(KNEKT et al., 2008), doenca arterial periférica (MELAMED et al., 2008), infarto do
miocardio (GIOVANNUCCI et al., 2008), acidente vascular cerebral (PILZ et al.,
2008) e mortalidade relacionada (MELAMED et al., 2008).

Estas evidéncias se tornam particularmente alarmantes quando se considera a
alta prevaléncia da deficiéncia de vitamina D nas populagées ja estudadas, atingindo
em geral mais da metade dos individuos (TARGHER et al., 2006; HOLICK et al.,
2006; LU et al.,, 2009; MITHAL et al., 2009), e o nivel endémico da doenca
cardiovascular a nivel global (YUSUF et al., 2001). Além disso, tem sido descrito que
a deficiéncia de vitamina D é mais prevalente em individuos de pela escura, o que
pode ser explicado pelo fato de a melanina agir como um filtro solar natural, podendo
reduzir significativamente sua sintese (CLEMENS et al., 1982). Isto pode ser
agravado por uma dieta mais deficitaria nesta vitamina em populacbées menos
favorecidas.

Os mecanismos pelos quais os niveis de vitamina D podem influenciar o risco
cardiovascular ainda nao estdao de todo esclarecidos, sendo postulada a sua
participacao na patogenia da aterosclerose. Assim, alguns estudos tém demonstrado
envolvimento da vitamina D no mecanismo de resisténcia insulinica (CHIU et al.,
2004), na indugcédo da secrecdo de prostaciclina, a qual tem papel importante na

reducdo da trombogenicidade, adesao celular e proliferacdo de células musculares



lisas (WAKASUGI et al., 1991), na regulagéo da expressao de varias proteinas com
acdo vascular (ZITTERMANN; SCHLEITHOFF; KOERFER, 2005) e, ainda, na
supressao de citocinas pro-inflamatoérias, incluindo a interleucina-6 e o fator de
necrose tumoral-a in vitro and in vivo (ZITTERMANN; KOERFER, 2008a). Além
disso, em ratos, a vitamina D funciona como um inibidor do sistema renina-
angiotensina (LI et al., 2002) e previne o desenvolvimento de hipertrofia miocardica
(XIANG et al., 2005).

No entanto, os poucos estudos que tém procurado correlacionar niveis de
vitamina D com sinais precoces de aterosclerose sao, em geral, de pequeno porte,
envolvem populacdes especificas e tém reportado achados conflitantes (ARAD et al.,
1998; TARGHER et al., 2006; REIS et al., 2009; JOERGENSEN et al., 2011; ZANG
et al.,, 2012; YADAV et al., 2012), inexistindo pesquisas dessa natureza na
populagao latino-americana. Em populagdes afro-descendentes, em especial em
descendentes quilombolas, populagéo objeto desta pesquisa, n&o apenas nao foram
encontradas pesquisas correlacionando hipovitaminose D com aterosclerose como é
escassa a informagdo sobre o status da vitamina D especificamente neste perfil
populacional (MIIJKOVIC et al., 2011), inexistindo estudos brasileiros.

Assim, no presente estudo, buscando-se explorar a possivel existéncia de
associagao entre hipovitaminose D e aterosclerose, procurou-se correlacionar os
niveis séricos de 25-hidroxivitamina D, a forma circulante estavel da vitamina D, com
a medida da espessura intimo-medial carotidea (EMIC), um marcador de
aterosclerose subclinica amplamente validado como preditor independente de
eventos cardiovasculares (O’LEARY et al., 1999; RUNDEK et al., 2008), e outros
fatores de risco cardiovascular, em individuos afro-descendentes participantes de
uma coorte de base populacional envolvendo habitantes de comunidades

quilombolas, em Alcantara, no litoral oeste do Estado do Maranhéo.



2 REFERENCIAL TEORICO

2.1 Afrodescendentes residentes em comunidades quilombolas

Os grupos étnicos conhecidos como “comunidades remanescentes de
quilombos”, “quilombolas” ou “comunidades negras rurais” sdao constituidos pelos
descendentes dos escravos negros que, no processo de resisténcia a escravidao,
originaram Qrupos sociais que passaram a ocupar um territério comum e
compartilham caracteristicas culturais até os dias de hoje. O termo quilombola vem
do tupi-guarani canybo e significa “aquele que foge muito” (SILVA et al., 2008).

O Brasil é a segunda maior nacao negra do mundo, atras somente da Nigéria.
Segundo dados oficiais, a proporcao de pretos e pardos corresponde a metade da
populacao brasileira (BEZERRA et al., 2013).

Os territérios ocupados por remanescentes de quilombolas estao distribuidos
em todas as regides do pais, geralmente em dareas rurais (SILVA et al., 2008).
Estima-se que haja no Brasil atualmente cerca de 1,17 milhdes de afrodescendentes
quilombolas, distribuidos em 1948 comunidades, sendo o maior contingente
concentrado na regiao Nordeste (BRASIL, 2011).

No Estado do Maranhao, segundo a Comissao Pré-indio de Sao Paulo, existem
527 comunidades quilombolas, distribuidas em 134 municipios. Essas comunidades
se concentram principalmente nas regides da Baixada Ocidental, Baixada Oriental,
Munim, Itapecuru, Mearim, Gurupi € Baixo Parnaiba.

As comunidades quilombolas de Alcantara estdo situadas na zona rural do
municipio, a 22 quildmetros de Sao Luis, capital do Maranhao, no litoral oeste do
Estado. Segundo a Rede Social de Justi¢a e Direitos Humanos, vivem em Alcantara
cerca de 19 mil habitantes, na sua maioria descendentes de quilombolas e indios
(CRISTALDO, 2012).

As atividades econémicas predominantes nos quilombos s@o a agricultura para
subsisténcia, a pecuaria tradicional e o artesanato. Os afrodescendentes residentes
em quilombos vivem em condicdes de vulnerabilidade, em decorréncia de sua baixa
escolaridade, condicdes socioecondmicas desfavoraveis e dificuldade de acesso ao
sistema de saude. Devido a estes fatores, estes individuos apresentam maior



incidéncia de doengas e morrem mais precocemente em todas as idades (BEZERRA
et al., 2013).

Apesar de seu papel marcante na Histéria do Brasil, s6 recentemente as
comunidades quilombolas foram reconhecidas pela Constituicao Brasileira, sendo
auto-definidas a partir das relagdes com a terra, parentesco, praticas culturais e
presuncgao de ancestralidade negra, representando o resgate de uma divida histérica
com a populacao afrodescendente (SILVA et al., 2008).

2.2 Fisiologia e metabolismo da vitamina D

Em condi¢cdes normais, apenas cerca de 10% da vitamina D necesséria ao
organismo sao obtidos através da ingestdo de alimentos, sob a forma tanto de
vitamina D2 (ergocalciferol) como de vitamina D3 (colecalciferol). Assim, a principal
fonte da vitamina D é representada por sua sintese no proprio organismo, que se
inicia na pele. Quando exposto a radiacdo ultravioleta, o precursor cutdneo da
vitamina D, o 7-dehidrocolesterol, sofre uma clivagem fotoquimica originando a pré-
vitamina D3. Essa molécula termolabil, em um periodo de 48 horas, sofre um
rearranjo molecular dependente da temperatura, o que resulta na formacédo da
vitamina D3. Tanto a vitamina D originaria da dieta, via absorcao intestinal, quanto a
formada a partir da pré-vitamina D3 na pele ligam-se a proteinas circulantes e séo
transportadas até o figado onde sao hidroxiladas no carbono 25, originando a
chamada 25-hidroxivitamina D3 [25(OH)D]. Esta é, em seguida, novamente
hidroxilada, desta vez no carbono 1, a nivel mitocondrial nas células dos tubulos
contorcidos proximais, bem como possivelmente em varios outros tecidos, sob acao
da enzima 1a-hidroxilase (1a-OHase), originando finalmente a 1,25-dihidroxivitamina
D3 [1,25(0OH).D], sua forma biologicamente ativa. Esta fase de ativacdo é
estritamente regulada pelos niveis séricos do PTH, célcio e fésforo. Embora
biologicamente inerte, no entanto, é a 25(OH)D, a forma circulante em maior
guantidade e mais estavel, que é dosada laboratorialmente e adotada na préatica
clinica para se avaliar a reserva de vitamina D no organismo (REIS et al., 2009;
MARQUES et al., 2010). O PTH, por outro lado, € um peptideo secretado em
resposta a baixos niveis de calcio e fosforo circulantes que estimula a reabsorcao de
calcio nos rins e sua remocgao do esqueleto, além de aumentar a producéao renal de
1,25(0OH)2D, como mencionado (REIS et al., 2009).



Ja esta bem estabelecido o complexo mecanismo de agdo da vitamina D a
nivel intracelular. A sua forma ativa atravessa a membrana celular, penetra na
célula-alvo e liga-se ao receptor especifico, o receptor de vitamina D (VDR), que
esta presente no citoplasma. Este complexo, 1,25(0OH).D-VDR, sofre translocacao
para o nucleo celular e heterodimeriza com o receptor do acido retindico (RXR). Na
sequéncia, o complexo 1,25(0OH)2D-VDR-RXR liga-se aos elementos de resposta da
vitamina D (VDRE) no DNA aumentando a transcricdo para o RNA dos genes
responsaveis pela expressao das proteinas envolvidas na absorcao intestinal de
calcio e fésforo (PIKE et al., 2007).

Atualmente se sabe que receptores tipo VDR estdo presentes em iniumeros
tipos celulares, incluindo células hematopoiéticas, linfécitos, células epidérmicas,
células pancreaticas, miocitos, neurdnios, cardiomidécitos, células do musculo liso
vascular, endotélio e tecido placentario, além de osteoblastos, osteoclastos, epitélio
do intestino delgado e células tubulares renais, 0 que vem explicar a multiplicidade
de acdes ndo calcémicas exercidas pela vitamina D sobre sistemas tdo variados
como o enddcrino, o imunoldgico, o reprodutor, o sistema nervoso central e o
aparelho cardiovascular, bem como as iniUmeras implicagdes da sua deficiéncia para
salde (MARQUES et al., 2010). Estima-se que a vitamina D controle, direta ou
indiretamente, cerca de 3% de todo 0 genoma humano. Assim, acredita-se que uma
ampla variedade de processos fisiolégicos, incluindo regulagdo de citocinas,
inflamacao, fibrogénese, sistema renina-angiotensina, resposta imune e crescimento
e diferenciacao celular, possam sofrer influéncias diretas ou indiretas da vitamina D
(BOUILLON et al., 2008).

2.3 Prevaléncia e fatores determinantes da hipovitaminose D

A definicao de hipovitaminose D tem sido ainda motivo de debate. No entanto,
a maioria concorda que niveis séricos de 25(0OH)D < 20 ng/mL (ou 50 nmol/l) sejam
indicativos de deficiéncia, na faixa de 20 a 30 ng/ml (ou 50 a 75 nmol/l)
correspondam a insuficiéncia e > 30 ng/ml (ou 75 nmol/l) representem suficiéncia de
vitamina D.

Varios fatores podem interferir na prevaléncia de hipovitaminose D. A
exposicao cada vez menor a luz solar, caracteristica da vida moderna em cidades,
aliada ao uso disseminado de filtro solar, estimulado pelo receio de cancer de pele,



representa, sem dlvida, o fator mais importante para a prevaléncia crescente de
hipovitaminose D em todo o mundo. Adicionalmente, em individuos de pele escura a
sintese cutanea de vitamina D pode ser reduzida em até 50 a 90%, uma vez que a
melanina funciona como um filtro solar natural. Fatores adicionais incluem baixa
latitude, inverno, extremos de idade, sexo feminino, desnutricdo, uso de vestes
cobrindo a maior parte do corpo e obesidade (ARABI et al., 2010; DINI; BIANCHI,
2012).

Assim, segundo estudos realizados em varios continentes, a deficiéncia de
vitamina D representa uma das condi¢des mais comuns no mundo atual. Estima-se
que mais da metade das criangas e adultos que vivem nos Estados Unidos da
América, Canada, México, Europa, Asia, Nova Zelandia e Austrdlia sofram da
hipovitaminose D (DINI; BIANCHI, 2012).

Inquérito populacional recente realizado nos Estados Unidos demonstrou que a
prevaléncia de insuficiéncia de vitamina D duplicou nos ultimos 10 anos,
acometendo atualmente nada menos que 90% das populacbes pigmentadas
(negros, hispanicos e asiaticos) e em torno de % da populacdo branca (ADAMS;
HEWISON, 2010).

Varios estudos tém sido conduzidos na india, demonstrando em geral altas
prevaléncias de deficiéncia de vitamina D, a despeito de se tratar de um pais
ensolarado na maior parte do ano, tanto nas areas urbanas como rurais e em todos
0s grupos etarios e ambos os sexos (GOSWAMI; MISHRA; KOCHUPILLAI, 2008;
DINI; BIANCHI, 2012).

Em paises do Oriente Médio e em outros paises arabes, a hipovitaminose D
também tem apresentado prevaléncia expressiva (DINI; BIANCHI, 2012). Estudo de
base populacional realizado em Teera, por exemplo, observou uma prevaléncia de
81,3% (HASHEMIPOUR et al., 2004).

Na China, em estudo transversal de base populacional realizado em duas
grandes cidades, incluindo mais de 3.200 individuos, com idade variando de 50 a 70
anos, a prevaléncia de deficiéncia (< 20ng/ml) e insuficiéncia (20-30 ng/ml) de
25(0OH)D foi de, respectivamente, 69,2 e 24,4% (LU et al., 2009).

Mesmo em habitantes da Africa subsaariana, que conta com ampla
disponibilidade da luz solar ao longo do ano, nada menos que 1/3 a metade dos
mesmos apresentam niveis séricos de 25(OH)D abaixo de 10 ng/ml (ARABI et al.,
2010). Por outro lado, em estudo envolvendo 424 individuos afro-descendentes



idosos (>65 anos), participantes de uma coorte de base populacional em uma ilha do
Caribe, onde a exposicdo solar da populacdo era notadamente elevada, foi
observada uma baixa prevaléncia de deficiéncia de vitamina D, de apenas 2,8%,
com uma prevaléncia de insuficiéncia comparativamente modesta (24%), apesar de
tratar-se de uma populagdo de pele escura e idosa, o que reforca o papel
preponderante da radiacao ultravioleta na geracao de vitamina D em seres humanos
(MIIJKOVIC et al., 2011).

No Brasil, estudos realizados em varias regiées indicam valores subétimos de
vitamina D, verificando-se alta prevaléncia de hipovitaminose D em diversas faixas
etarias, inclusive em adolescentes (MAEDA et al., 2014). Em geral, sdo estudos
pequenos, utilizando amostras de conveniéncia, em varios perfis populacionais
(MAEDA et al.,, 2014). Nos dois maiores identificados (KUCHUK et al., 2009;
ARANTES et al., 2013), ambos abordando mulheres na pds-menopausa,
envolvendo, respectivamente, 1.933 e 1.486 participantes, a prevaléncia de
hipovitaminose D foi superior a 60%. Merece destaque ainda o estudo de Unger et
al. (2010), que encontrou prevaléncia acima de 70% em 603 funcionarios e
estudantes voluntarios saudaveis da Universidade de Sao Paulo, com idade
variando de 18 a 90 anos. Nao foram identificados estudos envolvendo

especificamente populag¢des afro-descendentes no Brasil.

2.4 Associacao entre deficiéncia de vitamina D e marcadores de aterosclerose

subclinica e inflamacao

Alguns estudos, predominantemente transversais e de pequeno porte, tém
evidenciado associagdo entre niveis séricos de 25(OH)D e marcadores de
aterosclerose subclinica e inflamatérios, embora persistam alguns achados
conflitantes.

Em andlise transversal de 119 pacientes diabéticos tipo 2 de meia idade,
Bonakdaran e Varasteh (2009) observaram associacao significativa entre deficiéncia
de 25(OH)D e tanto proteina C-reativa ultra-sensivel (PCR-US) elevada como a
presencga de microalbumindria. J& em estudo observacional prospectivo envolvendo
227 diabéticos tipo 1, Joergensen et al. (2011) verificaram que a deficiéncia severa
de 25(0OH)D (<15.5 nmol/l) na avaliagdo basal nao foi preditiva de desenvolvimento
de microalbuminuria, embora tenha se associado a maior mortalidade total.



Amer e Qayyum (2012), analisando os dados de adultos assintomaticos
incluidos no National Health and Nutrition Examination Survey (NHANES) 2001-
2006, verificaram também uma correlagéo inversa significativa entre niveis séricos
de 25(0OH)D e PCR-US, independente dos fatores de risco convencionais, mas
apenas naqueles com niveis de 25(0OH)D <21 ng/ml, notando, de forma
aparentemente paradoxal, uma correlacdo positiva entre estas duas variaveis
qguando consideraram apenas o subgrupo com niveis de 25(0OH)D > 21 ng/ml.

Em estudo envolvendo 100 pacientes submetidos a angiografia coronaria,
observou-se uma correlacao positiva entre niveis séricos de 25(OH)D e a dilatacao
mediada por fluxo (DMF) de artéria braquial, ou seja, quanto mais baixos 0s niveis
de 25(OH)D, maior o grau de disfungcao endotelial (SYAL et al., 2012). Tarcin et al.
(2009), comparando 23 individuos assintomaticos com deficiéncia de 25(OH)D
(niveis séricos < 25 nmol/l) com um grupo com niveis normais da vitamina (média de
75 nmol/L), também verificaram que a taxa de DMF era significativamente menor no
grupo deficiente em vitamina D.

Em estudo envolvendo 63 individuos adolescentes obesos, Bacha e Arslanian
(2016) encontraram inicialmente associagao inversa significativa entre niveis de
25(0OH)D e EMIC, mas tal associacdo desapareceu apoés inclusdo da variavel raca
no modelo multivariado, demonstrando associagao independente entre a etnia afro-
americana e maior EMIC.

Em analise transversal de uma coorte de base populacional, o Rancho
Bernardo Study, abordando 654 individuos saudaveis, predominantemente idosos
(média de idade de 75,5 anos), Reis et al. (2009) observaram, ap6s analise
multivariada, correlagcdo inversa entre os niveis séricos de 25(0OH)D e a EMIC
interna.

Associacdo inversa significativa, independente de fatores de risco
convencionais, entre niveis séricos de 25(OH)D e EMIC (carétida comum) também
foi verificada em diabéticos tipo 2 (TARGHER et al., 2006; LIU et al., 2012). No
estudo de Liu et al. (2012), observou-se ainda que individuos com placas
ateromatosas carotideas apresentavam niveis séricos de 25(OH)D
significativamente mais baixos do que aqueles sem este achado. No estudo de
Targher et al. (2006), foi verificado também que aqueles com hipovitaminose D,

quando comparados com o0 subgrupo com niveis normais de 25(OH)D,
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apresentavam concentragbes significativamente mais elevadas de fibrinogénio e
PCR-US.

Analisando transversalmente 415 individuos, também diabéticos tipo 2, com
média de idade de 60+9 anos, participantes de uma coorte dinamarquesa, Winckler
et al. (2015), no entanto, ndo encontraram nenhuma associagao entre niveis de
25(0OH)D e a EMIC, nem rigidez arterial, avaliada pelo calculo do coeficiente de
distensibilidade carotidea e médulo elastico de Young, por ultrassonografia.

Em estudo envolvendo 1.193 pacientes com diabetes mellitus tipo 1,
participantes do Diabetes Control and Complications Trial (DCCT), Sachs et al.
(2013) verificaram associacao significativa entre deficiéncia de 25(OH)D e escore de
calcio coronério, avaliado por tomografia computadorizada, mas também nenhuma
correlagédo com a EMIC.

Em analise transversal de 926 mulheres chinesas climatéricas saudaveis, com
hipovitaminose D, Hao et al. (2015) verificaram uma associacao inversa significativa
independente entre niveis de 25(0OH)D e a EMIC.

Em pacientes com doencga renal cronica, correlacdo inversa entre os niveis
séricos de 25(0OH)D e a medida da EMIC foi observada por Yadav et al. (2012), em
individuos em estagios 4 e 5 ndo dialiticos, mas ndo por Zang et al. (2012), que
abordaram apenas nefropatas diabéticos, nem por Ng et al. (2016). No estudo de
Yadav et al. (2012) foi observada também correlagdo inversa com 0s niveis séricos
da PCR-US, e no de Zang et al. (2012), com o escore de calcio coronariano.

Ross et al. (2011), analisando 149 pacientes HIV-positivos, ndo encontraram
nenhuma associacdo entre niveis séricos de 25(OH)D e nem marcadores
inflamatérios (fator de necrose tumoral a, interleucina 6 e PCR-US) nem marcadores
endoteliais (molécula de adesado intercelular-1 e molécula de adesédo celular
vascular-1).

Por fim, em coorte multicéntrica europeia, envolvendo 3.430 individuos de alto
risco cardiovascular, de meia idade e idosos, Deleskog et al. (2013) observaram
multiplas associagdes entre niveis de 25(OH)D e fatores de risco cardiovascular ja
conhecidos, mas nenhuma associag¢ao consistente, independente, com medidas da
EMIC.
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2.5 Implicacoes cardiometabodlicas e vasculares da deficiéncia de vitamina D:

estudos epidemioldgicos e clinicos

Resultados de varias grandes coortes e estudos tipo caso-controle, publicados
nos ultimos anos, tém trazido importantes evidéncias associando deficiéncia de
vitamina D com maior risco cardiovascular.

A evidéncia da importdncia da vitamina D na homeostase do sistema
cardiovascular foi inicialmente sugerida, experimentalmente, pela observacao de que
ratos knockout, desprovidos dos receptores VDR, apresentavam mineralizagcao
Ossea deficiente, fibras musculares pequenas, sofriam de HAS e morriam de
insuficiéncia cardiaca (IC) (BOUILLON et al., 2008).

Em coorte prospectiva do Third National Health and Nutrition Examination
Survey (NHANES Ill), envolvendo 3.408 americanos idosos (= 65 anos),
acompanhados durante cerca de sete anos, verificou-se, ap6s analise multivariada,
que niveis basais de 25(0OH)D estiveram inversamente associados com o risco de
mortalidade por todas as causas, mas a associacdo mostrou-se ainda mais forte
para a mortalidade cardiovascular (GINDE et al., 2009).

No estudo Framingham Offspring, envolvendo 1.739 individuos saudaveis na
avaliacao basal, com média de idade de 59 anos, seguidos por cinco anos, verificou-
se que aqueles com deficiéncia de vitamina D [25(OH)D < 15 ng/ml] apresentaram
uma razao de risco para ocorréncia de eventos cardiovasculares de 1,62 quando
comparados com aqueles com niveis = 15 ng/ml, mesmo apds ajuste para fatores de
risco convencionais (WANG et al., 2008).

Na coorte Health Professionals Follow-up Study, que acompanhou 18.225
individuos do sexo masculino, com idade entre 40 e 75 anos, por 10 anos, 0s
autores observaram que os participantes com deficiéncia de vitamina D [25(OH)D
<15 ng/mL] apresentaram uma incidéncia de infarto do miocardio significativamente
maior do que aqueles com niveis considerados suficientes (=230 ng/mL), com um
risco relativo de 2,42, apdés analise multivariada (GIOVANNUCCI et al., 2008).
Estudo recente, envolvendo 1.259 individuos, demonstra que o status da vitamina D
pode influenciar também o progndéstico de individuos ja acometidos pelo infarto do
miocardico (NG et al., 2013).

No estudo Ludwigshafen Risk and Cardiovscular Health (LURIC), em que 3.316
pacientes, referenciados para realizar uma angiografia coronaria, foram
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acompanhados por sete anos, evidenciou-se que baixos niveis tanto de 25(OH)D
quanto de 1,25(0OH).D foram preditores independentes de acidente vascular cerebral
(AVC) fatal (PILZ et al., 2008). Resultado semelhante foi obtido no Copenhagen City
Heart Study, uma coorte que acompanhou 10.170 individuos de uma populagao
geral durante 21 anos, onde se evidenciou também uma clara associagdo inversa
independente entre niveis séricos de 25(OH)D e incidéncia de AVC isquémico
(BRONDUM-JACOBSEN et al., 2013).

Analisando transversalmente dados de 4.839 participantes do National Health
and Nutrition Examination Survey 2001-2004, Melamed et al. (2008) verificaram que
individuos no quartil inferior de niveis séricos de 25(OH)D, comparativamente
aqueles do quartil superior, apresentavam uma razao de risco de prevaléncia de
doenca arterial periférica de 1,8, apds analise multivariada.

Associacao entre deficiéncia de vitamina D e presenca de aneurisma de aorta
abdominal foi relatada por Wong et al. (2013) em estudo observacional envolvendo
4.233 homens idosos (70-88 anos), sendo 311 diagnosticados como portadores de
aneurisma de aorta abdominal. Apds andlise multivariada, os autores observaram
que participantes pertencentes ao quartil inferior quando comparados com aqueles
do quartil superior de 25(0OH)D apresentavam uma razao de risco de apresentar um
aneurisma de aorta abdominal variando de 1,23, para aneurismas = 30 mm, a 5,42,
para aneurismas =240 mm.

Analisando 90 pacientes idosos (idade =60 anos) com insuficiéncia cardiaca
estavel e 31 controles, Ameri et al. (2010) observaram concentragdes de 25(0OH)D
significativamente mais baixas naqueles com insuficiéncia cardiaca, verificando
entre estes uma prevaléncia de hipovitaminose D (25(OH)D < 30ng/ml) de quase
100%. Observaram ainda que individuos com niveis <10 ng/ml apresentavam
diametros e volumes tanto telediastélicos como telessistolicos do ventriculo
esquerdo maiores e fracao de ejecdo mais baixa comparativamente aqueles com
niveis 210 ng/ml.

A associagao entre deficiéncia de vitamina D e hipertensédo arterial sistémica
(HAS), sindrome metabdlica (SM) e diabetes mellitus (DM) também tem sido
pesquisada. Um estudo realizado na Africa e publicado no inicio da década de 1990,
onde foram observadas diferencas nos niveis de pressao arterial de acordo com a
area geografica analisada, registrando-se niveis mais elevados em individuos
residindo em areas mais distantes da linha do equador, ja chamava a atencao dos
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pesquisadores para a possibilidade de os niveis de vitamina D estarem implicados
nesta associacao (COOPER; ROTIMI, 1994). Mais recentemente, varias analises da
populacdo do Third National Health and Nutrition Examination Survey (NHANES Il1),
resumidas em revisao de Ullah et al. (2010), ttm demonstrado uma clara associagao
inversa entre niveis de 25(0OH)D e pressao arterial, de forma independente de
inUmeras variaveis potencialmente confundidoras.

Em participantes de duas coortes prospectivas, incluindo 613 homens do
Health Professionals’ Follow-Up Study e 1.198 mulheres do Nurses' Health Study,
durante quatro anos de seguimento, o risco relativo de desenvolvimento de HAS em
homens com deficiéncia de 25(0OH)D (niveis séricos <15 ng/mL), ap6s analise
multivariada, foi de 6,13 em comparagao com aqueles com niveis = 30 ng/ml. Entre
as mulheres, a mesma comparacao evidenciou um risco relativo de 2,67 (FORMAN
et al., 2007).

Em estudo transversal de base populacional realizado em duas grandes
cidades chinesas, incluindo mais de 3.200 individuos, com idade variando de 50 a
70 anos, verificou-se que niveis mais baixos de 25(OH)D se associaram de forma
significativa ndo s6 com a presenca de SM como de qualquer de seus componentes,
apos andlise multivariada. O estudo evidenciou ainda, em individuos com sobrepeso
ou obesidade, uma significativa associagao inversa entre niveis séricos de 25(0OH)D
e tanto a insulinemia de jejum como o indice de resisténcia insulinica avaliado pelo
HOMA (homeostasis model assessment of insulin resistance) (LU et al., 2009).
Associacdo entre hipovitaminose D e presenca de SM, em estudos menores,
também foi observada em obesos (MINAMBRES et al., 2012) e criangas (PACIFICO
etal., 2011).

Em analise transversal de 6.228 participantes do NHANES Ill, com idade = 20
anos, a presenca de DM associou-se significativamente com niveis mais baixos de
25(0OH)D, ap6s andlise multivariada, em brancos nao-hispanicos e individuos de
origem mexicana, notando-se, no entanto, auséncia de tal associacao entre negros
nao-hispanicos (SCRAGG; SOWERS; BELL, 2004).

Em meta-analise realizada por Pittas et al. (2007), observou-se, com base em
estudos observacionais, uma associacao consistente entre baixos niveis de
25(0OH)D e prevaléncia tanto de SM como de DM tipo 2. Baixos niveis de vitamina D
também se associaram a maior incidéncia destas condigées.
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Uma outra associacao que tem sido explorada é entre deficiéncia de vitamina D
e ocorréncia de pré-eclampsia. O fato de gestantes negras, em comparacao as
brancas, apresentarem maior incidéncia de pré-eclampsia e maior prevaléncia de
hipovitaminose D levantou a hip6tese de que a deficiéncia da vitamina pudesse ter
alguma implicagdo com a patogenia da doenga (BODNAR et al., 2007). Um estudo
tipo caso-controle desenvolvido pelos autores, em que gestantes nuliparas foram
acompanhadas desde o primeiro trimestre até o parto, reforgou a existéncia desta
associacao. Na pesquisa, uma concentracdo basal < 15 ng/l associou-se, de forma
independente, a um risco cinco vezes mais elevado de ocorréncia da doenca.

Por fim, meta-analise publicada recentemente por Wang et al. (2012), que
analisou 19 estudos prospectivos envolvendo ao todo 65.994 participantes, confirma
a associagao inversa e geralmente linear entre os niveis circulantes de 25(OH)D e o
risco de DCV. Nesta analise, o risco relativo da categoria de niveis mais elevados de
25(0OH)D em relagéo a de niveis mais baixos foi de 1,52 para todas as doencgas
cardiovasculares, 1,42 para mortalidade cardiovascular, 1,38 para doenca arterial
coronariana (DAC) e 1,64 para AVC.

2.6 Possiveis mecanismos envolvidos na associacao entre vitamina D e
doenca cardiovascular

Os mecanismos pelos quais a vitamina D exerceria seus efeitos cardio e
vasculoprotetores ainda ndo estdo completamente esclarecidos, sendo apontados
os seus efeitos regulatérios sobre o Sistema Renina-Angiotensina (SRA), o controle
glicémico, as citocinas inflamatérias, os niveis do Exame do hormbnio da
paratireoide (PTH) e a deposicao de calcio no musculo liso vascular, além de acdes
vasculares diretas.

2.6.1 Vitamina D e sistema renina-angiotensina

O SRA tem sabidamente um papel critico na homeostase da volemia e
eletrélitos, na regulagdo da pressao arterial e na patogenia da aterosclerose, ja
estando bem estabelecido que a estimulagéo inapropriada deste sistema se associa
com HAS e maior incidéncia de doengas cardiovasculares (DCV) (ULLAH et al.,
2010).
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Uma boa evidéncia favorecendo o papel da vitamina D na regulagdo do SRA
provém de estudos experimentais. Em estudo envolvendo ratos knockout,
desprovidos dos VDR, demonstrou-se produgéo elevada de renina e angiotensina |,
causando HAS, hipertrofia cardiaca e aumento da ingestdo de &gua. Estas
anomalias puderam ser evitadas com o tratamento de um inibidor da enzima
conversora da angiotensina ou de um antagonista do receptor da angiotensina Il.
Com base nestes achados, p6de-se concluir que a vitamina D é um potente
supressor endocrino da biossintese da renina. Por outro lado, em ratos normais,
demonstrou-se que a deficiéncia de vitamina D estimula a expressao de renina,
enquanto que, se for administrada a 1,25(0OH).D, ocorre uma redugéo da sintese de
renina. E ainda, em culturas de células, a 1,25(OH).D foi capaz de suprimir
diretamente a transcricao do gene da renina por um mecanismo dependente do VDR
(LI et al., 2004). Por outro lado, ha evidéncias de que o PTH, cujos niveis séricos
podem aumentar secundariamente a hipovitaminose D, pode também ter um efeito
estimulador direto sobre a secrecdo de renina (ULLAH et al.,, 2010). Assim, as
evidéncias sugerem fortemente que a deficiéncia de vitamina D possa estar
implicada na patogenia da HAS via ativagdo do SRA.

2.6.2 Vitamina D e sensibilidade a insulina

A associacao entre obesidade, especialmente a abdominal, e diminuicao da
sensibilidade a insulina ja estd bem estabelecida. Por outro lado, tem sido
demonstrado que obesos tém prevaléncia aumentada de deficiéncia de vitamina D,
0 que tem sido explicado tanto pela eventual menor exposicdo a luz solar, ja que
estes individuos tém menor chance de realizar atividades fisicas ao ar livre, como
pelo maior sequestramento da mesma no tecido adiposo, devido a sua conhecida
lipossolubilidade, com diminuicdo de sua biodisponibilidade (ULLAH et al., 2010). A
demonstracao de uma forte correlacao inversa independente entre glicemia e niveis
séricos de 25(0OH)D (BAYNES et al., 1997; LIU et al., 2009) aliada aos estudos
epidemioldgicos associando deficiéncia de vitamina D com maior incidéncia de DM
tipo 2 (SCRAGG; SOWERS; BELL, 2004; PITTAS et al., 2007) tem sugerido um
papel direto importante da deficiéncia desta vitamina na patogenia da doenca.
Parece que niveis adequados de vitamina D no organismo sado essenciais no
processo de sensibilidade a insulina, como apontam algumas pesquisas. No estudo
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de Chiu et al. (2004), por exemplo, envolvendo 126 adultos saudaveis, ficou evidente
a correlacao positiva entre as concentragdes séricas de 25(0OH)D e a sensibilidade a
insulina. Por outro lado, existe também evidéncia de que a hipovitaminose D esta
associada com diminuicdo da secrecdo da insulina, via disfuncao da célula 3, como
demonstrado em ratos (NORMAN et al., 1980), o que tem sido corroborado por sua
associacao também com a incidéncia de DM tipo 1 (THE EURODIAB SUBSTUDY 2
STUDY GROUP, 1999).

Um mecanismo que tem sido proposto para explicar a associacao entre
deficiéncia de vitamina D e obesidade, HAS, DM tipo 2 e outras manifestacées da
SM envolve o metabolismo do calcio (RESNICK, 1991). Baixos niveis séricos de
célcio, resultantes da deficiéncia de vitamina D, podem acarretar, como ja bem
sabido, elevacédo secundaria do PTH, o qual, por sua vez, promove aumento deste
ion a nivel intracelular. O aumento do calcio intracelular pode levar tanto a maior
diferenciacdo de pré-adipécitos em adipdcitos como inibir a fungcdo da GLUT-4,
enzima envolvida na captacao celular de glicose mediada pela insulina. Ha também
evidéncia de que o célcio intracelular aumentado pode ter um efeito estimulante
sobre a atividade da enzima 11-beta hidroxiesterdide desidrogenase tipo 1,
semelhante ao da angiotensina Il, determinando aumento da producao de cortisol
nos adipécitos (ZEMEL; SOBHANI, 2003).

2.6.3 Agdes vasculares e cardiacas da vitamina D

Estudos experimentais tém demonstrado varias ag¢des da vitamina D
diretamente sobre o coragdo e vasos sanguineos, podendo exercer, assim,
importante papel protetor contra o desenvolvimento da DCV.

Em cultura de células de musculo liso vascular de coelho, Wakasugi et al.
(1991) demonstraram que a sintese da PGI2, a qual tem papel importante na
reducdo da trombogenicidade, adesao celular e proliferacédo de células musculares
lisas, aumentou significativamente na presenga de 1,25(0H).D. E possivel, pois, que
a vitamina D funcione como um importante agente vasoativo e possa, assim, exercer
um papel protetor contra o desenvolvimento da aterosclerose.

Além disso, tem sido demonstrada a sua participacdo na regulagdo da
expressdo de varias proteinas com agédo vascular, como fator de crescimento
endotelial, metaloproteinase tipo 9, miosina, elastina, colageno tipo 1 e acido y-
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carboxiglutamico, esta ultima uma proteina que protege o vaso contra a calcificacao
parietal e, ainda, na supressdao de citocinas pré-inflamatérias, incluindo a
interleucina-6 e o fator de necrose tumoral-a in vitro e in vivo (ZITTERMANN;
KOERFER, 2008a).

Ha ainda evidéncias experimentais de que sua agao antiaterogénica envolve
efeitos especificos sobre o sistema imunolégico, incluindo um efeito direto sobre as
células CD4 naive, induzindo o desenvolvimento de linfécitos Th2, que produzem
interleucina-10 (IL-10), a qual inibe a ativagdo de macréfagos, etapa-chave no
processo aterogénico (BOONSTRA et al., 2001). Além disso, inibe a transcricdo do
interferon- y (IFN-y), secretado pelas células Th1, que €, ao contrario, um potente
ativador dos macrofagos e supressor dos linfocitos Th2 (STAEVA-VIEIRA;
FREEDMAN, 2002).

Em relagdo ao coragdo, ha evidéncias de que a vitamina D tem um importante
papel na modulacao e manutengao da sua estrutura e funcao celular. O tratamento
com 1,25(0OH).D aumenta a expressdao da miotrofina, uma proteina muscular
cardiaca, e diminui a expressdao do peptideo natriurético atrial, um marcador
bioquimico de risco, que estd inversamente relacionado com a funcao cardiaca.
Além disso, o tratamento com 1,25(OH),D aumenta a expressao e localizacao
nuclear do VDR nas células cardiacas (ZITTERMANN; KOERFER, 2008b). Assim, a
supressao dos efeitos da vitamina D justifica o desenvolvimento de hipertrofia
miocardica e insuficiéncia cardiaca no modelo experimental ja citado de ratos
knockout, desprovidos de VDR (BOUILLON et al., 2008).

2.7 Efeitos da reposicao de vitamina D na doenca cardiovascular

Dados de estudos randomizados controlados para avaliar o impacto da
suplementagao de vitamina D no risco cardiovascular sao limitados, principalmente
em relacdo aos desfechos pesados, e tém reportado, por vezes, resultados
conflitantes. Em geral as evidéncias sdo oriundas de estudos que abordaram
populacdes especificas.

Em mulheres pds-menopausicas, os achados tém sido bastante variados e em
geral desapontadores. Em um estudo envolvendo 305 mulheres saudaveis, com
idades variando de 60 a 70 anos, que receberam de forma randémica 400 ou 1.000
Ul de vitamina D3 ou placebo, objetivando avaliar o efeito da vitamina sobre o perfil
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lipidico, resisténcia insulinica, biomarcadores inflamatérios e pressao arterial, os
autores observaram apenas pequenas alteragdes nos niveis séricos de
apolipoproteina B100 (-1,0 mg/dl no grupo 400 Ul, -1,0 mg/dl no grupo 1000 Ul e
+0,02 mg/dl no grupo placebo), que, apesar de significativas, foram consideradas
clinicamente irrelevantes (WOOD et al., 2012). No entanto, ha que frisar-se, como
limitacOes, que, neste estudo, a deficiéncia de vitamina D nao constituiu critério de
inclusado e, ainda, as doses de suplementacao utilizadas podem ser consideradas
baixas.

Da mesma forma, Gannagé-Yared et al. (2003), avaliando um grupo de apenas
47 mulheres p6s-menopdausicas saudaveis, quanto aos efeitos de um curso de 12
semanas de 800 Ul de vitamina D associada a 1.000 mg de célcio por dia sobre o
perfil inflamatério, fungdo pancreatica e parametros lipidicos, ndo observaram
nenhuma alteragao significativa nos niveis séricos de interleucina 6, fator de necrose
tumoral alfa, PCR-US, insulina, triglicérides, HDL ou LDL-colesterol. No entanto,
como limitacbes deste estudo, além do pequeno tamanho amostral, podem ser
apontados os baixos niveis basais de citocinas pré-inflamatérias nestas mulheres
saudaveis, o curto periodo de tratamento, a dose relativamente baixa de vitamina D
administrada e, principalmente, o fato de a deficiéncia de vitamina D nao ter sido
considerada um critério de inclusao.

Gepner et al. (2012), em um estudo prospectivo, randomizado, duplo-cego,
envolvendo 114 mulheres com média de idade de 64 anos, com niveis séricos de
25(0OH)D entre 10 e 60 ng/ml, em que os efeitos administragéo oral de 2.500 Ul de
vitamina D3 por dia durante quatro meses sobre marcadores de risco cardiovascular
foram comparados com placebo, também n&o evidenciaram nenhuma diferenca
significativa entre os dois grupos em relacao as alteracées da DMF, velocidade da
onda de pulso carotideo-femoral, augmentation index de aorta nem dos niveis
séricos da PCR-US.

No classico estudo Women's Health Initiative (WHI), que envolveu 36.282
mulheres pds-menopausicas saudaveis, com idade variando de 50 a 79 anos,
randomizadas para tomar 1.000 mg de calcio + 400 Ul de vitamina D por dia ou
placebo e acompanhadas por sete anos, também nao foi observada nenhuma
diferenca significativa entre os grupos, tratamento e placebo, em relagdo a
incidéncia de eventos coronarianos e cerebrovasculares (HSIA et al., 2007). Convém
frisar, no entanto, que os niveis basais de 25(OH)D no WHI ndao eram conhecidos e,
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portanto, deficiéncia de vitamina D ndo constituiu critério de inclusdo no estudo.
Além disso, no estudo, utilizou-se baixa dose de vitamina D. Chama a atencao, no
entanto, no WHI, o fato de mulheres com maior indice de massa corp6rea e
multiplos fatores de risco para DAC terem apresentado menor incidéncia de eventos
cardiovasculares no grupo tratamento ativo.

No entanto, em estudo envolvendo 148 mulheres idosas (média de idade de 74
anos) com hipovitaminose D documentada [niveis séricos de 25(0OH)D < 20 ng/ml],
randomizadas para receber, durante oito semanas, suplementacao oral de 800 Ul de
vitamina D3 + 1200 mg calcio ou apenas 1200 mg célcio por dia, Pfeifer et al. (2001)
reportaram quedas significativas na pressao arterial sistolica, frequéncia cardiaca e
niveis séricos do PTH nos participantes do primeiro grupo.

Efeitos favoraveis da suplementagdo oral de vitamina D sobre a pressao
arterial também foram relatados por Forman et al. (2013), que abordaram individuos
negros saudaveis, uma populacdo que costuma apresentar niveis circulantes de
25(0OH)D mais baixos. Neste estudo, 283 individuos com média de idade de 51 anos
(30 a 80 anos), dos quais 41,7% faziam uso de farmacos anti-hipertensivos, foram
randomizados de forma duplo-cega para receber por via oral vitamina D3 em
diferentes doses (1.000, 2.000 ou 4.000 Ul por dia) ou placebo durante trés meses.
Na avaliacdo de trés meses, os autores observaram alteracées pequenas mas
significativas na pressao arterial sistélica (em média, +1,7 mmHg no grupo placebo e
-0,66, -3,5 e -4,0 mmHg, respectivamente, nos grupos que foram tratados com
1.000, 2.000 e 4.000 Ul de vitamina D3).

No entanto, em estudo mais recente e de maior porte, o DAYLIGHT, no qual
534 individuos, pré-hipertensos ou hipertensos em estagio 1, com idades variando
de 18 a 50 anos, todos com deficiéncia de vitamina D, foram randomizados para
receber uma alta dose (4000 Ul/dia) ou uma dose baixa (400 Ul/dia) de vitamina D
por via oral, durante seis meses, 0s autores ndo observaram nenhuma diferenca
significativa na pressao arterial, avaliada por meio de monitorizagdo ambulatorial de
24 horas, entre os subgrupos (ARORA et al., 2015).

Alguns efeitos favoraveis da suplementacdo de vitamina D foram relatados em
pacientes diabéticos e intolerantes a glicose. No estudo Calcium and Vitamin D for
Diabetes Mellitus (CaDDM), conduzido por Mitri et al. (2011), em que 92 individuos
adultos (média de idade de 57 anos) com intolerancia a glicose foram randomizados
de forma duplo-cega para receber 2.000 Ul de vitamina D ou 800 mg de calcio por
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dia durante 16 semanas, os autores observaram aumento da secreg¢ao de insulina
no grupo vitamina D e sua diminuicdo no grupo controle, com diferenca
estatisticamente significante, bem como um aumento menor na hemoglobina glicada
no grupo vitamina D, em relagdo ao grupo controle, com significancia estatistica
limitrofe.

Com o objetivo de pesquisar os efeitos de altas doses de vitamina D3 por via
oral sobre a saude vascular e controle glicémico de pacientes diabéticos tipo 2,
Witham et al. (2012) randomizaram, de forma duplo-cega, 61 individuos com niveis
séricos de 25(0OH)D < 40 ng/ml para receber uma dose Unica de placebo ou
diferentes doses de vitamina D3 (100.000 ou 200.000 Ul). Nas andlises de oito e 16
semanas, o0s autores nado observaram diferencas significativas entre os grupos
quanto a funcdo endotelial, avaliada pela DMF, resisténcia insulinica e niveis de
hemoglobina glicada. No entanto, evidenciaram redugdes significativas, em relagéao
ao grupo placebo, tanto da pressao arterial sistélica em ambos os grupos que
receberam vitamina D, a andlise de oito semanas, quanto do peptideo natriurético
tipo B no grupo que recebeu 200.000 Ul, a andlise de 16 semanas.

Em estudo retrospectivo envolvendo pacientes com doenga renal crénica
terminal, atendidos em cinco centros de didlise em Massachusetts, a suplementacao
oral de ergocalciferol (50.000 Ul/semana durante 24 semanas) naqueles com niveis
séricos de 25(0OH)D < 40 ng/ml promoveu reducdo significativa dos niveis de
hemoglobina glicada (BLAIR et al., 2008).

Ja Yiu et al. (2013) ndao demonstraram nenhum efeito significativo da
suplementagédo de vitamina D em alta dose sobre pardmetros de fungéo vascular e
inflamacdo em individuos diabéticos tipo 2. Neste estudo, 100 individuos foram
randomizados, de forma duplo-cega, para tomarem vitamina D por via oral na dose
de 5.000 Ul/dia ou placebo, durante 12 semanas. Ao final, os autores néao
evidenciaram nenhum efeito significativo da suplementagdo de vitamina D sobre a
funcdo endotelial, avaliada pela DMF, niveis séricos de células endoteliais
progenitoras e velocidade de onda de pulso tornozelo-braquial, nem sobre
biomarcadores de inflamacdo e estresse oxidativo, perfil lipidico ou hemoglobina
glicada.

Em outro pequeno estudo randomizado, Shaseb et al. (2016) testaram o efeito
uma dose alta Unica de vitamina D sobre o status glicémico e os niveis de PCR-US
em individuos diabéticos tipo 2 com DAC. Nesta pesquisa, 95 pacientes foram
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randomizados para receber uma injecdo IM de 300.000 Ul ou placebo. Ao cabo de
oito semanas, os autores observaram redugdes significativas nos niveis de glicemia
de jejum e hemoglobina glicada, mas nao dos niveis de PCR-US, no subgrupo que
recebeu suplementacdo, sem mudancas significativas no grupo placebo.

Alguns beneficios da suplementacao oral de vitamina D foram demonstrados
em individuos obesos. Em 200 individuos saudaveis com sobrepeso e baixos niveis
séricos de 25(0OH)D (média de 12 ng/ml), participantes de um programa de controle
de peso, randomizados de maneira duplo-cega para receber vitamina D (83
microgramas/dia) ou placebo durante 12 meses, Zittermann et al. (2009), verificaram
que, além de nao interferir significativamente na perda de peso, a suplementacao da
vitamina se associou a redugdes significativas dos niveis séricos de triglicérides e do
marcador inflamatério fator de necrose tumoral alfa. No entanto, os autores
observaram também uma associagdo com um aumento pequeno mas significativo
dos niveis de Lipoproteina de baixa densidade (LDL)-colesterol.

Em alguns estudos, demonstrou-se um efeito favoravel da suplementacao de
vitamina D sobre a fungé&o endotelial. No ensaio conduzido por Tarcin et al. (2009),
envolvendo apenas 23 individuos assintomaticos com deficiéncia severa de
25(0OH)D (niveis séricos abaixo de 10 ng/ml), observou-se, apés a reposicao
vitamina D, sob a forma de 300.000 Ul por via intramuscular mensalmente por trés
meses, melhora da funcdo endotelial, refletida por aumento da DMF, além de
reducao da peroxidacao lipidica, caracterizada por diminuicdo dos niveis séricos das
substancias reativas ao acido tiobarbitarico, as thiobarbituric acid reactive
substances (TBARS) e aumento dos niveis de leptina.

Harris et al. (2011), em estudo randomizado envolvendo 57 afro-americanos
adultos, verificaram também aumento significativo da DMF no grupo que recebeu
suplementagéo oral de 60.000 Ul de vitamina D3 por més durante 16 semanas e
auséncia de mudanca significativa deste parametro no grupo placebo.

Witham et al. (2010a) avaliaram os efeitos da reposi¢ao de vitamina D sobre a
pressao arterial e fungdo endotelial em pacientes acometidos por Acidente Vascular
Cerebral (AVC). Ao todo, 58 pacientes, com média de idade de 67 anos e niveis de
25(0OH)D < 30 ng/ml, foram randomizados para receber por via oral, de forma duplo-
cega, 100.000 Ul de vitamina D2 ou placebo em dose Unica. A andlise de oito
semanas, nenhuma diferenca foi observada na pressao arterial, tanto sistélica

quanto diastélica, entre os grupos, porém verificou-se uma funcdo endotelial
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significativamente melhor no grupo vitamina D, traduzida por maior DMF. Convém
frisar que, no estudo, os pacientes ja se apresentavam com pressdo arterial
controlada na avaliagéo basal.

Os efeitos da suplementacdo de vitamina D sobre a capacidade funcional e
qualidade vida em pacientes com insuficiéncia cardiaca foram avaliados por Witham
et al. (2010b). No estudo, 105 idosos (= 70 anos) com insuficiéncia cardiaca sistélica
e deficiéncia de 25(OH)D (<20 ng/ml) foram randomizados de forma duplo-cega para
receber por via oral 100.000 Ul de vitamina D2 ou placebo no inicio e 10 semanas
depois, ndo sendo observado qualquer beneficio a favor do grupo tratamento ativo,
nas andlises de 10 e 20 semanas, no que tange aos varios parametros avaliados,
como distancia caminhada em seis minutos, qualidade de vida, segundo o escore de
Minnesota, e niveis séricos do fator de necrose tumoral alfa. No entanto, os autores
observaram, a analise de 10 semanas, diminuicao do peptideo natriurético atrial, um
marcador prognéstico reconhecido, no grupo vitamina D, e aumento do mesmo no
grupo placebo, com diferenga significativa entre os grupos.

Os efeitos da suplementacao oral de vitamina D foram testados também em
123 pacientes com insuficiéncia cardiaca randomizados para receber 50
microgramas de vitamina D (2.000 Ul) + 500 mg de calcio ou placebo + 500 mg de
calcio por dia, durante nove meses. A taxa de sobrevida nao diferiu entre os dois
grupos, apos seguimento de 15 meses, mas foi observado um perfil inflamatério
mais favoravel no grupo que recebeu vitamina D, traduzido por niveis mais elevados
da citocina anti-inflamatéria interleucina 10 e mais baixos do fator de necrose
tumoral alfa, que tem acao pré-inflamatéria (SCHLEITHOFF et al., 2006).

Resultados ainda mais favoraveis com a suplementacgéo oral de vitamina D em
pacientes com insuficiéncia cardiaca foram relatados recentemente por Amin et al
(2013). No estudo, 94 individuos apresentando niveis séricos de 25(OH)D abaixo do
normal (<30 ng/ml) receberam suplementacao oral de vitamina D3 por quatro meses,
sendo 50.000 Ul por semana por oito semanas e, a seguir, 50.000 Ul por més
durante os dois meses subsequentes. Na avaliacdo final, os autores observaram
reducao significativa dos niveis séricos do peptideo natriurético cerebral (pro-BNP) e
da PCR-US, além de melhora significativa da classe funcional e aumento da
distancia caminhada em seis minutos.

Em um subestudo do Eurodiab Study Group tipo caso-controle, foi pesquisado
o impacto da suplementacao de vitamina D na infancia sobre o risco de desenvolver
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DM tipo 1 no futuro. Analisando os dados de 820 casos e 2.335 controles, os autores
verificaram que a suplementacao de vitamina D na infancia se associou a diminuicao
significativa da incidéncia de DM tipo 1, mesmo apds ajuste para varios fatores
potencialmente confundidores. sendo estimada uma razao de chance de 0,67, o que
reforcaria o possivel papel imunomodulador protetor da vitamina contra o
desenvolvimento da doenca em individuos susceptiveis (THE EURODIAB
SUBSTUDY 2 STUDY GROUP, 1999).

Por fim, alguns efeitos benéficos da suplementacao de vitamina D sobre fatores
de risco cardiovascular foram demonstrados em mulheres com sindrome do ovario
policistico. No estudo, 50 mulheres, com idades entre 20 e 40 anos, com deficiéncia
de vitamina D, foram randomizadas de forma duplo-cega para receber trés capsulas
de 50.000 Ul de vitamina D3 por via oral ou placebo a cada 20 dias durante dois
meses. Os autores observaram, ao final do estudo, no grupo tratamento, redugdes
significativas nos niveis de colesterol total, triglicérides e lipoproteina de densidade
muito baixa (VLDL)-colesterol, sem altera¢gdes no grupo controle, embora ndo tenha
havido mudangas nos niveis de Lipoproteina de alta densidade (HDL)-colesterol,
LDL-colesterol, apo-Al e PCR-US (RAHIMI-ARDABILI et al., 2013).

Infelizmente o grande estudo multicéntrico Thiazolidinedione Intervention with
vitamin D Evaluation (TIDE), randomizado, duplo-cego e controlado com placebo,
projetado para incluir 16.000 individuos diabéticos em 33 paises a serem
acompanhados por mais de cinco anos, em que 1.221 individuos chegaram a ser
alocados para receber 1.000 Ul por dia de vitamina D ou placebo, com o objetivo
primario de avaliar os efeitos da vitamina sobre a mortalidade por qualquer causa e
incidéncia de cancer, teve que ser interrompido precocemente por motivos
regulatérios internos, sem atingir os objetivos, observando-se, no entanto, incidéncia
comparavel de eventos adversos nos dois grupos (PUNTHAKEE et al., 2012).

Em resumo, estudos observacionais tém evidenciado consistentemente uma
associacao inversa entre baixas concentragdes séricas de vitamina D e a ocorréncia
de varios tipos de doencas extra-esqueléticas, incluindo-se a doenca cardiovascular.
No entanto, em contraste com estes estudos observacionais, os resultados de
estudos randomizados, utilizando suplementacdo de vitamina D com o propdésito de
prevenir estas doencas, tém sido conflitantes. Mas varias limitagdes observadas
nestes estudos randomizados podem justificar tais resultados, de modo que a
questdo permanece nao resolvida. Baixo poder estatistico, suplementacao
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inadequada, seguimento insuficiente, além da variabilidade nos niveis basais e finais
de vitamina D, nos habitos dietéticos e no grau de exposigdo solar entre
participantes, constituem algumas destas limitacoes. Além disso, muitos estudos
randomizados tém medido a 25 (OH) D com precisédo variavel e ndo se asseguraram
da adequacéao da suplementacéo, ou seja, para elevar os niveis séricos do hormdnio
para, pelo menos, 30 ng/ml. Acresce-se ainda que muitos deles abordaram
populagdes especificas, ndo estabeleceram deficiéncia de vitamina D como critério
de entrada e utilizaram suplementos de célcio de forma combinada, o que poderia,
por si so, influenciar desfechos, de forma independente da vitamina D. Como se nao
bastasse, ha ainda a variabilidade genética na resposta dos receptores de vitamina
D, o que poderia afetar a eficacia da suplementacdo em alguns individuos. A
evidéncia disponivel, portanto, ndo preenche critério para o estabelecimento de uma
relacdo de causalidade entre deficiéncia de vitamina D e doenca, em razdo das
limitagdes dos estudos (AL NOZHA, 2016).

A discrepancia entre os estudos observacionais e o0s de intervengdo tem
levantado a possibilidade de que baixos niveis séricos de 25 (OH) D representem
apenas um marcador de estado inflamatério. Sob este ponto de vista, 0os processos
inflamatérios envolvidos nas doencas é que acarretariam a redugdo da
biodisponibilidade da 25 (OH) D, explicando assim o baixo status de vitamina D que
tem sido descrito em uma ampla variedade de doencas (AL NOZHA, 2016).

Assim, espera-se que apenas apdés a conclusdo dos grandes estudos
randomizados em curso, iniciados nos ultimos cinco anos, como 0 americano
Vitamin D and Omega-3 Trial (VITAL), o australiano D-Health, o finlandés Finnish
Vitamin D trial (FIND) e o britanico Vitamin D and Longevity (VIDAL), os quais
deverao incluir coletivamente perto de 100.000 participantes, podera finalmente ser
esclarecido o papel da suplementacédo de vitamina D na prevencao da DCV, assim
como do cancer (MANSON et al., 2012; MANSON; BASSUK, 2015).

Vale frisar, por fim, que a suplementacdo de vitamina D parece segura: em
condicdes naturais, uma exposicao total do corpo a luz solar, por exemplo, é capaz
de induzir rapidamente (<20 minutos) a sintese do equivalente a mais de 10.000 Ul,
sem qualquer efeito adverso conhecido, afora os possiveis maleficios a pele, ou
seja, nao causa intoxicagdo, pois 0 excesso de vitamina D3 é simplesmente
fotolisado em produtos inativos. De fato, evidéncia acumulada tem demonstrado que
a ingestao prolongada de 10.000 Ul/dia (ou 250 microgramas) de vitamina D3 nao
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acarreta em geral nenhum risco de efeitos adversos, sendo esta dose considerada
totalmente segura. Assim, a intoxicacdo por vitamina D & extremamente rara, s6
ocorrendo com a ingestdo inadvertida ou intencional de doses excessivamente
elevadas, acima de 50.000 Ul por dia, situacdo em que os niveis séricos de
25(0OH)D podem ultrapassar 150 ng/ml e causar hipercalcemia e hiperfosfatemia
(HOLICK, 2007).

No entanto, a dose da suplementacdo oral de vitamina D3 (colecalciferol)
necessaria, em individuos que vivem sem exposicdo adequada a luz solar, ainda
tem sido motivo de debate. O Institute of Medicine recomenda como adequadas
doses diarias de 200 Ul para criancas e adultos de até 50 anos, 400 Ul para adultos
de 51 a 70 anos e 600 Ul para aqueles com mais de 70 anos. Entretanto, a maioria
dos experts concorda que, sem exposicao solar adequada, criancas e adultos
requerem aproximadamente 800 a 1.000 Ul por dia. Uma vez que a eficacia da
vitamina D2 para manter niveis adequados de 25(OH)D corresponde a apenas 30%
da da vitamina D3, as doses de vitamina D2 (ergocalciferol) necessarias, para serem
obtidos os mesmos efeitos, devem corresponder a trés vezes esses valores. Em
individuos com deficiéncia comprovada de vitamina D, Holick et al. (2007) tem
preconizado doses ainda maiores: 50.000 Ul de vitamina D2 por semana durante
oito semanas, seguindo-se metade desta dose por tempo indeterminado.

Por fim, muitos autores ainda ponderam que, a menos que mais evidéncias de
efeitos clinicamente significativos se tornem disponiveis, pode ser ainda muito
precoce para tanto recomendar quanto contra-indicar a suplementagao de vitamina
D, em doses mais elevadas, com o objetivo de manter a saude extra-esquelética e
prevenir doengas.

2.8 Deficiéncia de vitamina D: um novo fator de risco cardiovascular?

Em suma, a vitamina D parece desempenhar um importante papel na saude
cardiovascular. Inimeros estudos tém demonstrado, como exposto, forte associacao
independente entre hipovitaminose D e risco cardiometabdlico. Evidéncias
crescentes sugerem que o0s seus efeitos sobre o sistema cardiovascular podem
decorrer tanto de acdes indiretas, via modulacdo de fatores de risco conhecidos,
como diretas sobre as células cardiacas e vasculares. Embora ainda haja
necessidade de mais estudos, € inegavel a importancia potencial da hipovitaminose



26

D como um enorme problema de salude publica emergente a nivel global, com
importantes implicagées para a morbimortalidade cardiovascular. Especificamente
em relacdo a DCV, a hipovitaminose D pode se revestir de uma importancia
especial, considerando-se de um lado a elevada prevaléncia de ambas as condi¢oes
em todo o mundo e de outro, a possibilidade de sua prevencao e corregcdo de
maneira simples.

No entanto, ainda carecemos de evidéncias cabais, baseadas em grandes
estudos randomizados e controlados com placebo, utilizando doses maiores de
vitamina D, com seguimento de mais longo prazo e com poder estatistico adequado
para avaliacao de desfechos pesados, para que se possa estabelecer em definitivo o
papel da suplementacdo de vitamina D, especialmente em sua forma oral, na
prevencao e tratamento da DCV. Como visto, muitos estudos ja publicados
envolveram amostras pequenas, populagcbes especificas e ndo ha uniformidade
quanto aos critérios de inclusdo nem a dose de vitamina D administrada e tempo de
tratamento, bem como muitas vezes a vitamina D tem sido administrada
conjuntamente com célcio, sendo necessarios mais estudos para avaliar
primariamente o papel da vitamina D e estabelecer a dose adequada neste contexto.
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3 OBJETIVOS

3.1 Geral

Correlacionar 0os niveis séricos de vitamina D com marcadores de
aterosclerose subclinica e fatores de risco cardiovascular convencionais em
afrodescendentes remanescentes de quilombos.

3.2 Especificos

a) Caracterizar a populacdo em estudo quanto aos aspectos socio-
demograficos, antropométricos e clinico-laboratoriais;

b) Determinar a prevaléncia de hipovitaminose D e fatores associados nesta
populacéao;

c) Determinar a prevaléncia de aterosclerose carotidea e fatores associados;

d) Correlacionar os niveis séricos de 25-hidroxivitamina D com:
- Espessura médio-intimal carotideo
- Razao albumina/creatinina em amostra isolada de urina;
- Proteina C-reativa ultrassensivel;
- Fatores de risco cardiovascular convencionais.
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4 METODOS

4.1 Tipo de estudo

Transversal, descritivo e analitico.

4.2 Populacao

Foram objeto de andlise individuos afro-descendentes, com idade = 18 anos,
habitantes de comunidades quilombolas, localizadas no municipio de Alcantara,
Maranhao, incluidos em um estudo de prevaléncia de doenca renal crénica e seus
principais fatores de risco, o PREVRENAL. Todos os participantes do PREVRENAL,
selecionados dentre os habitantes de 32 comunidades por um processo de
amostragem probabilistica, em numero de 1539, foram examinados na proépria
comunidade, entre agosto de 2012 e abrii de 2013, apds receberem o0s
esclarecimentos devidos sobre 0s objetivos da pesquisa e assinarem o termo de
consentimento. Foram coletados dados sécio-demograficos, sobre estilo de vida
(atividade fisica, tabagismo, consumo de bebidas alcodlicas e atividade laboral),
antropométricos (peso e altura) e clinicos (histéria patolégica pregressa e pressao
arterial).

Amostras sanguineas, apos jejum de 12 horas, e de urina foram colhidas para
andlises bioquimicas e pesquisa da excreg¢do urinaria de albumina. Apds a coleta, o
sangue era processado, com separacao das aliquotas, e acondicionado em bolsa
térmica, com controle de temperatura, e, posteriormente, encaminhado para o
laboratério de referéncia, para as devidas analises e armazenamento em freezer a -
80° C.

Os individuos identificados como apresentando pelo menos um fator de risco
cardiovascular (hipertensao arterial sistémica, diabetes mellitus, proteinuria e/ou taxa
de filtragcdo glomerular estimada reduzida) foram encaminhados para o Hospital
Universitario da Universidade Federal do Maranhdo para realizacdo de exames
especializados e constituiram a amostra objeto da presente pesquisa, composta de
382 participantes. Uma vez que o presente estudo se propde a correlacionar os
niveis de vitamina D com a presenca de aterosclerose subclinica, os individuos com
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histéria e/ou evidéncia clinica de doenga cardiovascular aterosclerética manifesta
(angina do peito, infarto do miocérdio, revascularizagdo miocardica, acidente
vascular cerebral, aneurisma e/ou doenga arterial periférica) foram excluidos da

andlise.

4.3 Avaliacao clinica

Questionarios padronizados foram utilizados na avaliacao inicial para registro
de informagcdes demograficas, histéria clinica e habitos de vida. Dados sobre o
consumo de alcool (doses / semana), tabagismo (corrente, passado, nunca) e
pratica de atividade fisica trés ou mais vezes por semana (sim / nao) foram obtidos.
Foi pesquisado também o uso corrente de medicamentos anti-diabéticos e anti-
hipertensivos.

A pressao arterial foi definida como a média das duas ultimas de trés medidas,
realizadas com intervalos = 2 minutos utilizando-se um esfigmomanémetro de coluna
de mercurio, apds repouso na posicdo sentada por pelo menos 5 minutos.
Hipertensao arterial foi definida pelo achado de qualquer dos seguintes 4 critérios:
pressao arterial sistélica 2140 mmHg, pressao arterial diastlica =290 mmHg,
diagnostico prévio feito por um médico ou uso de medicagéo anti-hipertensiva.

O diagnostico de diabetes mellitus foi realizado de acordo com os seguintes
critérios: uso de hipoglicemiantes, glicemia de jejum = 126 mg/dL ou um teste oral de
tolerancia a glicose =200 mg/dL.

O indice de massa corpérea (IMC) foi calculado utilizando-se a foérmula:
IMC=peso/altura2 (Kg/m2). Para célculo do IMC, o peso foi aferido em balanca
eletrénica com capacidade de até 150 kg e precisdo de 50 g e a estatura, em
duplicata por meio de antrop6metro portatil com precisdo de 0,1 cm. A afericdo da
circunferéncia da cintura foi realizada com o paciente em pé, em expiragéao,
utilizando-se uma fita métrica nao extensivel circundando o abdémen no ponto
meédio entre a costela e a crista iliaca.

4.4 Avaliacao laboratorial

As dosagens bioquimicas foram realizadas de forma automatizada no
Laboratério do Centro de Prevencdo de Doencas Renais. Concentracao sérica de
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creatinina elevada foi definida como = 1,5 mg/dL em homens e = 1,3 mg/dL em
mulheres e foi considerada baixa uma taxa de filtracdo glomerular < 60
ml/min/1,73m? com base na definicido de doenca renal cronica do National Kidney
Foundation (LEVEY et al., 2003).

A dosagem da 25(OH)D foi realizada por meio do ensaio de fixagdo por
eletroquimioluminescéncia (Elecsys, Roche Diagnéstica). Foi considerado normal um
nivel sérico > 30 ng/ml. Valores < 30 ng/ml foram subclassificados como
insuficientes (20-30 ng/ml) e deficientes (< 20 ng/ml) (ARAD et al., 1998).

As dosagens da albumina na urina e da proteina C-reativa ultra-sensivel no
soro foram realizadas por imunoturbidimetria. A albumindria foi avaliada por meio da
razdo albumina/creatinina (RAC) em amostra isolada de urina. Microalbuminuria foi
definida como valores de excreg¢ao urinaria de albumina entre 30 e 300 mg/g de

creatinina.

4.5 Medida da espessura intimo-medial carotidea

O exame ultra-sonografico de artéria carétida foi realizado com transdutor
linear de 7,5 MHz em secao longitudinal no modo B, por um Unico examinador
experiente, em aparelho da marca GE modelo Vivid 3. ApGs repouso de pelo menos
10 minutos na posigao supina, com o pescogo em discreta hiperextensao, era feita
uma avaliacao panoramica do sistema carotideo bilateralmente. A EMIC foi medida
na parede distal (mais afastada do transdutor) da artéria carétida comum, 1cm
proximalmente a sua bifurcagdo, conforme recomendacgdes vigentes (MONTEIRO
JUNIOR et al., 2012). A medida consiste na distancia entre duas linhas ecogénicas
representadas pelas interfaces limen-intima e média-adventicia da parede arterial,

sendo considerada normal quando < 1 mm.

4.6 Analise estatistica

O teste de Kolmogorov Smirnov foi utilizado para avaliar a normalidade das
variaveis continuas. As variaveis qualitativas foram representadas pela freqiéncia
relativa (%) e as variaveis continuas, como média e desvio padrao (SD). O teste do
qui-quadrado foi utilizado para comparar as proporgdes. Para comparagdo de
médiass, utilizou-se o teste t de Student. Para analisar o grau de correlagao linear
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entre variaveis continuas, o coeficiente de correlacdo de Pearson foi calculado. As
associacdes apresentando uma p <0,20 a anadlise bivariada foram submetidas a
analise de regressao linear multipla. No modelo de regressao linear multipla, sexo
(masculino = 0 e feminino = 1) e tabagismo (ausente = 0 e presente = 1) foram
incluidos como variaveis dummy. A dicotomizagdo dos niveis séricos de 25 (OH) D
de acordo com o percentil 50 foi adotada por causa da baixa prevaléncia de
hipovitaminose D, de acordo com o ponto de corte convencional. Os dados foram
processados e submetidos a analise estatistica usando-se o programa SPSS 18.0
para Windows, adotando-se como significante um p <0,05 (5%).

4.7 Consideracoes éticas

Esta pesquisa, por envolver seres humanos, foi realizada de acordo com a
Resolucdo CNS n® 196/96 e suas complementares em vigor em todo o territério
nacional. A inclusdo dos participantes se fez mediante a assinatura de Termo de
Consentimento Livre e Esclarecido, onde havia a informacdo de que os dados
obtidos seriam confidenciais e utilizados apenas nesta pesquisa. O projeto
PREVRENAL contou com pareceres consubstanciados dos comités de ética tanto
da Universidade Federal do Maranhdao (UFMA) quanto da Universidade Federal de
Séo Paulo (UNIFESP).
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Abstract

The role of vitamin D in the regulation of bone metabolism has been well established.
However, in recent years, many studies have demonstrated that its role extends far
beyond bone health. Growing evidence has shown a strong association between
vitamin D deficiency and hypertension, metabolic syndrome, diabetes mellitus and
atherosclerosis. The mechanisms by which vitamin D exerts its cardiovascular
protective effects are still not completely understood, but there is evidence that it
participates in the regulation of renin-angiotensin system and the mechanisms of
insulin sensitivity and activity of inflammatory cytokines, besides its direct
cardiovascular actions. In this review, several studies linking vitamin D deficiency
with cardiometabolic risk as well as small randomized trials that have evaluated the
cardiovascular effects of its supplementation are presented. However, large
randomized placebo-controlled studies are still needed before we can definitively
establish the role of vitamin D supplementation in the prevention and control of

cardiovascular disease.

Keywords: Atherosclerosis, Cardiometabolic risk, Cardiovascular disease, Risk
factor, Supplementation, Vitamin D deficiency.
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1. INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of morbidity and
mortality in the world [1]. Although the role of traditional risk factors is already
consolidated, it is known that they cannot fully explain the development of CVD,
which has caused continuous search for new risk factors. Growing evidence,
obtained in recent years, has suggested that vitamin D deficiency may be associated
with an increased risk of CVD [2].

Vitamin D is actually a steroid hormone whose primary function is the
regulation of calcium and phosphorus homeostasis, through its interaction with
parathyreoid gland, the kidneys and intestines. Although it can be obtained through
food intake, the main source of vitamin D is represented by its synthesis in the body
itself [2].

The role of vitamin D in regulating bone metabolism is well established for
decades. In this function, it promotes increased intestinal absorption and renal
reabsorption of calcium, acting also in its mobilization from the bone, in the presence
of parathyroid hormone (PTH). Thus, diseases such as rickets and osteomalacia
have been classically attributed to prolonged deficiency of vitamin D [2]. However, in
recent years several studies have shown that the function of vitamin D in the body
extends far beyond bone health, including the regulation of the immune system and
anti-proliferative effects on cells, and may play an important role in the physiology of
the cardiovascular system. Thus, vitamin D deficiency has been associated with
disorders as varied as autoimmune diseases, infections, adverse maternal and fetal
outcomes and various types of cancer, besides CVD [3]. However, whether vitamin D
deficiency represents a new cardiovascular risk factor and also whether its oral
supplementation can reduce the incidence of cardiovascular events is still under
debate.

Thus, in this review, besides presenting the basic aspects of the
metabolism and physiology of vitamin D in the body, we discuss the association
between its deficiency and the occurrence of CVD, as well as the possible
mechanisms involved in this association and the impact of its replacement on the
prevention and control of CVD.
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2. PHYSIOLOGY AND METABOLISM OF VITAMIN D

Under normal conditions only about 10% of the vitamin D needed by the
body is achieved by ingestion of food, both in the form of vitamin D2 (ergocalciferol)
and vitamin D3 (cholecalciferol). Thus, the main source of vitamin D is represented
by its synthesis in the body itself, which begins in the skin. When exposed to
ultraviolet radiation, the skin vitamin D precursor 7-dehydrocholesterol undergoes a
photochemical cleavage, yielding the previtamin D3. Such labile molecule, in a 48
hour period, undergoes a molecular rearrangement resulting in the formation of
vitamin D3. Both the vitamin D coming from the diet, via intestinal absorption, and
that formed from the previtamin D3 in the skin bind to circulating proteins and are
transported to the liver where it is hydroxylated at the carbon 25, giving the 25-
hydroxyvitamin D3 [25(OH)D]. This is then hydroxylated again, this time at carbon 1,
at mitochondrial level in cells of the proximal convoluted tubules, as well as possibly
in many other tissues, under the action of 1a-hydroxylase enzyme (1a-OHase), finally
yielding the 1,25-dihydroxyvitamin D3 [1,25(OH)2D], its biologically active form (Fig.
1). This phase activation is tightly regulated by the serum levels of PTH, calcium and
phosphorus. Although biologically inert, however, is the 25(OH)D, the circulating form
in a larger quantity and more stable, which is the measured and adopted in clinical
practice to assess the vitamin D in the body [2, 3]. PTH, by the other way, is a
peptide secreted in response to low circulating levels of calcium and phosphorus
which stimulates calcium reabsorption in the kidneys and its removal from the
skeleton and increases renal production of 1,25(0OH)2D, as mentioned above [2].

The complex mechanism of action of vitamin D inside the cells is already
well established. Its active form crosses the cell membrane, enters the target cell and
binds to a specific receptor, the VDR, which is present in the cytoplasm. This
complex, 1,25(0OH)2D-VDR, undergoes translocation to the nucleus and
heterodimerizes with retinoic acid receptor (RXR). Next, the complex 1,25(OH)2D-
VDR-RXR binds to the response elements of vitamin D (VDRE) in the
deoxyribonucleic acid (DNA) increasing transcription to RNA of the genes
responsible for the expression of proteins involved in the actions of vitamin D (Fig. 2)
[4].

It is now known that the VDR type receptors are present in many cell
types, including hematopoietic cells, lymphocytes, epidermal cells, pancreatic cells,
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myocytes, neurons, cardiomyocytes, vascular smooth muscle cells, endothelium and
placental tissue, besides osteoblasts, osteoclasts, epithelial small intestine and renal
tubular cells, which explains the multiplicity of non-calcemic actions taken by vitamin
D for various tissues such as the endocrine, immune, central nervous and
cardiovascular systems, as well as the numerous implications of their deficiency to
health [3]. It is estimated that vitamin D controls, directly or indirectly, about 3% of the
entire human genome. Thus, it is believed that a wide variety of physiological
processes, including regulation of cytokines, inflammation, fibrogenesis, the renin-
angiotensin system, immune response and cell growth and differentiation, may have
direct or indirect influence of vitamin D [5].

3. PREVALENCE AND DETERMINANTS OF HYPOVITAMINOSIS D

The definition of vitamin D deficiency has also been a matter of debate.
However, most agree that serum 25 (OH) D <20 ng/ml (or 50 nmol/l) is indicative of
deficiency, in the range 20-30 ng/ml (or 50 to 75 nmol/l) match insufficiency and >30
ng/ml (or 75 nmol/l) represents vitamin D sufficiency [6].

Ultraviolet
raciation

Dietary intake
Vitamnin Ds (fish, meat)
Vitamin Dz {su ppfemenzs}

= / f -,

Cholecalciferol 25-Hydroxyvitamin Ds 1,25-Dihydroxyvitamin Ds
(vitamin Dz}

v
Target tissues

7-Dehydrocholesterol

Fig. (1). Schematic representation of the biosynthesis of vitamin D.
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Fig. (2). Schematic representation of the transcriptional control of gene expression by 1,25(0OH)2D via
VDR.

According to studies conducted in several continents, vitamin D
deficiency is one of the most common conditions in the world today. It is estimated
that more than half of children and adults living in the United States, Canada,
Mexico, Europe, Asia, New Zealand and Australia suffer from hypovitaminosis D
[6].

Recent population survey in the U.S. showed that the prevalence of
vitamin D insufficiency has doubled in the last 10 years, currently affecting not
less than 90% of pigmented populations (blacks, Hispanics and Asians) and
around % of the caucasian population [7].

Several factors can interfere with the prevalence of hypovitaminosis D.
Less sunlight exposure, that characterizes modern life in cities, coupled with the
widespread use of sunscreen, stimulated by the fear of skin cancer, is
undoubtedly the most important factor to the increasing prevalence of vitamin D
deficiency in the world. In addition, in dark-skinned individuals cutaneous
synthesis of vitamin D can be reduced by 50 to 90%, since melanin acts as a
natural sunscreen. Additional factors include low latitude, winter, extremes of age,
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female gender, malnutrition, use of robes covering most of the body and obesity
[6, 8].

4. ASSOCIATION BETWEEN VITAMIN DEFICIENCY AND MARKERS OF
SUBCLINICAL ATHEROSCLEROSIS

Some studies, predominantly cross-sectional and small, have shown an
association between serum 25(OH)D and markers of subclinical atherosclerosis
and inflammation, although there remain some conflicting findings.

In a cross-sectional analysis of 119 type 2 diabetic patients of middle
age, Bonakdaran and Varasteh [9] observed a significant association between
deficiency of 25 (OH)D and both increased high sensitive C-reactive protein (hs-
CRP) and the presence of microalbuminuria. However in a prospective
observational study involving 227 type 1 diabetics, Joergensen et al. [10] reported
that severe deficiency of 25(0OH)D (<15.5 nmol/l) at baseline was not predictive of
the development of microalbuminuria, although has been associated with higher
total mortality. Amer et al. [11], analyzing data from asymptomatic adults included
in the National Health and Nutrition Examination Survey (NHANES) from 2001 to
2006, also found a significant inverse correlation between serum 25(OH)D and hs-
CRP, independent of conventional risk factors, but only in those with levels of
25(0OH)D = 21 ng/ml, noting paradoxically a positive correlation between these two
variables when they considered only the subgroup with levels of 25(OH)D > 21
ng/ml.

In a study involving 100 patients undergoing coronary angiography, a
positive correlation between serum 25(OH)D and flow-mediated dilatation of the
brachial artery (FMD) was observed, i.e., the lower the levels of 25(0OH)D, the
greater the degree of endotelial dysfunction [12]. Tarcin et al. [13], comparing 23
asymptomatic individuals with vitamin D deficiency (serum levels of 25(OH)D < 25
nmol/l) with a group with normal levels of the vitamin (average of 75 nmol/L) also
found that the rate of FMD was significantly lower in the group with vitamin D
deficiency.

In a cross-sectional analysis of a population-based cohort, the Rancho
Bernardo Study, involving 654 healthy subjects, predominantly elderly (mean age
75.5 years), Reis et al. [2] observed, after multivariate analysis, an inverse
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correlation between serum levels of 25 (OH)D and intima-medial thickness (IMT)
of the internal carotid artery. Significant inverse association, independent of
conventional risk factors, between serum 25(OH)D and common carotid IMT was
also observed in type 2 diabetics [14, 15].

In patients with chronic kidney disease, inverse correlation between
serum 25(0OH) D and measurement of carotid IMT was observed by Yadav et al.
[16] in individuals at stages 4 and 5 not on dialysis, but not by Zang et al. [17],
who included only patients with diabetic nephropathy.

And finally, Ross et al. [18], analyzing 149 HIV-positive patients,
observed no association between serum 25(OH)D and inflammatory markers
(tumor necrosis factor a, interleukin 6 and hs-CRP) nor endothelial markers
(intercellular adhesion molecule-1 and vascular cell adhesion molecule-1).

5. CARDIOMETABOLIC AND VASCULAR IMPLICATIONS OF VITAMIN D
DEFICIENCY

Results of several observational studies published in recent years have
brought important evidence linking vitamin D deficiency with increased
cardiovascular risk.

Evidence of the importance of vitamin D in the homeostasis of the
cardiovascular system was initially suggested experimentally by the observation
that knockout mice, lacking the VDR receptors, had impaired bone mineralization,
small muscle fibers, suffered from high blood pressure (hypertension) and died of
heart failure (HF) [5].

In the prospective cohort Third National Health and Nutrition
Examination Survey (NHANES Ill), involving 3,408 elderly (= 65 years), followed
for seven years, it was found, after multivariate analysis, that baseline levels of
25(OH)D were inversely associated with the risk of mortality from all causes, with
an even stronger association for cardiovascular mortality [19].

In the Framingham Offspring study, involving 1,739 subjects with a
mean age of 59 years, followed for five years, it was found that those with vitamin
D deficiency [25 (OH)D<15 ng/ml] had a relative risk for the occurrence of
cardiovascular events of 1.62 compared with those with levels 215 ng/ml, even
after adjustment for conventional risk factors [20].
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In the cohort Health Professionals Follow-up Study, which followed
18,225 male subjects, aged 40 to 75 years, for ten years, the authors found that
participants with vitamin D deficiency [25 (OH) D < 15 ng/ml] presented an
incidence of myocardial infarction significantly higher than those with levels
considered sufficient (= 30 ng/ml), with a relative risk of 2.42, after multivariate
analysis [21]. A recent study involving 1,259 subjects showed that vitamin D
status may also influence the prognosis of individuals already affected by
myocardial infarction [22].

In the study Ludwigshafen Cardiovscular Health and Risk (LURIC),
where 3,316 patients referred for a coronary angiogram were followed for seven
years, it was evidenced that lower levels of both 25(OH)D and 1,25(0OH)2D were
independent predictors of fatal cerebrovascular accident (CVA) [23]. A similar
result was obtained in the Copenhagen City Heart Study, a cohort that followed
10,170 individuals in a general population over 21 years, which also showed a
clear independent inverse association between serum 25(OH)D and incidence of
ischemic stroke [24].

Analyzing 90 elderly patients with stable HF and 31 controls, Ameri et
al. [25] observed concentrations of 25(OH)D significantly lower in those with HF
and found among them a prevalence of hypovitaminosis D (25 (OH)D <30 ng/ml)
of almost 100%. They also observed that subjects with levels <10 ng/ml had left
ventricle end-systolic and end-diastolic diameters and volumes greater and
ejection fraction lower compared to those with levels 210 ng/ml. Low levels of
25(0OH)D were also associated with greater prevalence of peripheral arterial
disease [26] and abdominal aortic aneurysm [27].

The association between vitamin D deficiency and hypertension,
metabolic syndrome (MS) and diabetes mellitus (DM) has also been investigated.
Several analyses of the Third National Health and Nutrition Examination Survey
(NHANES IIl) population, summarized in a review of Ullah et al. [28] have shown a
clear inverse association between levels of 25(OH)D and blood pressure
independently of numerous potentially confounding variables. In participants of
two prospective cohorts, 613 men from the Health Professionals' Follow-Up Study
and 1,198 women from the Nurses' Health Study followed for four years, the
relative risk of developing hypertension in men with deficiency of 25 (OH)D (serum
levels <15 ng/ml), after multivariate analysis, was 6.13 compared with those with
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levels 230 ng/ml. Among women, the same comparison revealed a relative risk of
2.67 [29].

In a population-based cross-sectional study carried out in two major
Chinese cities, including more than 3,200 individuals, aged 50 to 70 years, it was
found that lower levels of 25(OH)D were significantly associated not only with the
presence of MS but with any of its individual components after multivariate
analysis. The study also showed, in overweight and obese individuals, a
significant inverse association between serum 25(OH)D and both fasting insulin
and the insulin resistance index assessed by homeostasis model assessment of
insulin resistance (HOMA) [30]. Association between vitamin D deficiency and MS,
in smaller studies, was also observed in obese patients [31]and children [32].

In a cross-sectional analysis of 6,228 participants in the Third National
Health and Nutrition Examination Survey (NHANES IIl), aged =20 years, the
presence of DM was significantly associated with lower levels of 25(OH)D, after
multivariate analysis, in non-Hispanic whites and individuals of Mexican origin,
being observed, however, no such association among non-hispanic blacks [33].

Association between vitamin D deficiency and the occurrence of
preeclampsia was also reported [34]. In a case-control study, in which women
were followed from the first trimester until delivery, a basal concentration of
25(0OH)D<15 ng/l was associated, independently, to a five times higher risk of
occurrence of the disease [34].

Finally, in a meta-analysis published recently, which included 19
prospective studies and 65,994 individuals, Wang et al. [35] reported that the
relative risk of the category of lower levels of 25(OH)D in relation to that of higher
levels was 1.52 for all cardiovascular diseases, 1.42 for cardiovascular mortality,
1.38 for coronary artery disease (CAD) and 1.64 for stroke.

6. POSSIBLE MECHANISMS INVOLVED IN THE ASSOCIATION BETWEEN
VITAMIN D DEFICI-ENCY AND CARDIOVASCULAR DISEASE

The mechanisms by which vitamin D exerts its cardio and
vasculoprotective effects are not yet fully understood, being considered its
regulatory effects on the renin-angiotensin system (RAS), glycemic control,
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inflammatory cytokines, the levels of PTH and calcium deposition in vascular

smooth muscle, in addition to its direct vascular actions.

6.1. Vitamin D and Renin-Angiotensin System

It is well established that inappropriate stimulation of the RAS is
associated with higher incidence of hypertension and CVD [28]. A good evidence
favoring the role of vitamin D in the regulation of the RAS comes from
experimental studies. In a study involving knockout mice, lacking the VDR, it was
demonstrated an elevated production of renin and angiotensin Il, causing
hypertension, cardiac hypertrophy and increased water intake. These anomalies
could be prevented by treating the mice with an angiotensin converting enzyme
inhibitor or an angiotensin Il receptor blocker. Based on these findings, it was
concluded that vitamin D is a potent endocrine suppressor of renin biosynthesis
[36]. On the other hand, in normal rats, it was demonstrated that vitamin D
deficiency stimulates the expression of renin, while, if 1,25(0OH)2D is
administered, a reduction of renin synthesis occurs [36]. There is also evidence
that PTH, whose serum levels may increase secondary to vitamin D deficiency,
may also have a direct stimulatory effect on renin secretion [28]. Thus, the
evidence strongly suggests that vitamin D deficiency may be implicated in the
pathogenesis of hypertension via activation of the RAS.

6.2. Vitamin D and Insulin Sensitivity

The association between obesity, especially abdominal, and decreased
insulin sensitivity is well established. On the other hand, it has been shown that
obese patients have increased prevalence of vitamin D deficiency, which may be
attributed to both a possible lower exposure to sunlight and its lower
bioavailability, due to its greater sequestration by adipose tissue [28]. The
demonstration of a strong independent inverse correlation between blood glucose
and serum 25(OH)D [37, 38] coupled with epidemiological studies linking vitamin
D deficiency with increased incidence of type 2 DM [33, 39] has suggested a
major direct role of this vitamin deficiency in the pathogenesis of the disease. It
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seems that adequate levels of vitamin D in the body are essential in the process
of insulin sensitivity, as indicated by some research. In the study by Chiu et al.
[40], for example, involving 126 healthy adults, a clear positive correlation
between serum concentrations of 25(OH)D and insulin sensitivity was
demonstrated. On the other hand, there is also evidence that vitamin D deficiency
is associated with impaired insulin secretion, via B cell dysfunction, as
demonstrated in mice [41], which has been confirmed also by its association with
the incidence of type 1 DM [42].

One mechanism that has been proposed to explain the association
between vitamin D deficiency and obesity, hypertension, type 2 DM and other
manifestations of MS involves the metabolism of calcium [43]. Low serum calcium
levels, resulting from vitamin D deficiency, as we know, can lead to secondary
elevation of PTH, which in turn promotes increased intracellular levels of this ion.
The increase of intracellular calcium can lead to both increased differentiation of
preadipocytes into adipocytes and inhibition of the function of GLUT4, an enzyme
involved in cellular glucose uptake mediated by insulin [43].

6.3. Vascular and Cardiac Effects of Vitamin D

Experimental studies have demonstrated various protective actions of
vitamin D directly on the heart and blood vessels. In cultured vascular smooth
muscle cells from rabbit, Wakasugi et al. [44] demonstrated that the synthesis of
PGI2, which plays an important role in reducing thrombogenicity, cell adhesion
and proliferation of smooth muscle cells, increased significantly in the presence of
1,25(0OH)2D. It is possible, therefore, that vitamin D acts as an important
vasoactive agent and can thus exert a protective role against the development of
atherosclerosis.

Moreover, it has shown its participation in regulating the expression of
many proteins with vascular action, such as vascular endothelial growth factor,
type 9 metalloproteinase, myosin, elastin, type 1 collagen and y-carboxyglutamic
acid, the latter a protein that protects the vessel against parietal calcification, and
also in the suppression of pro-inflammatory cytokines, including interleukin-6 and

tumor necrosis factor-a in vitro and in vivo [45].
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There is also experimental evidence that its antiatherogenic action
involves specific effects on the immune system, including a direct effect on naive
CD4 T cells, inducing the development of T helper type 2 (Th2) lymphocytes,
responsible for the production of interleukin-10 (IL-10), which inhibits macrophage
activation, a key step in the process of atherogenesis [46]. Furthermore, inhibits
the transcription of interferon-y (IFN-y), secreted by T helper type (Th1) cells, that
is, on the contrary, a potent activator of macrophages and suppressor of Th2
lymphocytes [47].

In relation to the heart, there is evidence that vitamin D plays an
important role in the modulation and maintenance of cell structure and function.
The treatment with 1,25(0OH)2D increases expression of myotrophin, a cardiac
muscle protein, and decreases expression of atrial natriuretic peptide, which is
inversely related to cardiac function. Furthermore, the treatment with 1,25(0OH)2D
increases the expression and nuclear localization of the VDR in cardiac cells [48].
Thus, the suppression of the effects of vitamin D fully justifies the development of
myocardial hypertrophy and heart failure in the aforementioned experimental
model of knockout mice, lacking VDR [5].

7. EFFECTS OF VITAMIN D REPLACEMENT ON CARDIOVASCULAR
DISEASE

Data from randomized controlled trials to assess the impact of vitamin D
supplementation on cardiovascular risk are limited, particularly in relation to heavy
outcomes, and have reported sometimes conflicting results. Overall, the evidence
is derived from studies that addressed specific populations. In addition, some
studies were limited by the small sample size, lack of uniformity in the inclusion
criteria, short observation period and use of relatively low doses of vitamin D.
Table 1 presents the randomized placebo-controlled trials that evaluated the

effects of vitamin D supplementation on cardiovascular outcomes.
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Table 1. Randomized placebo-controlled trials evaluating the effects of vitamin D

supplementation over cardiovascular outcomes.

Author N Study population Follow-up Intervention Main results
Hsiaetal [49] | 36.282 Healthy 7 vears Calcium 1.000 mg + No effect on coronary and cerebrovascular
postmenopausal women vitamin D 400 [U vs events
(50-79 years) placebo
Wood ef al. [50] 305 Healthy women (60-70 1 year Vitamin D400 0r 1,000 | Small changes in apolipoprotein B 100 levels (-
years) IU vs placebo 1,0 mg/dl m 400 IU subgroup, -1.0 mg/dl in
1,000 IU subgroup and +0,02 mg/dl in placebo
subgroup)
Gepneref al. 114 Healthy women with a 4 months Vitamin D 2500 U vs | No effect on FMD. carotid-femoral pulse wave
[52] mean age of 64 years placebo velocify, aortic augmentation index and serum
and serum levels of levels of hs-CRP
25(0OH)D befween 10
and 60 ng/ml
Pfeifer ef al. 148 Elderly women (mean 8 weeks Vitamin D 800 IU + Significant decreases in systolic blood pressure,
[53] age 74 years) with calerum 1,200 mg vs heart rate and serum levels of PTH
serum levels of only calerum 1,200 mg
25(0H)D < 20 ng/ml
Forman ef al 283 Healthy black 3 months Vitamun D m different | Small but sigmficant decreases in systolic blood
[54] individuals with a mean dosages (1.000, 2,000 pressure in all vitamin D subgroups
age of 51 years of 4,000 IU) vs placebo
Mitri ef al. [55] a2 Adult individuals (mean 16 weeks Vitamin D 2,000 IU vs Significant increase in insulin secrefion in
age 57 years) with caleium 800 mg vitamin D group
glucose mfolerance
Witham et al 61 Type 2 diabetics with 16 weeks Vitamin D in different | Significant decreases in systolic blood pressure
[56] serum levels of single doses (100.000 1 both vitamin D subgroups at eight weeks
25(0H)D < 40 ng/ml ou 200.000 IU) vs analysis as well as in fype B natriuretic peptide in
placebo the subgroup that was treated with vitamin D
200.000 IU at 16 weeks analysis
Ymetal [57] 100 Type 2 diabetics 12 weeks Vitamin D 5,000 [Uor | No significant effect on FMD neither on markers
placebo of inflammation and oxidative stress, lipid
profile and glycaded hemoglobin
Zittermann ef al. 200 Healthy obese 12 months VitaminD 83 Significant decrease in serum levels of
[58] mndividuals with low microgram vs placebo triglycenides and TNF-o and a small but
serum levels of significant increase in LDL-cholesterol levels
25(0H)D (mean 12
ng/ml)
Witham ef al. 105 Elderly (=70 years) 20 weeks Vitamin D 100,000 IU | No benefits in qualify of life ( Minnesota score)
[61] with systolic heart vs placebo at the and serum levels of TNF-u but significant
failure and serum levels beginning and ten decrease in fype B natriuretic peptide
of 25(0OH)D =20 ng/ml weeks after

In postmenopausal women, the findings have been quite varied and

generally disappointing. In the classic Women's Health Initiative (WHI) study, which
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involved 36,282 postmenopausal healthy women, aged 50-79 years, randomly
assigned to take 1000 mg of calcium plus 400 IU of vitamin D daily or placebo and
followed for seven years, no significant difference between the treatment and
placebo groups was observed for the incidence of coronary and cerebrovascular
events [49]. It should be stressed, however, that besides the low doses used,
deficiency of vitamin D did not constitute a criterion for inclusion in the study. In the
WHI, the fact that women with higher body mass index and multiple coronary risk
factors have shown a lower incidence of cardiovascular events in the active
treatment group draws attention.

In a study involving 305 healthy women aged 60-70 years who received
randomly 400 or 1,000 IU of vitamin D3 or placebo daily for one year to evaluate the
effects of the vitamin on lipid profile, insulin resistance, inflammatory biomarkers and
blood pressure, the authors observed only minor changes in the levels of
apolipoprotein B100 (-1.0 mg/dl in the 400 IU group, -1.0 mg/dl in the 1,000 IU group
and +0.02 mg/dl in the placebo group), that, although significant, were considered
clinically irrelevant [50]. However, it must be stressed, as a limitation, that, in this
study, vitamin D deficiency also did not constitute a criterion for inclusion.

Likewise, Gannagé-Yared et al. [51], evaluating a set of only 47 healthy
postmenopausal women, regarding the effects of a 12-week course of 800 IU of
vitamin D associated to 1,000 mg of calcium per day on the inflammatory profile,
pancreatic function and lipid parameters, did not observe any significant change in
serum levels of interleukin 6, tumor necrosis factor-a, hs-CRP, insulin, triglycerides,
HDL and LDL-cholesterol. We emphasize that in this study, vitamin D deficiency was
also considered an inclusion criterion.

Gepner et al. [52], in prospective, randomized, double-blind study
involving 114 women with a mean age of 64 years, with serum 25(OH)D between 10
and 60 ng/ml, in which the effects of oral administration of 2,500 U of vitamin D3 per
day for four months on cardiovascular risk markers were compared with placebo,
also did not show any significant difference between the two groups regarding
changes in FMD, carotid-femoral pulse wave velocity, aortic augmentation index or
serum levels of hs-CRP.

However, in a study involving 148 elderly women (mean age 74 years)
with documented hypovitaminosis D [serum 25(OH)D<20 ng/ml], randomized to
receive for eight weeks oral supplementation of 800 IU of vitamin D3 plus 1,200 mg
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of calcium or just 1,200 mg of calcium daily, Pfeifer et al. [53] reported significant
decreases in systolic blood pressure, heart rate and serum levels of PTH in the
participants of the first group.

Favorable effects of oral vitamin D supplementation on blood pressure
were also reported by Forman et al. [54] that evaluated healthy blacks, a population
with a known high prevalence of hypovitaminosis D. In this study, 283 individuals with
a mean age of 51 years, almost half in use of antihypertensive drugs, were
randomized in a double-blind fashion to receive oral vitamin D3 in different doses
(1,000, 2,000 or 4,000 IU per day) or placebo for three months. In the analysis of
three months, the authors found small but significant changes in systolic blood
pressure (on average, +1.7 mmHg in the placebo subgroup and -0.66, -3.5 and -4.0
mmHg in the three active treatment subgroups, respectively).

Some beneficial effects of vitamin D have also been reported in diabetic
and glucose intolerant patients. In the Calcium and Vitamin D for Diabetes Mellitus
(CaDDM) study, conducted by Mitri et al. [55], in which 92 adults (mean age 57
years) with glucose intolerance were randomized in a double-blind fashion to receive
2,000 IU of vitamin D or 800 mg calcium per day for 16 weeks, the authors observed
an increased insulin secretion in the vitamin D group and a decrease in the control
group, with statistically significant difference, as well as a smaller increase in glycated
hemoglobin in the vitamin D group, compared to the control group, with borderline
statistical significance.

In order to investigate the effects of high doses of vitamin D3 orally on
vascular health and glycemic control in type 2 diabetic patients, Witham et al. [56]
randomized, in a double-blind fashion, 61 subjects with serum 25(OH)D<40 ng/ml to
receive a single dose of placebo or different doses of vitamin D3 (100,000 or 200,000
IU). In the analyses of eight and 16 weeks, the authors observed no significant
differences between the groups regarding endothelial function assessed by FMD,
insulin resistance and glycated hemoglobin levels. However, they found significant
reductions, compared to placebo, in systolic blood pressure in both groups that
received vitamin D, in the analysis of eight weeks, as well as in B-type natriuretic
peptide in the group that received 200,000 IU, in the analysis of 16 weeks.

And also in type 2 diabetics, Yiu et al. [57] showed no significant effect of
high-dose vitamin D supplementation on vascular function and inflammatory
parameters. In this study, 100 subjects were randomized in a double-blind fashion to
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take vitamin D orally at a dose of 5000 IU/day or placebo for 12 weeks. In the end,
the authors did not show any significant effect of vitamin D supplementation on
endothelial function, assessed by FMD, serum levels of endothelial progenitor cells
and brachial-ankle pulse wave velocity, or on biomarkers of inflammation and
oxidative stress, lipid profile and glycated hemoglobin.

Some benefits of oral supplementation of vitamin D have been
demonstrated in obese individuals. In 200 healthy overweight individuals with low
serum 25(OH)D (mean 12 ng/ml) participants in a weight control program,
randomized in a double-blind fashion to receive vitamin D (83 micrograms/day) or
placebo for 12 months, Zittermann et al. [58] found that vitamin supplementation was
associated with significant reductions in serum triglyceride levels and the
inflammatory marker tumor necrosis factor-a, although it has promoted a small but
significant increase in LDL-cholesterol.

In some studies, a favorable effect of vitamin D supplementation on
endothelial function was demonstrated. In the trial conducted by Tarcin et al. [13],
involving 23 asymptomatic individuals with severe deficiency of 25(OH)D (serum
levels below 10 ng/ml), it was observed, after vitamin D replacement in the form of
300,000 IU intramuscularly monthly for three months, a significant improvement of
endothelial function, reflected by an increase in FMD. Similar results, also using high
doses of vitamin D, were observed by Harris et al. [59] in African Americans and by
Witham et al. [60] in stroke patients.

The effects of vitamin D supplementation on functional capacity and
quality of life in patients with HF were assessed by Witham et al. [61]. In the study, in
which 105 elderly patients (= 70 years) with systolic heart failure and vitamin D
deficiency [25(OH)D<20 ng/ml] were randomized in a double-blind fashion to receive
orally 100,000 IU of vitamin D2 or placebo at the beginning and 10 weeks later, no
benefit in favor of the active treatment group was observed in the analyses of 10 and
20 weeks, with respect to various parameters evaluated such as six-minute walk test,
quality of life according to Minnesota Living with Heart Failure Questionnaire score
and serum levels of tumor necrosis factor-a. However, the authors noted, at 10
weeks, a decrease in serum atrial natriuretic peptide in the vitamin D group and an
increase in the placebo group, with significant difference between groups.

The effects of oral supplementation of vitamin D have also been tested on
1283 heart failure patients randomized to receive 50 micrograms of vitamin D (2000
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IU) plus 500 mg of calcium or placebo plus 500 mg of calcium per day for nine
months. The survival rate was not different between the two groups after 15 months
of follow-up but a more favorable inflammatory profile was observed in the group
receiving vitamin D, translated by higher levels of interleukin 10, an anti-inflammatory
cytokine, and lower levels of tumor necrosis factor-a, which has an inflammatory
action [62].

Results even more favorable with oral vitamin D supplementation in
patients with HF were recently reported by Amin et al. [63]. In the study, 94 subjects
with serum levels of 25(OH)D below normal (<30 ng/ml) were given oral
supplementation of vitamin D3 for four months, being 50,000 IU per week for eight
weeks and then 50,000 IU monthly for the following two months. In the final
evaluation, the authors observed a significant reduction in serum levels of brain
natriuretic peptide (pro-BNP) and hs-CRP, as well as significant improvement in
functional class and increase in 6-minute walk distance.

Through a case-control evaluation of participants of the EURODIAB Study
[42], the impact of vitamin D supplementation during infancy on the risk of developing
type 1 diabetes in the future was investigated. Analyzing data from 820 cases and
2,335 controls, the authors found that vitamin D supplementation in infancy was
associated with a significant decrease in the incidences of type 1 diabetes, even after
adjustment of several potential confounders, with an estimated odd ratio of 0.67,
which reinforces the possible immunomodulatory effect and protective role of the
vitamin against the development of the disease in susceptible individuals.

Unfortunately, the large multicenter study Thiazolidinedione Intervention
with Vitamin D Evaluation (TIDE), randomized, double-blind, placebo-controlled,
designed to include 16,000 diabetics in 33 countries to be followed for more than five
years, in which 1,221 individuals came to be assigned to receive 1,000 IU per day of
vitamin D or placebo, with the primary objective of evaluating the effects of the
vitamin on all-cause mortality and incidence of cancer, had to be stopped early for
internal regulatory reasons, without reaching the goals, being observed, however,
comparable incidence of adverse events in the two groups [64].

Finally, it is worth noting that vitamin D supplementation is considered
safe: under natural conditions, a full body exposure to sunlight, for example, is able
to induce rapidly (<20 minutes) to the synthesis of the equivalent of more than 10,000
Ul without any known adverse effects, apart from the possible harm to the skin, i.e.,
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does not cause intoxication, because excess vitamin D3 is simply converted into
inactive products [65]. Indeed, accumulating evidence has shown that prolonged
intake of 10,000 IU/day (or 250 micrograms) of vitamin D3 causes, in general, no risk
of adverse effects, so this dose can be considered totally safe. Thus, vitamin D
intoxication is extremely rare, occurring only upon accidental or intentional ingestion
of excessively high doses, more than 50,000 IU per day, in which serum levels of
25(0OH)D may exceed 150 ng/ml and cause hypercalcemia and hyperphosphatemia
[65].

However, the dose of oral supplementation of vitamin D3 (cholecalciferol)
required in individuals who live without adequate sunlight exposure also has been a
matter of debate. The Institute of Medicine recommends, as an adequate intake,
daily doses of 200 IU for children and adults up to 50,400 IU for adults 51-70 years
and 600 IU for those over 70 years. However, most experts agree that, without
adequate sun exposure, children and adults require approximately 800 to 1,000 IU
per day. In individuals with proven vitamin D deficiency, Holick [65] has
recommended doses even higher: 50,000 IU per week for eight weeks, followed by
half this dose indefinitely.

8. FINAL CONSIDERATIONS

Vitamin D appears to play an important role in cardiovascular health.
Numerous studies have shown, as demonstrated above, strong independent
association between hypovitaminosis D and cardiometabolic risk. Increasing
evidence suggests that the effects on the cardiovascular system may stem from both
indirect actions, via modulation of known risk factors, and direct actions on cardiac
and vascular cells. Although there is still need for further studies, the potential
importance of vitamin D deficiency as an emerging major public health problem of
global proportions, with important implications for cardiovascular morbidity and
mortality is undeniable. Specifically in relation to CVD, hypovitaminosis D may be of
particular importance, considering, on one hand, the high prevalence of both
conditions around the world and, on the other, the possibility of its prevention and
correction in a simple way.

However, we still lack thorough evidence, based on large randomized
placebo-controlled studies using higher doses of vitamin D, with longer-term follow-
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up and with adequate statistical power to assess heavy outcomes, so you can
establish definitively the role of vitamin D, especially in its oral form, in the prevention
and treatment of CVD.As seen, many published studies have involved small
samples, specific populations and there is no uniformity regarding the inclusion
criteria or the dose of vitamin D administered and duration of treatment, and often
vitamin D has been administered together with calcium. So, further studies to
evaluate primarily the role of vitamin D and to establish its appropriate dose in this
context are needed. We believe, however, that the already published data linking
vitamin D deficiency and numerous health problems, not just cardiovascular disease,
and pointing to the multiple benefits of its replacement, which can be made in a
simple and safe way, argue strongly in favor of prevention and treatment of
hypovitaminosis D in order to reduce cardiovascular morbidity and mortality, despite
the lack of definitive studies in this area, as already explained.
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ABSTRACT

Hypovitaminosis D has been identified as a possible new cardiovascular risk
factor. However, the results of studies correlating serum vitamin D levels with
markers of subclinical atherosclerosis have been conflicting. The aim of this study
was to correlate serum levels of 25-hydroxyvitamin D [25(OH)D] with carotid intima-
media thickness (C-IMT) and conventional cardiovascular risk factors in Afro-
descendants. A cross-sectional analysis was performed on a sample of 382
individuals, from a cohort of descendants of African slaves, inhabitants of
“Quilombola” communities, with a mean age of 57.79 (x15.3) years, 54.5% of whom
were women. Socio-demographic and clinical data were collected and biochemical
tests were performed, including serum levels of 25(OH)D by
electrochemiluminescence and urinary albumin excretion, evaluated by the
albumin/creatinine ratio in a spot urine sample (ACR). All participants underwent
high-resolution ultrasonography for C-IMT measurement. Hypovitaminosis D was
defined as serum 25(OH)D levels<30 ng/ mL. The mean serum 25(OH)D levels were
50.4 (+13.5) ng/mL, with a low prevalence of hypovitaminosis D (4,86%). By simple
linear correlation, a significant inverse association between 25(OH)D levels and C-
IMT (r=-0.174, P=0.001) was observed. However, after multiple linear regression
analysis, the significance of the association between serum levels of 25 (OH) D and
C-IMT measurement was lost (3=-0.039, P=0.318) and only male sex, age, smoking,
systolic blood pressure, glucose and LDL-cholesterol remained significantly
associated with C-IMT. Levels of 25(OH)D were independently and positively
associated with HDL-cholesterol and inversely associated with age and ACR. In
conclusion, no independent association between 25(OH)D levels and C-IMT was
observed in this population. On the other hand, there was an inverse association with
albuminuria, a marker of endothelial lesion.

Keywords: Vitamin D deficiency, Carotid intima-media thickness (C-IMT),

Atherosclerosis, African continental ancestry group
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INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death and disability
worldwide (1). Although the role of traditional risk factors has already been
established, it is known that they may not fully explain the development of CVD.
Recent evidence suggests that vitamin D deficiency, currently very prevalent,
affecting around one billion individuals worldwide, according to estimates (2), may be
associated with an increased risk of CVD (3).

Vitamin D, in fact a steroid hormone, has as its primary function the
regulation of calcium and phosphorus homeostasis, in interaction with parathyroids,
kidneys and intestines. Under normal conditions, only about 10% of the vitamin
required is obtained by food intake, the rest being synthesized in the body, starting
with the activation of a cutaneous precursor by solar ultraviolet radiation and
involving successive hydroxylation processes at the hepatic and renal levels (4,5).

The role of vitamin D in the regulation of bone metabolism is already well
established. Thus, diseases such as rickets and osteomalacia have been classically
attributed to hypovitaminosis D (5). However, in recent years, several studies have
demonstrated that the vitamin D function extends well beyond bone health, being
exerted on specific receptors, the VDRs, present in innumerable cell types,
modulating more than 200 genes (5). Thus, hypovitaminosis D has been associated
with disorders as varied as autoimmune diseases, infections and cancer. In the
cardiovascular area, it has been independently associated with the occurrence of
myocardial infarction (6), stroke (7), peripheral arterial disease (8) and cardiovascular
death (3).

The mechanisms by which vitamin D levels may influence cardiovascular
risk are still not fully understood and their participation in atherogenesis has been
postulated. However, studies attempting to correlate hypovitaminosis D with early
signs of atherosclerosis in different population profiles have reported conflicting
findings (4,9-17), and no research of this nature has been identified in the Latin
American population.

Thus, in the present study, we sought to correlate serum levels of 25-
hydroxyvitamin D (25 (OH) D), the stable circulating form of the vitamin, with a
marker of subclinical atherosclerosis, the measure of carotid intima-media thickness
(C-IMT), and conventional risk factors in Afro-descendant individuals, inhabitants of

quilombola communities in the western coast of the State of Maranhao, Brazil.
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METHODS

Study population

This cross-sectional study evaluated individuals aged = 18 years, inhabitants of
quilombola communities, located in the municipality of Alcantara, west coast of the
State of Maranhao, Brazil, included in a prevalence study of chronic kidney disease,
the PREVRENAL (18). All PREVRENAL participants, selected from among the
inhabitants of 32 communities by a probabilistic sampling process, numbered 1539,
were examined in the community itself, after receiving clarifications about the
research objectives and signing the consent form. Socio-demographic, lifestyle
(smoking, alcohol consumption and work activity), anthropometric (weight, height and
waist circumference) and clinical (previous pathological history and blood pressure)
data were collected. Blood samples, after a 12-hour fast, and urine were collected for
biochemical analysis and measure of urine albumin excretion.

All the individuals identified as having systemic arterial hypertension (SAH),
diabetes mellitus (DM), albuminuria and/or reduced estimated glomerular filtration
rate (GFR) were referred to a University Hospital for specialized exams and
considered eligible for the present study. Thus, out of a total of 416 participants who
fulfilled this initial inclusion criterion, 25 were excluded because they presented an
overt cardiovascular disease and nine did not attend to perform the complementary
exams, so that, at the end, 382 individuals (91,8% of those initially eligible)

constituted the sample object of the present research.

Clinical evaluation

Standardized questionnaires were used in the initial evaluation to record
information. Data on alcohol consumption (yes / no) and smoking (yes / no) were
obtained. Blood pressure was defined as the mean of the last two of three
measurements, performed at intervals = 2 minutes, using a mercury column
sphygmomanometer after sitting in the sitting position for at least five minutes. SAH
was defined as the finding of any of the following four criteria: systolic blood pressure
=140 mmHg, diastolic blood pressure 290 mmHg, previous diagnosis by a physician
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or use of antihypertensive medication. The diagnosis of DM was performed according
to the following criteria: use of hypoglycemic agents, fasting glycemia = 126 mg / dL
or an oral glucose tolerance test = 200 mg / dL. The body mass index (BMI) was
calculated using the formula: BMI = weight / height2 (kg / m2). The waist
circumference was measured with the patient standing at expiration at the midpoint

between the last rib and the iliac crest.

Biochemical evaluation

The biochemical measurements were performed in an automated way in a
single laboratory. The GFR was estimated by the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula, being considered low a GFR <60 ml
/ min / 1.73m?, based on the definition of chronic kidney disease (CKD) from the
National Kidney Foundation (19).

The 25(0OH)D dosage was performed by means of the
electrochemiluminescence fixation assay (Elecsys, Roche Diagndstica). A serum
level = 30 ng / ml was considered normal. Values <30 ng / ml were subclassed as
insufficient (20-29 ng / ml) and deficient (<20 ng / ml) (20).

Urine albumin and ultra-sensitive serum C-reactive protein assays were
performed by immunoturbidimetry. Albuminuria was evaluated by means of the
albumin / creatinine ratio (ACR) in an isolated urine sample. Microalbuminuria was

defined as urinary albumin excretion values between 30 and 300 mg / g.

Measurement of carotid media-intima thickness (C-IMT)

The carotid artery ultrasound examination was performed with a 7.5 MHz linear
transducer in longitudinal section in mode B, by a single experienced examiner,
blinded to the participants' clinical and laboratory information, in a GE model Vivid 3
device. The C-IMT was measured at the distal wall (farthest from the transducer) of
the common carotid artery, 10 mm proximally to its bifurcation, on both sides,
according to current recommendations (21). The measurement consists of the
distance between two echogenic lines represented by the lumen-intima and medium-
adventitia interfaces of the arterial wall, being considered normal when <0.9 mm. In
the present study, the arithmetic mean of the C-IMT measurements obtained in the
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two carotid arteries was considered for analysis. A thickening = 1.5 mm was

categorized as atheromatous plaque.

Statistical analysis

The Kolmogorov Smirnov test was used to evaluate the normality of the
continuous variables. Qualitative variables were represented by relative frequency
(%) and continuous variables, such as mean and standard deviation (SD). The chi-
square test was used to compare proportions. For comparison of means, we used
the Student t test. In order to analyze the degree of linear correlation between
continuous variables, Pearson's correlation coefficient was calculated. Associations
presenting a p <0.20 at the bivariate analysis were submitted to multiple linear
regression analysis. In the multiple linear regression model, sex (male = 0 and
female = 1) and smoking (absent = 0 and present = 1) were included as dummy
variables. The dichotomization of 25(OH)D serum levels according to the 50th
percentile was chosen because of the very low prevalence of hypovitaminosis D,
according to the conventional cut-off point. Data were processed and submitted to
statistical analysis using the program SPSS 18.0 for Windows, adopting as significant
ap <0.05 (5%).

Ethical Considerations

This research, because it involved human beings, was carried out in
accordance with the Brazilian National Health Council Resolution 196/96, in force
throughout the national territory. The inclusion of the participants was done by
signing a Term of Free and Informed Consent, where there was the information that
the data obtained would be confidential and used only in this research. The
PREVRENAL project was approved by the Ethics Committee

of the university institution involved in the study.
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RESULTS

The analyzed sample consisted of 382 individuals, with a mean age of 57.79
(x15.39) years, being almost half with age = 60 years, with a slight predominance of
females. As expected, almost 90% of participants were non-white, and most had low
income and low level of schooling. Farmers and fishermen made up half the sample.
The expressive prevalence of SAH, DM and albuminuria are justified by the inclusion
criteria of study participants. The mean serum levels of 25(OH)D were within the
range considered healthy (=30 ng/mL), with a low prevalence of hypovitaminosis D
(4,86%). Slightly more than half of the participants had increased C-IMT and almost
half had carotid atheromatous plaques. These and other characteristics of the study
population are presented in Table 1.

Table 2 presents the characteristics of the participants according to the 50th
percentile of serum 25(OH)D levels. Lower levels of vitamin D were observed in
women, older individuals, hypertensive individuals, diabetics, smokers, those with
higher blood pressure and higher BMI. Regarding the biochemical parameters, lower
levels of 25(0OH)D were associated with lower levels of creatinine, HDL-cholesterol
and hemoglobin, and higher glycemia, LDL-cholesterol and albuminuria. Higher
mean C-IMT was also observed among those with lower levels of 25(OH)D. There
was no significant difference in the prevalence of carotid atheromatous plaques
between the two subgroups of 25(OH)D levels.

After multiple linear regression analysis (Table 3), lower levels of 25(OH)D
remained significantly associated with the female sex. In addition, the variables
creatinine and HDL-cholesterol were positively associated with 25(OH)D levels, and
age, BMI and ACR were inversely associated.

As seen in Table 4, bivariate analysis showed that an increased C-IMT was
significantly associated with male sex, older age, presence of SAH, DM and smoking,
as well as higher BMI, systolic blood pressure, creatinine, glycemia and LDL-
cholesterol and lower levels of 25(OH)D. In a simple linear correlation analysis
(Pearson), there was a significant inverse association between serum 25(OH)D
levels and C-IMT (r=-0.174, P=0.001). However, after multiple regression analysis,
this association lost significance when the variable age was added to the model (B=-
0.039, P=0.318), so that, besides age, only male gender, smoking and, in the positive
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direction, systolic blood pressure, glycemia and LDL-cholesterol levels remained
significantly associated with C-IMT (Table 5).

DISCUSSION

The present study analyzed adult individuals of both sexes, Afro-
descendant, with cardiovascular risk factors, inhabitants of Quilombola remnant
communities, and found no evidence of an independent association between serum
levels of 25(OH)D and C-IMT, as well as the presence of carotid atheromatous
plaques. On the other hand, an independent inverse association between 25(OH)D
levels and urinary albumin excretion, assessed by ACR in an isolated urine sample,
was observed.

A low prevalence of hypovitaminosis D (< 5%), with only three cases of
deficiency (0.81%), was observed in this population, with a mean serum level of
25(0OH)D of 50 ng/mL.This finding differs substantially from what has been described
in most studies from around the world, including tropical countries, which show that it
affects in general more than half of the individuals (22). Our finding is even more
striking considering that it was found in a predominantly dark-skinned population,
since melanin is considered a potent natural sun blocker (22). Factors related to the
lifestyle of this population, including professional activities such as farming and
fishing, characterized by extensive exposure to solar radiation, probably explain this
characteristic.

C-IMT is a marker of subclinical atherosclerosis widely validated as an
independent predictor of cardiovascular events (23). The inverse association
between serum levels of 25(OH)D and C-IMT, initially observed in this study, lost its
significance when the variable age was included in the multivariate analysis model.
The study corroborated, on the other hand, the role of traditional risk factors for
atherosclerosis, with independent associations of the variables age, male sex,
smoking, systolic blood pressure, fasting glucose and LDL cholesterol with C-IMT.

The independent inverse association between 25(OH)D levels and the
urinary albumin excretion observed in this study should be highlighted. Albuminuria is
considered a sensitive marker of endothelial lesion and an independent predictor of
cardiovascular events (24,25). This association has also been reported in type 2
diabetics (26), in the Third National Health and Nutrition Examination Survey
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(NHANES 1ll) population (27) and in individuals with CKD (28). In addition to its
possible antiatherosclerotic effects (29), a nephroprotective role of vitamin D has also
been suggested, and there is evidence that vitamin D therapy can reduce
albuminuria (24) and delay the progression of renal disease (25).

The participation of vitamin D deficiency in the pathogenesis of
atherosclerosis has been evoked in numerous studies, based on the finding that low
levels of 25(OH)D correlate with a higher incidence of deaths and cardiovascular
events, particularly of atherosclerotic nature (3,6,7,30). This hypothesis is reinforced
by the fact that a higher prevalence of obesity, dyslipidemia, metabolic syndrome,
SAH and DM, which are recognized as important factors in the pathophysiology of
atherosclerosis, has also been observed in individuals with hypovitaminosis D (22).

In addition, there is biological plausibility to justify the antiatherosclerotic role
of hypovitaminosis D, which has been explained by several possible mechanisms
(29). The active form of vitamin D, the 1,25-dihydroxyvitamin D, through its binding to
VDR, regulates numerous genes involved in processes of fundamental importance in
cardiovascular physiology, such as the renin-angiotensin system activity,
proliferation, cell migration and differentiation, membrane transport, cell adhesion,
immune response and cytokine expression. Vitamin D receptors have been found in
all major cellular types of the cardiovascular system, including cardiomyocytes and
especially cells involved directly in the atherosclerotic process, such as arterial wall
cells (endothelial and smooth muscle cells) and immune cells. Thus, vitamin D
deficiency, according to several studies, some of which experimental, may play a
determining role in processes such as apoptosis, oxidative stress, smooth muscle
cell proliferation, inflammation and thrombosis. Vitamin D also has a role in the
mechanisms of insulin synthesis, secretion and resistance, which would justify the
association between its deficiency and a higher incidence of DM (29,31,32). On the
other hand, hyperparathyroidism secondary to chronic hypovitaminosis D has also
been reported as an additional cardiovascular risk factor in this condition (31).

Thus, studies attempting to correlate hypovitaminosis D with subclinical
atherosclerosis markers have attracted considerable interest from several
researchers in recent years, with variable results. Vitamin D deficiency has been
associated with endothelial dysfunction (9,10) and higher coronary calcium score
(13). In the elderly, Reis et al. (4) verified an independent inverse association
between serum 25(0OH)D levels and internal C-IMT. In type 2 diabetics, an inverse
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association was also observed by Targher et al. (11) but not by Winkler et al. (12). In
patients with CKD, inverse correlation was observed by Yadav et al. (14) but not by
Zang et al. (15). Finally, the two largest studies identified, one involving 926
climacteric women (16), and the other, 3,430 individuals at high cardiovascular risk
(17), also found divergent results, as only in the former there was an association
between low levels of 25(OH)D and greater C-IMT. Population differences and
methodological limitations, such as the small sample size of some of them and the
lack of adequate adjustment for all potential confounding factors, probably justify
such discrepancies.

The positive association between 25(OH)D and HDL-cholesterol levels,
which is classically linked to lower cardiovascular risk, observed in this study and
also by others (17,29, 33,34), deserves to be emphasized. Other favorable effects of
vitamin D on the lipid profile, such as reduction of triglycerides and LDL-cholesterol,
have also been described (29). The mechanisms by which vitamin D may favorably
affect lipid metabolism have not yet been fully elucidated. In vitro, studies have
shown that the incubation of adipocyte culture with calcitriol promoted an increased
expression and activity of lipoprotein lipase, an enzyme related to the reduction of
triglyceride levels and increase in HDL-cholesterol (29).

The results of the present study, therefore, do not support the hypothesis of
the antiatherosclerotic, vasculoprotective role of vitamin D, since the inverse
association between levels of 25(0OH)D and C-IMT did not persist in the multivariate
analysis. However, our study may have had limited statistical power because of the
very low prevalence of hypovitaminosis D. With a variation of 25(OH)D levels almost
entirely within the normal range, it would be unlikely to find a relevant role of the
vitamin in the pathogenesis of atherosclerosis in these individuals. On the other
hand, its inverse association with urinary excretion of albumin should be valued and
may indicate a role for lower levels of vitamin D, even though currently classified as
"normal”, at an earlier stage of atherosclerosis in this population. Therefore, based on
our findings, the association of hypovitaminosis D with the pathogenesis of
atherosclerosis in this population should not be totally discarded.

The inconsistency of results in the literature on the association between
vitamin D deficiency and early markers of atherosclerosis, coupled with the
divergence between observational and intervention studies, have estimulated an
intense debate on the causality of hypovitaminosis D in CVD in the last decade
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(22,31,35). Many scholars argue that hypovitaminosis D would not play a
determinant role in the pathophysiology of diseases, but would be only a marker of
inflammation, hence its association with CVD. However, the remarkable limitations of
previous interventional studies, such as small sample size, short period of
observation, varied doses of vitamin D used, and joint administration with calcium,
among others, should be emphasized. Thus, such a debate should persist until
results from large, randomized ongoing trials assessing the impact of
supplementation on hard outcomes, are available in the coming years.

The present study has some limitations. Its cross sectional design does not
allow establishing a causal relationship in the associations found, as well as the
selection of a sample from a specific population does not allow the extrapolation of
our results to other populations. In addition, the limited statistical power of the study,
due to its relative small sample size and the low proportion of individuals with
hypovitaminosis D observed, should be considered. On the other hand, some
strengths should be highlighted. It is a study approaching a population profile not
previously studied, that correlated serum levels of 25(OH)D with C-IMT and
albuminuria, two established early markers of atherosclerosis, in addition to several
traditional cardiovascular risk factors / markers. Finally, this seems to be the first
Latin American study of this nature.

In conclusion, no independent association between serum levels of 25(OH)D
and C-IMT was observed in this population. On the other hand, there was an inverse
association with albuminuria, a marker of endothelial injury and also an independent

predictor of cardiovascular events.
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Table 1 - Socio-demographic, clinical-anthropometric

of the study population (n = 382).

74

and laboratory characteristics

Age, mean (£SD), years

57,79 (+ 15,39

)
Age = 60 years, n (%) 181 (47,38)
Female sex, n (%) 208 (54,5)
Non-whites, n (%) 328 (86)
Occupation, n (%)
Farmers/ fishermen 194 (50,9
Retired 133 (34,9
Other 54 (14,2
Income up to a minimum wage, n (%) 302 (79,06
Up to four years of schooling, n (%) 328 (85,86
Smokers, n (%) 41 (10,7
Alcoholics, n (%) 109 (28,5
Weight, mean (£SD), Kg 62,95 (£ 12,79
Height, mean (£SD), cm 155 (+ 8,30
Body mass index, mean (+SD), kg/m® 26,23 (£ 5,42
Waist circumference, mean (xSD), cm 68,64 (+ 32,50
Systemic arterial hypertension, n (%) 241 (66,5

Systolic blood pression, mean (£SD), mmHg

148,58 (+ 28,18

Diastolic blood pressure, mean (£SD), mmHg

84,64 (+ 14,41

Diabetes mellitus, n (%) 59 (17,70
Fasting glycemia, mean (+SD), mg/dl 119,36 (£ 54,60
Creatinine, mean (xSD), mg/d| 0,86 (+ 0,31

HDL-cholesterol, mean (xSD), mg/dl

47,87 (£ 13,57

Men

45,81 (+ 14,01

Women

49,55 (+ 13,52

Triglycerides, mean (£SD), mg/dI

171,77 (£ 114,21

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

Albumin-creatinine ratio, mean (£SD), mg/g 38,8 (£ 16,19
Albumin-creatinine ratio (isolated sample of urine), mg/g, n (%)
<30 284 (75,53)
30 — 300 84 (22,34)
> 300 8(2,12)
25(0OH)D, mean (xSD), ng/mL 50,4 (£ 13,5)
< 30ng/mL, n (%) 18 (4,86)
< 20 ng/mL, n (%) 3(0,81)
> 100 ng/mL, n (%) 3(0,81)
Carotid intima-media thickness, mean (+SD), mm 0,92 (£ 0,21)
)

Carotidintima-mediathickness= 0,9 mm, n (%)

200 (53,50
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Carotidatheromatous plaque, n (%) 168 (44,2)

SD — standard deviation; 25(OH)D — 25-hydroxyvitamin D.



Table 2. Characteristics of the participants according to the 50th percentile of serum

25(0OH)D levels.

< 50,7 ng/L = 50,7 ng/L P value
Sex

Male, n, (%) 56 (33,5) 111 (66,5)

Female, n, (%) 133 (65,5) 70 (34,5) < 0,001
Age, mean * SD, years 60,8 £ 14,4 54,4 +15,8 < 0,001
SAH, n (%) 139 (57,7) 95 (39,4) 0,001
DM, n (%) 36 (61,0) 23 (39) 0,002
Smokers, n (%) 16 (39,0) 23 (56) 0,006
SBP, mean + SD, mmHg 152,5+29,6 1449 +26,7 0,010
DBP, mean + SD, mmHg 85,6 £ 14,0 83,7 £14,9 0,197
BMI, mean + SD, kg/m2 26,7 +5,4 244 +42 <0,001
WC, mean = SD, cm 65,7 + 35,4 72,2 +28,4 0,054
Creatinine, mean + SD, mg/dL 0,86 +0,2 0,95+0,2 <0,001
Cystatin C, mean = SD, mg/dL 0,35+0,18 0,38 £0,18 0,671
ACR, mean + SD, mg/g 13 (4,2) 4 (3,8) 0,043
Fasting glycemia, mean + SD, 125,7+ 60,2 114,1 + 49,2 0,043
mg/dL
HDL-cholesterol, mean £ SD, mg/dL 46,6 £+ 11,4 49,6 £ 15,2 0,038
LDL-cholesterol, mean + SD, mg/dL  140,0 £ 39,2 124,5+453 0,001
Triglycerides, mean + SD, mg/dL 1596 £+ 97,8 141,9+ 88,0 0,069
Uric acid, mean = SD, mg/dL 478+ 1,38 4,73+ 1,34 0,796
Ferritin, mean + SD, mg/dL 123,6 +167,0 128,4 +133,5 0,760
Hemoglobin, mean + SD, g/dL 13,4+14 140+1,6 <0.001
Hs-CRP, mean + SD, mg/dL 0,55+1,3 0,84 £4,5 0,406
C-IMT, mean £ SD, mm 0,96 £0,2 0,88 +£0,2 <0,001
C-IMT 20,9 mm, n (%) 112 (56) 81 (40,5) <0,001
Carotid atheromatous plaque, 88 (46,56) 76 (42,0) 0,506

n (O/o)

25(0OH)D: 25-hydroxyivitamin D; SD — standard deviation; SAH — systemic arterial
hypertension; DM — diabetes mellitus; SBP — systolic blood pressure; DBP — diastolic
blood pressure; BMI — body mass index; WC — waist circumference; ACR - albumin /
creatinine ratio in an isolated sample of urine; hs-CRP - high-sensitivity C-reactive
protein; C-IMT — carotid intima-media thickness.
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Table 3. Variables independently associated with serum 25(OH)D levels after

multiple linear regression analysis.

Variable B P value
Sex -0,246 <0,001
Age -0,235 <0,001
BMI -0,179 0,001
Creatinine 0,159 0,004
HDL-cholesterol 0,104 0,030
ACR -0,235 <0,001

25(0OH)D - 25-hydroxyivitamin D; BMI — body mass index; ACR - albumin / creatinine
ratio in an isolated sample of urine
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Table 4. Correlation between the various clinical-laboratory variables of the

participants and the categorized C-IMT.

C-IMT
< 0,9 mm 20,9 mm P value
Sex, n (%)

Male 77 (45,57) 92 (54,43)

Female 97 (47,32) 108 (52,68) < 0,001
Age, mean * SD, years 47,8 £13,5 66,1 + 11,2 < 0,001
SAH, n (%) 101 (42,44) 137 (57,56) < 0,001
DM, n (%) 19 (33,93) 37 (66,07) 0,015
Smokers, n (%) 18 (47,37) 20 (52,63) < 0,001
SBP, mean + SD, mmHg 140,2 + 23,8 156,5 + 29,3 < 0,001
DBP, mean + SD, mmHg 84,2 +13,7 85,5+ 14,6 0,362
BMI, mean + SD, kg/m* 26,2+ 4,6 250+52 0,019
WC, mean *SD, cm 70,9 £31,5 66,6 + 33,1 0,197
Creatinine, mean *= SD, 0,87 +0,1 0,95+0,3 0,002
mg/dL
ACR, mean + SD, mg/g 5,0 (3,8) 12,5 (6,4) < 0,001
Fasting glycemia, mean = 1123 1+48,4 124,9 + 59,3 0,025
SD, mg/dL
HDL-cholesterol, mean + 473 +13,7 48,6 + 13,4 0,354
SD, mg/dL
LDL-cholesterol, mean + SD, 121,9 + 35,3 1422 + 46,7 < 0,001
mg/dL
Triglycerides, mean £ SD, 151,3 +108,1 154,2 + 87,9 0,499
mg/dL
Uric acid, mean + SD, 4,66 +1,25 4,76 £+1,48 0,596
mg/dL
Ferritin, mean + SD, mg/dL 126,4 + 195,2 122,8 +91,8 0,825
Hemoglobin, mean = SD, 13,9%+1,5 13,56+1,4 0,011
g/dL
hs-CRP, mean + SD, mg/dL 0,81 £4,5 0,57 +1,2 0,499
25(0OH)D, mean + SD, ng/mL 522 + 14,2 48,9+ 12,6 0,020

C-IMT — carotid intima-media thickness; SD — standard deviation; SAH — systemic
arterial hypertension; DM — diabetes mellitus; PAS — pressao arterial sistolica; SBP —
systolic blood pressure; DBP — diastolic blood pressure; BMI — body mass index;
WC — waist circumference; ACR - albumin / creatinine ratio in an isolated sample of
urine; hs-CRP - high-sensitivity C-reactive protein; 25(OH)D - 25-hydroxyivitamin D.
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Table 5. Variables independently associated with mean C-IMT, after multiple linear

regression, stepwise mode.

B P value
Age 0,618 <0,001
Sex -0,148 0,001
Smoking 0,080 0,026
Systolic blood pressure 0,191 <0,001
Fasting glycemia 0,127 <0,001
LDL-cholesterol 0,141 <0,001

C-IMT — carotid intima-media thickness.
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2004.

.1.2.10.4 Edited Book:
e [5] Brown AM, Stubbs DW, editors. Medical physiology. New York: Wiley; 1983.

.1.2.10.5 Conference Proceedings:
e [6] Harris AH, editor. Economics and health: 1997: Proceedings of the 19th Australian
Conference of Health Economists; 1997 Sep 13-14; Sydney, Australia. Kensington, N.S.W.:
School of Health Services Management, University of New South Wales; 1998.

.1.2.10.6 Journal Article on the Internet:
¢ [7] Aylin P, Bottle A, Jarman B, Elliott, P. Paediatric cardiac surgical mortality in England after
Bristol: descriptive analysis of hospital episode statistics 1991-2002. BMJ [serial on the
Internet]. 2004 Oct 9; [cited 2004 October 15]; 329: [about 10 screens]. Available
from: http://bmj.bmjjournals.com/cqgi/content/full/329/7470/825

.1.2.10.7 Patent:
e [8] Kimura K, Lipeles A. Fuzzy controller component. U. S. Patent 14,860,040, December 14,
1996.

.1.2.10.8 E-citations:

¢ [9] Citations for articles/material published exclusively online or in open access (free-to-view) ,
must contain the exact Web addresses (URLs) at the end of the reference(s), except those
posted on an author’s Web site unless editorially essential, e.g. ‘Reference: Available from:
URL’.

Some important points to remember:

¢ All references must be complete and accurate.

o If the number of authors exceeds six then et al will be used after three names (the term “et al ”
should be in italics).

¢ Online citations should include the date of access.

¢ Journal abbreviations should follow the Index Medicus/MEDLINE.

¢ Take special care of the punctuation convention as described in the above-mentioned
examples.

¢ Avoid using superscript in the in-text citations and reference section.
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¢ Abstracts, unpublished data and personal communications (which can only be included if prior
permission has been obtained) should not be given in the reference section but they may be
mentioned in the text and details provided as footnotes.

¢ The authors are encouraged to use a recent version of EndNote (version 5 and above) or
Reference Manager (version 10) when formatting their reference list, as this allows
references to be automatically extracted.

1.1.2.11. Appendices:

In case there is a need to present lengthy, but essential methodological details, use
appendices, which can be a part of the article. An appendix must not exceed three pages (Times New
Roman, 12 point fonts, 900 max. words per page).The information should be provided in a condensed
form, ruling out the need of full sentences. A single appendix should be titted APPENDIX, while more
than one can be titted APPENDIX A, APPENDIX B, and so on.

1.1.2.12. Figures/lllustrations:

The authors should provide the illustrations as separate files, as well as embedded in the text
file, numbered consecutively in the order of their appearance. Each figure should include a single
illustration. No charges will be levied on the use of color figures except in the reprints. Each figure
should be closely cropped to minimize the amount of white space surrounding the illustration.

If a figure consists of separate parts, it is important that a single composite illustration file be
submitted, containing all parts of the figure.

Photographs should be provided with a scale bar if appropriate, as well as high-resolution
component files.

1.1.2.12.1 Scaling/Resolution:

For Line Art image type, which is generally an image based on lines and text and does not
contain tonal or shaded areas, the preferred file format is TIFF or EPS, with colour mode being
Monochrome 1-bit or RGB, in a resolution of 900-1200 dpi.

For Halftone image type, which is generally a continuous tone photograph and contains no text,
the preferred file format is TIFF, with colour mode being RGB or Grayscale, with a minimum resolution
of 300 dpi.

For Combination image type, which is generally an image containing halftone in addition to text
or line art elements, the preferred file format is TIFF, with colour mode being RGB or Grayscale, in a
resolution of 500-900 dpi.

1.1.2.12.2 Formats:
For illustrations, the following file formats are acceptable:
o lllustrator
¢ EPS (preferred format for diagrams)
¢ PDF (also especially suitable for diagrams)
¢ PNG (preferred format for photos or images)
¢ Microsoft Word (version 5 and above; figures must be a single page)
¢ PowerPoint (figures must be a single page)
e TIFF
¢ JPEG (conversion should be done using the original file)
« BMP
e CDX (ChemDraw)
¢ TGF (ISISDraw)
Bentham OPEN does not process figures submitted in GIF format.
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If the large size of TIFF or EPS figures acts as an obstacle to online submission, authors may
find that conversion to JPEG format before submission results in significantly reduced file size and
upload time, while retaining acceptable quality. In order to maintain acceptable image quality, it is
recommended that JPEG files are saved at High or Maximum quality.

Files should not be compressed with tools such as Zipit or Stuffit prior to submission as these
tools will in any case produce negligible file-size savings for JPEGs and TIFFs, which are already
compressed.

Please do not:

1. Supply embedded graphics in your word processor (spreadsheet, presentation) document.

2. Supply files that are optimized for screen use (like GIF, BMP, PICT, WPG); the resolution is

too low.

3. Supply files that are too low in resolution.

4. Submit graphics that are disproportionately large for the content.

1.1.2.12.3 Image Conversion Tools:

There are many software packages, many of them freeware or shareware, capable of
converting to and from different graphics formats, including PNG.

Good general tools for image conversion include GraphicConverter on the Macintosh,
PaintShop Pro, for Windows, and ImageMagick, which is available on Macintosh, Windows and UNIX
platforms.

Note that bitmap images (e.g. screenshots) should not be converted to EPS, since this will
result in a much larger file size than the equivalent JPEG, TIFF, PNG or BMP, with no increase in
quality. EPS should only be used for images produced by vector-drawing applications such as Adobe
lllustrator or CorelDraw. Most vector-drawing applications can be saved in, or exported as, EPS
format. In case the images have been originally prepared in an Office application, such as Word or
PowerPoint, then the original Office files should be directly uploaded to the site, instead of being
converted to JPEG or another format that may be of low quality.

1.1.2.13. Chemical Structures:

Chemical structures MUST be prepared according to the guidelines below.

Structures should be prepared in ChemDraw and provided as separate file, submitted both on
disk and in printed formats.

1.1.2.13.1 Structure Drawing Preferences:
[As according to the ACS style sheet]

Drawing Settings:
Chain angle 120°

Bond spacing 18% of width

Fixed length 14.4 pt (0.500cm, 0.2in)
Bold width 2.0 pt (0.071cm, 0.0278in)
Line width 0.6 pt (0.021cm, 0.0084in)

(
Margin width 1.6 pt (0.096¢cm)
(

Hash spacing 2.5 pt (0.088cm, 0.0347in)

Text Settings:
Font Times New Roman
Size 8 pt

Under the Preference Choose:

Units

points
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Tolerances 3 pixels
Under Page Setup Use:

Paper US letter
Scale 100%

1.1.2.14. Tables:

» Data Tables should be submitted in Microsoft Word table format.

¢ Each table should include a title/caption being explanatory in itself with respect to the details
discussed in the table. Detailed legends may then follow.

e Table number in bold font i.e. Table 1, should follow a title. The title should be in small case
with the first letter in caps. A full stop should be placed at the end of the title.

» Tables should be embedded in the text exactly according to their appropriate placement in the
submitted manuscript.

¢ Columns and rows of data should be made visibly distinct by ensuring that the borders of each
cell are displayed as black lines.

e Tables should be numbered in Arabic numerals sequentially in order of their citation in the
body of the text.

o If a reference is cited in both the table and text, please insert a lettered footnote in the table to
refer to the numbered reference in the text.

» Tabular data provided as additional files can be submitted as an Excel spreadsheet.

1.1.2.15. Supportive/Supplementary Material:

We do encourage to append supportive material, for example a PowerPoint file containing a talk
about the study, a PowerPoint file containing additional screenshots, a Word, RTF, or PDF document
showing the original instrument(s) used, a video, or the original data (SAS/SPSS files, Excel files,
Access Db files etc.) provided it is inevitable or endorsed by the journal's Editor.

Supportive/Supplementary material intended for publication must be numbered and referred to
in the manuscript but should not be a part of the submitted paper. In-text citations as well as a section
with the heading "Supportive/Supplementary Material" before the "References" section should be
provided. Here, list all Supportive/Supplementary Material and include a brief caption line for each file
describing its contents.

Any additional files will be linked into the final published article in the form supplied by the
author, but will not be displayed within the paper. They will be made available in exactly the same form
as originally provided only on our Web site. Please also make sure that each additional file is a single
table, figure or movie (please do not upload linked worksheets or PDF files larger than one sheet).
Supportive/ Supplementary material must be provided in a single zipped file not larger than 4 MB.

Authors must clearly indicate if these files are not for publication but meant for the
reviewers'/editors' perusal only.

1.1.3 PERMISSION FOR REPRODUCTION:

Published/reproduced material should not be included unless you have obtained written
permission from the copyright holder, which should be forwarded to the Editorial Office in case of
acceptance of your article for publication.

For obtaining permission for reproducing any material published in an article by Bentham Open,
please fill in the request FORM and send totocmj@benthamopen.org for consideration.

1.1.4 AUTHORS AND INSTITUTIONAL AFFILIATIONS:

The author will be required to provide their full names, the institutional affiliations and the
location, with an asterisk in front of the name of the principal/corresponding author. The corresponding
author(s) should be designated and their complete address, business telephone and fax numbers and
e-mail address must be stated to receive correspondence and galley proofs.
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1.1.5 REVIEWING AND PROMPTNESS OF PUBLICATION:

All manuscripts submitted for publication will be immediately subjected to peer-reviewing,
usually in consultation with the members of the Editorial Advisory Board and a number of external
referees. Authors may, however, provide in their Copyright Letter the contact details (including e-mail
addresses) of four potential peer reviewers for their paper. Any peer reviewers suggested should not
have recently published with any of the authors of the submitted manuscript and should not be
members of the same research institution.

All peer-reviewing will be conducted via the Internet to facilitate rapid reviewing of the submitted
manuscripts. Every possible effort will be made to assess the manuscripts quickly with the decision
being conveyed to the authors in due course. Papers which are delayed by authors in revision for
more than 30 days will have to be re-submitted as a new submission.

1.1.6 LANGUAGE AND EDITING:

Manuscripts submitted containing language inconsistencies will not be published. Authors must
seek professional assistance for correction of grammatical, scientific and typographical errors.
Professional team available at Eureka Science may assist you in the English language editing of your
article. Please contact Eureka Science for a language editing quote at e-mail: info@eureka-
science.com stating the total number of words of the article to be edited.

1.1.6.1. o0 £ HE

ZE QU He A= SHEA 2= JAYULC 92 QEE SlAles A2 e
= 90 HEY H23A0 28 S5 I JIRE2H It AXAMI 2 2 ALt 20
20 HASO0l U= IS 2ote MRS F0E st=X0 HMEoH| 8ol S HES AL}
g 202 AELICHL 90 HE AXMNE &) 2ol REE 202 HH+-E M2 LS R =
Jl=oe D1+ i 2l info@eureka-science.com 2 S LHAID| BHEHLICH

1.1.6.2. FS5HI%HE:

BHRSEXHIRE RN A T AR - AR HISCEIERIZIERT - T0iE
SEhEAE (LEARY) - oSSR ER ARG - BITEEEESR - HECSEREIES
ERARATE SIES WMBA TR A < 5L ERRFHL Ainfo@eureka-science.com.

1.1.7 EDITION ET LANGUE:

Les manuscrits soumis avec plusieurs erreurs typographiques en Anglais ne seront pas publiés
en I'état. Les manuscrits sont acceptés pour publication a la condition que I'anglais utilisé soit corrigé
aprés la soumission et seront envoyés pour examen a Eureka Science, une société d'édition de
langue professionnelle. Les auteurs en provenance de pays ou la langue est différente de I'anglais et
qui ont de médiocres compétences en anglais écrit, sont priés de contacter la société d'édition de
langue avant de soumetire leur manuscrit a la revue. Merci de contacter Eureka
Science a info@eureka-science.com pour un devis en indiquant le nombre total de mot de I'article a
éditer.

1.1.8 PROOF CORRECTIONS:

Authors are required to proofread the PDF versions of their manuscripts before submission. To
avoid delays in publication, proofs should be checked immediately for typographical errors and
returned within 48 hours. Major changes are not acceptable at the proof stage. If unable to send
corrections within 48 hours due to some reason, the author(s) must at least send an
acknowledgement on receiving the galley proofs or the article will be published exactly as received
and the publishers will not be responsible for any error occurring in the manuscript in this regard.
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The corresponding author will be solely responsible for ensuring that the revised version of the
manuscript incorporating all the submitted corrections receives the approval of all the authors of the
manuscript.

1.1.9 COPYRIGHT LICENSE:
The Corresponding Author retains ownership of the copyright in the published work in
accordance with the terms of the Creative Commons Attribution 4.0 International Public License.

1.1.10 PLAGIARISM PREVENTION:

Bentham Open uses the iThenticate software to detect instances of overlapping and similar text
in submitted manuscripts. iThenticate software checks content against a database of periodicals, the
Internet, and a comprehensive article database. It generates a similarity report, highlighting the
percentage overlap between the uploaded article and the published material. Any instance of content
overlap is further scrutinized for suspected plagiarism according to the publisher’s Editorial Policies.
Bentham OPEN allows an overall similarity of 20% for a manuscript to be considered for publication.
The similarity percentage is further checked keeping the following important points in view:

1.1.10.1. Low Text Similarity:

The text of every submitted manuscript is checked using the Content Tracking mode in
iThenticate. The Content Tracking mode ensures that manuscripts with an overall low percentage
similarity (but which may have a higher similarity from a single source) are not overlooked. The
acceptable limit for similarity of text from a single source is 5%. If the similarity level is above 5%, the
manuscript is returned to the author for paraphrasing the text and citing the original source of the
copied material.

It is important to mention that the text taken from different sources with an overall low similarity
percentage will be considered as aplagiarized content if the majority of the article is a combination of
copied material.

1.1.10.2. High Text Similarity:

There may be some manuscripts with an overall low similarity percentage, but a higher
percentage from a single source. A manuscript may have less than 20% overall similarity but there
may be 15 % similar text taken from a single article. The similarity index in such cases is higher than
the approved limit for a single source. Authors are advised to thoroughly rephrase the similar text and
properly cite the original source to avoid plagiarism and copyright violation.

1.1.11 TYPES OF PLAGIARISM:

We all know that scholarly manuscripts are written after thorough review of previously published
articles. It is therefore not easy to draw a clear boundary between legitimate representation and
plagiarism. However, the following important features can assist in identifying different kinds of
plagiarized content.

These are:

* Reproduction of others words, sentences, ideas or findings as one’s own without proper

acknowledgement.

¢ Text recycling, also known as self-plagiarism. It is an author’s use of a previous publication in
another paper without proper citation and acknowledgement of the original source.

e Paraphrasing poorly: Copying complete paragraphs and modifying a few words without
changing the structure of original sentences or changing the sentence structure but not the
words.

¢ Verbatim copying of text without putting quotation marks and not acknowledging the work of
the original author.
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¢ Properly citing a work but poorly paraphrasing the original text is considered as unintentional
plagiarism. Similarly, manuscripts with language somewhere between paraphrasing and
quoting are not acceptable. Authors should either paraphrase properly or quote and in both
cases, cite the original source.

« Higher similarity in the abstract, introduction, materials and methods, and discussion and
conclusion sections indicates that the manuscript may contain plagiarized text. Authors can
easily explain these parts of the manuscript in many ways. However, technical terms and
sometimes standard procedures cannot be rephrased; therefore Editors must review these
sections carefully before making a decision.

1.1.12 PLAGIARISM IN PUBLISHED MANUSCRIPTS:

Published manuscripts which are found to contain plagiarized text are retracted from the journal
website after careful investigation and approval by the Editor-in-Chief of the journal. A ‘Retraction
Note’ as well as a link to the original article is published on the electronic version of the plagiarized
manuscript and an addendum with retraction notification in the journal concerned.

1.1.13 PUBLICATION FEES:
The publication fee details for each article published in the journal are given below:

1.1.13.1. Letters:
The publication fee for each published Letter article submitted is US $600.

1.1.13.2. Research Articles:
The publication fee for each published Research article is US $800.

1.1.13.3. Mini-Review Articles:
The publication fee for each published Mini-Review article is US $600.

1.1.13.4. Review Articles:

The publication fee for each published Review article is US $900.

The publication fee includes the professional copy editing charges. Once the paper is accepted
for publication, the author will receive an electronic invoice via email. Subsequent submissions from
the Bentham Open Authors will receive a discount of US$ 100 on the total publication charges
providing their previous submission did not avail any discount off the listed full author open access fee
rate. The fee form is also available on the Web site at Fee Form

1.1.13.5. Special Fee Waiver:

Bentham OPEN allows Special FEE Waiver to authors from 79 countries which are classified by
the World Bank as low-income economies or lower-middle-income economies as of September 2012
(reference - World Bank 1st September 2012). Refer to the complete list of these countries click here.

1.1.14MEMBERSHIP:
Join as a member of Bentham OPEN today to obtain great discounts on your article publication
fees! For details click here.

1.1.15 REPRINTS:
High quality printed reprints of published articles are available for purchase, if ordered, with a
minimum number of 100 reprints.
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ANEXO B - INSTRUCTIONS TO AUTHORS - BRAZILIAN JOURNAL

Brazilian Journal

OF MEDICAL AND BIOLOGICAL RESEARCH

INSTRUCTIONS TO AUTHORS
Scope and policy

af medicol and biclogical research

ISSN 1414-431X online
version

Publication charges

Preparation of Research Manuscripts
Manuscript categories

Organization of the Manuscript

How to submit a manuscript to the BJMBR
Manuscript criteria and information
Copyright

Cell Biology

Biological activity of natural products
Editorial review and processing
Related Links

Since 1997 the Journal is published only as Online Version

2015 Impact Factor 1.146

Qualis 2014 - Medicine B2; Biological Sciences B4

Average time for submission until publication online on SciELO: 6 months

Scope and policy
The purpose of the Brazilian Journal of Medical and Biological Researchis to publish the
results of original experimental research that contribute significantly to knowledge in medical
and biological sciences. Major criteria for acceptance are scientific quality, originality, and
conciseness. Preference will be given to manuscripts that develop new concepts or
experimental approaches and are not merely repositories of data. Papers that report negative
results require special justification for publication. Methodological papers shall be considered
for publication provided they describe new principles or a significant improvement of an existing

method.

The following papers will not be accepted for publication

Studies on people not approved by an accredited Ethics Committee or without written
informed consent from the subject or legal guardian.

Studies on animals not approved by an accredited Ethics and Animal Care Committee.
Manuscripts that report preliminary results or only confirm previously reported results.
Manuscripts that describe the pharmacokinetics, bioavailability and toxicity of drugs in
people or animals.

Manuscripts that deal with transcultural adaptation and validation of instruments of
measurements.

Manuscripts that translate a text published in another language and validate it on local
patients.

Manuscripts that use questionnaires translated from the language of another country
and their validation in local patients.

Manuscripts that present only in silico analysis.

Manuscripts from the area of veterinary medicine.

The Journal does not publish toxicological studies.

Publication charges

The authors are responsible for "publication charges" of all accepted papers. Publication
charges will be billed to the Corresponding Author when the paper is accepted.

The charge is R$3.300,00/paper for Brazilian authors and US$1.600,00/paper for
authors outside Brazil and is independent of the length of the paper.
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Preparation of Research Manuscripts

The Brazilian Journal of Medical and Biological Research publishes original research articles
of outstanding scientific significance. Manuscripts must be submitted in English. We will consider
manuscripts of any length; we encourage the submission of both substantial full-length bodies of
work and shorter manuscripts that report novel findings that might be based on a limited number
of experiments. The key criteria are that the research clearly demonstrates its novelty, its
importance to a particular field as well as its interest to those outside that discipline, and
conclusions that are justified by the data.

Authorship requirements

Only those persons who contributed directly to the intellectual content of the paper should be
listed as authors. Authors should meet all of the following criteria, thereby allowing persons
named as authors to take public responsibility for the content of the paper.

e Conceived, planned and carried out the experiments that led to the paper or interpreted
the data it presents, or both.

* Wrote the paper, or reviewed successive versions.

e Approved the final version.

Holding positions of administrative leadership, contributing patients, and collecting and
assembling data, however important to the research, are not by themselves criteria for
authorship. Other persons who have made substantial, direct contributions to the work
but cannot be considered authors should be cited in the Acknowledgment section, with
their permission, and a description of their specific contributions to the research should
be given.

Cover Letter

It is important that you include a cover letter with your manuscript. Take the time to consider why

this manuscript is suitable for publication in the Brazilian Journal of Medical and Biological

Research. Why will your paper inspire the other members of your field, and how will it drive

research forward? Please explain this in your cover letter.

The cover letter should also contain the following information:

o Title of article.

o Name(s) of all author(s).

 Name, complete mailing address, including zip code, telephone number, fax number and
e-mail of author to whom correspondence should be sent.

o |f a version of the manuscript has been previously submitted for publication to another
journal, include comments from the peer reviewers and indicate how the authors have
responded to these comments.

e Papers in the area of Clinical Investigation should include a statement indicating that the
protocol has been approved by the Hospital Ethics Committee (Hospital with which at
least one of the authors is associated) and that written informed consent was obtained
from all participants. This information must also be cited in the Material and Methods
section of the manuscript.

Text format

e The text of a manuscript can only be accepted as a Microsoft Word file created with MS
Word as a "doc", "docx" or "rtf" document.

e Each page should contain the page number in the upper right-hand corner starting with
the title page as page 1.

e Report all measurements in Systéme International, SI (http://physics.nist.gov/cuu/Units)
and standard units where applicable (see below).

e Do not use abbreviations in the title and limit their use in the abstract and text.

e The length of the manuscript and the number of tables and figures must be kept to a
minimum.

o Ensure that all references are cited in the text.

e Generic names must be used for all drugs. Instruments may be referred to by proprietary
name; the name and country or electronic address of the manufacturer should be given
in parentheses in the text.

Guidance on grammar, punctuation, and scientific writing can be found in the following
sources:

e Scientific Style and Format: The CSE Manual for Authors, Editors, and Publishers. 8th
edn. Rockefeller University Press, Reston,
2006. http://www.scientificstyleandformat.org/Home.html
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o Medical Style and Format. Huth EJ (Editor). ISI Press, Philadelphia, 1987, Marketed by
Williams & Wilkins, Baltimore, MD.

o Writing scientific articles like a native English speaker: top ten tips for Portuguese
speakers.  Clinics (Sao  Paulo). Mar 2014; 69(3): 153-157.  doi:
10.6061/clinics/2014(03)01. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3935133/

The Brazilian Journal of Medical and Biological Research follows the reference format of the
Uniform Requirements for Manuscripts Submitted to Biomedical Journals, which can be found on
the website of the National Library of Medicine (http://www.icmje.org/).

The writing style should be concise and accessible. Editors will make suggestions for how to
achieve this, as well as suggestions for cuts or additions that could be made to the article to
strengthen the argument. Our aim is to make the editorial process rigorous and consistent, but
not intrusive or overbearing. Authors are encouraged to use their own voice and to decide how
best to present their ideas, results, and conclusions.

Although we encourage submissions from around the globe, we require that manuscripts be
submitted in American English. As a step towards overcoming language barriers, we encourage
authors to seek the assistance of professional services available on the homepage of the
journal/Service and Information.

Footnotes

Text footnotes, if unavoidable, should be numbered consecutively in superscript in the
manuscript and written on a separate page following the abstract.

Abbreviations

Abbreviations should be kept to a minimum. Define all abbreviations upon first use in the abstract
and the text. Non-standard abbreviations should not be used unless they appear at least three
times in the text.

o Explain all abbreviations in the abstract, text, figure and table legends when they first
appear. Keep the number of abbreviations to a minimum.

¢ Do not explain abbreviations for units of measurement [3 mL, not 3 milliliters (mL)] or
standard scientific symbols [Na, not sodium (Na)].

e Abbreviate long names of chemical substances and terms for therapeutic combinations.
Abbreviate names of tests and procedures that are better known by their abbreviations
than by the full name (VDRL test, SMA-12).

e Use abbreviations in figures and tables to save space, but they must be defined in the
legend.

Nomenclature

The use of standardized nomenclature in all fields of science and medicine is an essential step
toward the integration and linking of scientific information reported in published literature. We will
enforce the use of correct and established nomenclature wherever possible: We strongly
encourage the use of Sl units.

¢ sfor second

min for minute
h for hour
L for liter
m for meter
kDa for mass in kilodaltons
e 5mM rather than ° x 10-3 M or 0.005 M
Species names (e.g., Homo sapiens), genes, mutations, genotypes, and alleles should be
italicized. Use the recommended name by consulting the appropriate genetic nomenclature
database, e.g., HUGO for human genes. It is sometimes advisable to indicate the synonyms for
the gene the first time it appears in the text.
The Recommended International Non-Proprietary Name (rINN) of drugs should be provided.

Manuscript categories

Authors should state in the cover letter that the manuscript is intended to be a Full-length
Paper, Short Communication, Review Article, Overview, Concepts and Comments, or Case
Report.

Full-length paper

Each manuscript should clearly state its objective or hypothesis; the experimental design and
methods used (including the study setting and time period, patients or participants with
inclusion and exclusion criteria, or data sources and how these were selected for the study);
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the essential features of any interventions; the main outcome measures; the main results of
the study; and a discussion placing the results in the context of published literature.
The manuscript should contain:
e abstract of no more than 250 words
e no more than 6 key words
e arunning title to be used as a page heading, which should not exceed 60 letters and
spaces
o the text should be divided into separate sections (Introduction, Material and Methods,
Results, Discussion), without a separate section for conclusions
¢ no more than 40 references (without exceptions)
Short communication
A short communication isa report on a single subject, which should be concise but
definitive. The scope of this section is intended to be wide and to encompass methodology
and experimental data on subjects of interest to the readers of the Journal.
The manuscript should contain:
e abstract of no more than 250 words
e no more than 6 key words
e arunning title to be used as a page heading, which should not exceed 60 letters and
spaces
o the text should be divided into separate sections (Introduction, Material and Methods,
Results, Discussion), without a separate section for conclusions
¢ no more than 20 references (without exceptions)
¢ no more than three illustrations (figures and/or tables)
Review article
A review article should provide a synthetic and critical analysis of a relevant area and should
not be merely a chronological description of the literature. A review article by investigators
who have made substantial contributions to a specific area in medical and biological sciences
will be published by invitation of the Editors. However, an outline of a review article may be
submitted to the Editors without prior consultation. If it is judged appropriate for the Journal,
the author(s) will be invited to prepare the article for peer review. A minireview is focused on a
restricted part of a subject normally covered in a review article.
The manuscript should contain:
e abstract of no more than 250 words
e no more than 6 key words
e arunning title to be used as a page heading, which should not exceed 60 letters and
spaces
¢ the text should be divided into sections with appropriate titles and subtitles
¢ no more than 90 references (without exceptions)
Overview
An overview does not contain unpublished data. It presents the point of view of the author(s)
in a less rigorous form than in a regular review or minireview and is of interest to the general
reader.
The manuscript should contain:
e abstract of no more than 250 words
e no more than 6 key words
e arunning title to be used as a page heading, which should not exceed 60 letters and
spaces
¢ the text may be divided into sections with appropriate titles and subtitles
¢ no more than 90 references (without exceptions)
Concepts and Comments
The Concepts and Comments section provides a platform for readers to present ideas,
theories and views.
The manuscript should contain:
e abstract of no more than 250 words
e no more than 6 key words
e arunning title to be used as a page heading, which should not exceed 60 letters and
spaces
¢ the text may be divided into sections with appropriate titles and subtitles
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e no more than 40 references (without exceptions)
Case report
A case report should have at least one of the following characteristics to be published in the
Journal:
e special interest to the clinical research community
e a rare case that is particularly useful to demonstrate a mechanism or a difficulty in
diagnosis
e new diagnostic method
¢ new or modified treatment
e a text that demonstrates relevant findings and is well documented and without
ambiguity
The manuscript should contain:
abstract of no more than 250 words
no more than 6 key words
e arunning title to be used as a page heading, which should not exceed 60 letters and
spaces
¢ the text may be divided into sections with appropriate titles and subtitles
¢ no more than 20 references (without exceptions)
¢ no more than three illustrations (figures and/or tables)

Organization of the Manuscript

Most articles published in the Brazilian Journal of Medical and Biological Research will be
organized into the following sections:

Title, Authors, Affiliations, Abstract, Key words, Running Title, Author for Correspondence and
email address

Introduction

Material and Methods

Results

Discussion

Acknowledgments

References

Tables with a short descriptive title and footnote legends

Figures with a short descriptive title, descriptive legends and uniformity in format

Continuous page numbers are required for all pages including figures. There are no specific
length restrictions for the overall manuscript or individual sections. However, we urge authors to
present and discuss their findings concisely. We recognize that some articles will not be best
presented in our research article format. If you have a manuscript that would benefit from a
different format, please contact the editors to discuss this further.

Title Page

Title - The title should be as short and informative as possible, should not contain non-standard
acronyms or abbreviations, and should not exceed two printed lines.

Example: Single-step purification of crotapotin and crotactine from Crotalus durissus
terrificus venom using preparative isoelectric focusing

Authors and Affiliations

Initials and last name(s) of author(s) (matched with superscript numbers identifying institutions).
Institution(s) (Department, Faculty, University, City, State, Country) of each author (in
Portuguese if authors are from Brazil).

Example:

AS Aguiar', A.R. Melgarejo', C.R. Alves’ and S. Giovanni-De-Simone>*

DlVlsao de Animais Peconhentos, Instituto Vital Brazil, Niteroi, RJ, Brasil

?Laboratorio de Microsequenciamento de Proteinas, Departamento de Bioquimica e
Blologla Molecular, Instituto Oswaldo Cruz, FIOCRUZ, Rio de Janeiro, RJ, Brasil
*Departamento de Biologia Celular e Molecular, Universidade Federal Fluminense, Niteroi,
RJ, Brasil

Abstract

Since abstracts are published separately by Information Services, they should contain sufficient
hard data, to be appreciated by the reader. The Brazilian Journal publishes unstructured
abstracts in a single paragraph. The abstract should not exceed 250 words.

The abstract should briefly and clearly present the objective, experimental approach, new results
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as quantitative data if possible, and conclusions. It should mention the techniques used without
going into methodological detail and mention the most important results.

Abbreviations should be kept to a minimum and should be defined in both the Abstract and text.
Please do not include any reference citations in the abstract. If the use of a reference is
unavoidable, the full citation should be given within the abstract.

Please see <http://www.bjournal.com.br/writing_a_good_abstract.html> for suggestions on
writing a good abstract

Key Words

A list of key words or indexing terms (no more than 6) should be included. A capital letter should
be used for the first letter of each key word, separated by a semicolon. The Journal recommends
the use of medical subject headings of Index Medicus for key words to avoid the use of several
synonyms as entry terms in the index for different papers on the same subject. Remember, key
words are used by the Scielo Database (see http://www.scielo.br/bjmbr;articles search/subject)
to index published articles.

Running title

This short title, to be used as a page heading, should not exceed 60 letters and spaces.
Corresponding author

One of the authors should be designated as the corresponding author. It is the corresponding
authors responsibility to ensure that the author list is accurate and complete. If the article has
been submitted on behalf of a consortium, all consortium members and affiliations should be
listed in the Acknowledgments section. Provide the name and email address of the author to
whom correspondence should be sent.

Introduction

The Introduction should put the focus of the manuscript into a broader context. As you compose
the Introduction, think of readers who are not experts in this field. This should state the purpose
of the investigation and justification for undertaking the research and relationship to other work in
the field. An extensive listing or review of the literature should not be used. If there are relevant
controversies or disagreements in the field, they should be mentioned so that a non-expert
reader can delve into these issues further. The Introduction should conclude with a brief
statement of the overall aim of the experiments and a comment about what was achieved.
Material and Methods

Sufficient information should be provided in the text or by referring to papers in generally
available journals to permit the work to be repeated.
This section should provide enough detail for reproduction of the findings. Protocols for new
methods should be included, but well-established protocols may simply be referenced. We
encourage authors to submit, as separate files, detailed protocols for newer or less well-
established methods. These will be linked to the article and will be fully accessable.

Results

The results should be presented clearly and concisely. Tables and figures should be used only
when necessary for effective comprehension of the data. The Results section should provide
results of all of the experiments that are required to support the conclusions of the paper. There
is no specific word limit for this section, but a description of experiments that are peripheral to the
main message of the article and that detract from the focus of the article should not be included.
The section may be divided into subsections, each with a concise subheading. Large datasets,
including raw data, should be submitted as supplementary files; these are published online linked
to the article. The Results section should be written in past tense. In some situations, it may be
desirable to combine Results and Discussion into a single section.

Discussion

The purpose of the Discussion is to identify new and relevant results and relate them to existing
knowledge. Information given elsewhere in the text, especially in Results, may be cited but all of
the results should not be repeated in detail in the Discussion. The Discussion should spell out
the major conclusions and interpretations of the work including some explanation of the
significance of these conclusions. How do the conclusions affect the existing assumptions and
models in the field? How can future research build on these observations? What are the key
experiments that must be done? The Discussion should be concise and tightly argued. If
warranted, the Results and Discussion may be combined into one section.

Acknowledgments

When appropriate, briefly acknowledge technical assistance, advice and contributions from
colleagues. People who contributed to the work, but do not fit the criteria for authors should be
listed in the Acknowledgments section, along with their contributions. Donations of animals, cells,
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or reagents should also be acknowledged You must also ensure that anyone named in the
Acknowledgments agrees to being so named. Financial support for the research and fellowships
should be acknowledged in this section (agency and grant number).

Figures

Figures must be submitted in high-resolution version (600 dpi).

Please ensure that the files conform to our Guidelines for Figure Preparation when preparing
your figures for production and/or "Image Quality Specifications". The link contains important
information about image quality from PubMed Central where the Brazilian Journal of Medical and
Biological Research is indexed.

The Brazilian Journal of Medical and Biological Research requires the same quality as PubMed
Central. Please follow these instructions when you submit figures to the Brazilian Journal.
Preparing figure files for submission

The Brazilian Journal of Medical and Biological Research encourages authors to use figures
where this will increase the clarity of an article. The use of color figures in articles is free of
charge. The following guidelines must be observed when preparing figures. Failure to do so is
likely to delay acceptance and publication of the article.

o Each figure of a manuscript should be submitted as a single file.

e Figures should be numbered in the order they are first mentioned in the text, and
uploaded in this order.

e Figure titles and legends should be provided in the main manuscript, not in the graphic
file.

e The aim of the figure legend should be to describe the key messages of the figure, but
the figure should also be discussed in the text.

¢ An enlarged version of the figure and its full legend will often be viewed in a separate
window online, and it should be possible for a reader to understand the figure without
moving back and forth between this window and the relevant parts of the text.

e Each legend should have a concise title of no more than 15 words. The legend itself
should be succinct, while still explaining all symbols and abbreviations. Avoid lengthy
descriptions of methods. Statistical information should be given as well as the statistical
tests used.

o Arrows or letters should be used in the figure and explained in the legend to identify
important structures.

o Figures with multiple panels should use capital letters A, B, C, etc. to identify the panels.

e FEach figure should be closely cropped to minimize the amount of white space
surrounding the illustration. Cropping figures improves accuracy when placing the figure
in combination with other elements, when the accepted manuscript is prepared for
publication.

¢ Individual figure files should not exceed 5 MB. If a suitable format is chosen, this file size
is adequate for extremely high quality figures.

Please note that it is the responsibility of the author(s) to obtain permission from the copyright
holder to reproduce figures (or tables) that have previously been published elsewhere. In order
for all figures to be open-access, authors must have permission from the rights holder if they
wish to include images that have been published elsewhere in non-open-access journals.
Permission should be indicated in the figure legend, and the original source included in the
reference list.

Supported file type

The following file format can be accepted: TIFF (suitable for images) with 600 dpi.

Micrographs should be treated like photographs with the following additional guidelines

[0 Electron micrographs must contain a magnification bar with its equivalence in micrometers.
This information can be found on all micrographs together with the magnification size.

[J Details of any stains used and the method of preparation the sample should be given in the
figure legend or in the Material and Methods section.

[0 Detailed information about the microscope used should be included in the Material and
Methods section.

[0 The type of camera, photographic software and details of any subsequent image manipulation
should be included in the Material and Methods section.

Tables

[0 Tables must be submitted in Word (.doc) or Excel (.xls), not as an image.

[0 Tables must be numbered consecutively with Arabic numerals in the text.
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[0 Tables must have a concise and descriptive title.

00 All explanatory information should be given in a footnote below the table. Footnotes should be
used to explain abbreviations and provide statistical information, including statistical tests used.

[0 All abbreviations must be defined in this footnote, even if they are explained in the text.

[0 Tables must be understandable without referring to the text.

[0 Tables occupying more than one printed page should be avoided, if possible.

[J Vertical and diagonal lines should not be used in tables; instead, indentation and vertical or
horizontal space should be used to group data.

[0 Tables in Excel must be cell-based; do not use picture elements, text boxes, tabs, or returns in
tables.

References

Only published or accepted manuscripts should be included in the reference list. Meeting
abstracts, conference talks, or papers that have been submitted but not yet accepted should not
be cited. Limited citation of unpublished work should be included in the body of the text only. All
personal communications should be supported by a letter from the relevant authors. Authors are
responsible for the accuracy and completeness of their references and for correct text citation.
When possible, references which are easily available in English should be cited.

The BJMBR uses the numbered citation (citation-sequence) method. References are listed and
numbered in the order that they appear in the text. In the text, citations should be indicated by
the reference number in parentheses. Multiple citations within a single set of parentheses should
be separated by commas without a space (1,5,7). Where there are 3 or more sequential
citations, they should be given as a range (4-9).

Because all references will be linked electronically (doi), if possible, to the papers they cite,
proper formatting of the references is crucial. For all references, list the first 6 authors followed
by et al., Title of article, Journal (abbreviation), Year, Volume, Complete Pages, The Brazilian
Journal of Medical and Biological Research follows the reference format of the Uniform
Requirements for Manuscripts Submitted to Biomedical Journals, which can be found on the
website of the National Library of Medicine
(http://www.nIm.nih.gov/bsd/uniform_requirements.html). Use the Medline journal abbreviations
and follow the reference style shown on the Website noted above, with several exceptions. See
below for details. If the author uses the program "Reference Manager", copy the file containing
the style of the Brazilian Journal of Medical and Biological Research and place it in the folder of
"Styles". When submiting the manuscript, send the file produced in Reference Manager (".rmd"
and ".rmx" ) as an attachment.

Please use the following style for the reference list:

Published Papers. First 6 authors followed by et al., Title, Journal (abbreviation in italics), Year,
Volume, Complete Pages. Lammers AE, Hislop AA, Flynn Y, Haworth SG. The 6-minute walk
test: normal values for children of 4-11 years of age. Arch Dis Child 2008; 93: 464-468. Zhang Q,
Malik P, Pandey D, Gupta S, Jagnandan D, Belin de CE, et al. Paradoxical activation of
endothelial nitric oxide synthase by NADPH oxidase. Arterioscler Thromb Vasc Biol 2008; 28:
1627-1633.

Article accepted for publication but not yet published. First 6 authors followed by et al., Title,
Journal (abbreviation), Year of expected publication, (in press) at the end of the citation.
Janiszewski M, Lopes LR, Carmo AO, Pedro MA, Brandes RP, Santos CXC, et al. Regulation of
NAD(P)H oxidase by associated protein disulfide isomerase in vascular smooth muscle cells. J
Biol Chem 2005 (in press).

Internet Communication. Ensure that URLs are active and available. Provide DOI, if available.
Developmental toxicology. http://www.devtox.org/nomenclature/organ.php. Accessed April 10,
2015.

CAPES Statistics. http://www.capes.gov.br/capes/portal. Accessed March 16, 2006.

CNPq Plataforma Lattes, "Investimentos do CNPgq em

CT&lI". http://fomentonacional.cnpg.br/dmfomento/home/index.jsp. Accessed March 16, 2006.
Audiovisual Material

Physician's Desk Reference (PDR). Release 2003.1AX. [CD-ROM]. Montvale: Thomson PDR,;
2003.

Computer Program

Dean AG, Dean JA, Coulombier D, Brendel KA, Smith DC, Burton AH, et al. Epi info, version
6.04: a word processing database and statistics program for public health on IBM-compatible
microcomputers. [Computer program]. Atlanta: Centers of Disease Control and Prevention; 1998.



109

Patent

Larsen CE, Trip R, Johnson CR. Methods for procedures related to the electrophysiology of the
heart. Patent No. 5.529.067. Novoste Corporation; 1995.

Book, Whole. Authors, Book title, Edition, City, Publisher, Year.

American College of Sports Medicine. Diretrizes do ACSM para os testes de esforgo e sua
prescricdo. Rio de Janeiro: Guanabara Koogan; 2007.

Book, Chapter. Authors, Chapter Title, Editors, Book title, Edition, City, Publisher, Year, Pages
of citation.

Kronfol A. Behavioral effects of cytokines: a psychiatrist's perspective. In: Plotnikoff NP, Faith
RE, Murgo AJ, Good RA (Editors), Cytokines, stress and immunity. London: CRC Press; 2007. p
1-16.

Kintzios SE. What do we know about cancer and its therapy? In: Kintzios SE, Barberaki MG
(Editors), Plants that fight cancer. New York: CRC Press; 2004. p 1-14.

Report

WHO (World Health Organization), IPCS (International Program in Chemical

Safety). Environmental health criteria: 118 Inorganic mercury. Geneva: World Health
Organization; 1991.

National Commission on Sleep Disorders Research. Wake up America: a national sleep

alert. Washington: Government Printing Office; 1993.

National Heart Lung and Blood Institute. Global Initiative for Asthma (GINA). Global strategy for
asthma management and prevention: NHLBI/WHQO Workshop Report. Bethesda:

National Institute of Health. National Heart, Lung and Blood Institute publication No. 02-3659;
2006.

Thesis

Joselevitch C. Visédo no ultravioleta em Carassius auratus (Ostariophysi, Cypriformes,
Cyprinidae): estudo eletrofisiolégico do sistema cone - células horizontais. [Master's thesis]. Sao
Paulo: Instituto de Psicologia, USP; 1999.

Conference, Symposium Proceedings. Cite papers only from published proceedings.

Hejzlar RM, Diogo PA. The use of water quality modelling for optimising operation of a drinking
water reservoir. Proceedings of the International Conference Fluid Mechanics and

Hydrology. 1999 Jun 23-26; Prague. Prague: Institute of Hydrodynamics AS CR; 1999. p 475-
482.

"Unpublished results”, "Personal communication™ and "Submitted papers". Reference
should appear in the text with the individual name(s) and initials and not in the reference list.
(Santos CS, da-Silva GB, Martins LT, unpublished results).

It is assumed that the author has obtained permission from the source when "personal
communication" is cited.

How to submit a manuscript to the BUMBR

Author Instructions

Please make sure you have read through these instructions carefully before beginning the
submission process.

Please go to www.bjournal.com.br at the right-hand corner of the home page and click on
SUBMIT A MANUSCRIPT and follow the directions. If you need further assistance, please
contact the Journal Staff directly (bjournal@terra.com.br). Manuscript preparation instructions
can be found at http://www.bjournal.com.br.

Submission Process

The seven steps of the submission process are: Type, Title & Abstract; Attributes; Authors &
Institutions; Recommended Reviewers; Details & Comments; File upload; Review & Submit.
The steps each contain sub-steps that can be accessed by clicking on their respective tabs.

Manuscript criteria and information

The Brazilian Journal of Medical and Biological Research is a peer-reviewed electronic journal
published monthly by the Associagao Brasileira de Divulgagao Cientifica (ABDC).

Submission of a manuscript to the Brazilian Journal implies that the data have not been
published previously and will not be submitted for publication elsewhere while the manuscript is
under review.

The following represent "prior publication": any printed material in excess of 500 words
describing results or methods of a submitted/in press manuscript; published tables or illustrations
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that duplicate the content of a manuscript; electronic manuscripts or posters available via the
Internet. When part of the material in a manuscript has been presented as a preliminary
communication or in an unrefereed symposium, this should be cited as a footnote on the title
page and a copy should accompany the submitted manuscript.

Copyright
The Brazilian Journal of Medical and Biological Research (BJMBR) applies the Creative
Commons Attribution License (CCAL) to all works published (read the human-readable
summary or the full license legal code). Under the CCAL, authors retain ownership of the
copyright for their article and can allow anyone to download, reuse, reprint, modify, distribute,
and/or copy articles published in the BUIMBR, as long as the original authors and source are
cited. No permission is required from the publishers.

Cell Biology

The main characteristic of research papers in the area of Cell Biology is the emphasis on the
integration at the cellular level of biochemical, molecular, genetic, physiological, and pathological
information. This section considers manuscripts dealing with either prokaryotic or eukaryotic
biological systems at any developmental stage. Papers on all aspects of cellular structure and
function are considered to be within the scope of Cell Biology by the BJMBR. The Editors
encourage submission of manuscripts defining cell biology as an area of convergence of several
other research fields, especially manuscripts providing insights into the cellular basis of
immunology, neurobiology, microbial pathology, developmental biology, and disease. Manuscripts
containing purely descriptive observations will not be published. Manuscripts reporting new
techniques will be published only when adequately validated and judged by the Editors to
represent a significant advance.

Biological activity of natural products

The Journal will consider papers for publication which describe the activity of substances of
biological origin only if they satisfy all of the following criteria:

e Papers should describe the separation of the crude material into fractions (not
necessarily into homogeneous materials) with the fractions containing biological activity
identified clearly in the separation scheme. Phytochemical studies should be
accompanied by biological tests. A survey of pharmacological activity of plant extracts or
teas will not be considered for publication.

¢ In addition to the demonstration of activity in one or more biological system, experiments
must be performed attempting to provide information concerning the mechanism(s) of
action of the substance(s) being tested.

e Sufficient experimental information must be provided to permit repetition of the
preparation of fractions and the bioassay used.

e Sources should be identified completely, and, if plant material, a specimen should be
classified by an expert and deposited in a local botanical garden, university or research
institute. The name and institution of the person who classified the plant and the number
of the voucher under which it was deposited should be provided in the Material and
Methods section.

¢ The Journal does not publish toxicological studies.

Editorial review and processing

The receipt of manuscripts is acknowledged immediately. Once a paper has been evaluated by
peer review, the authors will be notified of the editorial decision.

Papers accepted on scientific merit for publication sent to authors for scientific english correction
and galley proofs will be sent to authors for the correction of errors. Authors are responsible for
all statements made in their article, including changes made by the copy editor and authorized by
the corresponding author.

The dates of receipt and acceptance will be published for each article. Authors are expected to
return manuscripts to the Journal within 15 calendar days after they are sent to them for
modifications or for style and copy editing, and to return galley proofs within 72 hours. The total
number of "late" days will be added to the submission date at the time of publication.



111

Related Links

e Writing a Good Abstract (http://bjournal.com.br/writing_a_good_abstract.html)

¢ Uniform Requirements for Manuscripts Submitted to Biomedical Journals: Writing and
Editing for Biomedical Publication (http://www.icmje.org/index.html)

e The Systéme International (SI) (http://physics.nist.gov/cuu/Units) in metric units is used for
units and abbreviations of units.

e Instructions to Make Quality Images for Publications - http://cjs.cadmus.com/da/

e The Editorial Policies of the Brazilian Journal of Medical and Biological Research
(http://www.bjournal.com.br/policies.htm)

o Writing Papers for Scientific Journals (http://www.bjournal.com.br/lectures_english.html)

e How Editors Evaluate Scientific Papers for Publication
(http://bjournal.com.br/2006_como_editores_avaliam_english_aug_10.zip)

o Effect of SCIELO Open Access on Brazilian Scientific Journals
(http://bjournal.com.br/2006_OPEN_ACCESS_ENGLISH_LONG_aug_10.zip)

e Sense About Science (http://www.senseaboutscience.org.uk/index.php/site/project/30/)

e PLoS Biology Guidelines for Table and Figure Preparation
(http://'www.plosbiology.org/static/figureGuidelines)
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