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Resumo

A retinopatia diabética (RD) ¢ a mais freqliente complicagdo cronica do diabete
melito (DM). Existe uma variacdo consideravel na presenca e gravidade da RD que nao
¢ totalmente explicada pelos principais fatores de risco conhecidos, como o tempo de
duragdo de DM e controles glicémico e pressorico inadequados. O objetivo deste
manuscrito € revisar aspectos genéticos relacionados a RD. O papel dos fatores
genéticos na RD ¢ sugerido pela presenca de diferentes prevaléncias de RD em
diferentes etnias e pela ocorréncia de agregacao familiar de RD. A presenca de RD em
um familiar aumenta de forma significativa a chance de outro familiar também
apresentar esta complicagdo. Finalmente, a identificacdo de possiveis genes associados a
RD (genes candidatos), a maioria deles relacionados a sua patogénese, tem sido avaliada
através de estudos de polimorfismos genéticos. Os principais polimorfismos associados
ao risco para RD sdo os ligados aos genes da aldose redutase, VEGF, PPAR-gama e
ICAM-1. A identificagdo dos genes associados a RD devera proporcionar novas opgoes
para prevencao e tratamento desta complicagdo em pacientes portadores de DM.
Abstract

Diabetic retinopathy (DR) is the most frequent chronic complication of Diabetes
Mellitus (DM). There is a great variation in the presence and severity of DR in patients
with DM that is not fully explained by the main known risk factors, such as duration of
DM and poor glycemic and blood pressure control. The aim of this manuscript is to
review genetic aspects associated with DR. The role of genetic factors on DR is
suggested by different prevalences of DR in different ethnic groups, and also by the
occurrence of familial aggregation of this diabetic complication. The presence of DR in
one family member increases the chance of other family member also having DR.

Finally, several studies on genetic polymorphisms have been performed in order to
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identify genes possibly related with DR (candidate genes). These genes are mostly
connected to DR pathogenesis. The genetic polymorphisms of aldose reductase, VEGF,
PPAR-gama and ICAM-1 are associated to increased risk of DR. The identification of
the genes associated with DR will provide new prevention and treatment options of this

complication in DM patients.

Descritores: Retinopatia diabética; genética; polimorfismos genéticos.
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Introduciao

De acordo com dados recentes da Organizagdo Mundial de Saude,
aproximadamente 150 milhdes de pessoas sdo afetadas pelo Diabete Melito (DM),
numero este que pode duplicar até o ano 2025. Muito deste aumento ocorrerd nos paises
em desenvolvimento, especialmente devido ao crescimento populacional,
envelhecimento, dietas inadequadas, obesidade e sedentarismo, além da redugdo dos
valores de glicemia de jejum atualmente adotados para o diagnéstico do DM ?. Em
estudo brasileiro do inicio da década de 90, a prevaléncia geral de DM foi de 7,6% na
populacdo urbana com idade igual ou superior a 30 anos, sendo que metade dos casos
ndo se sabia portador de DM®. Dados mais recentes obtidos a partir de mais de 22
milhdes de brasileiros testados entre os anos de 2000 e 2001 revelaram que cerca de
16% dos individuos acima de 40 anos apresentavam testes glicémicos alterados,
alertando para a possivel duplicagdo da prevaléncia de DM no Brasil na ultima
década®.

A retinopatia diabética (RD) é a mais freqiiente entre as complica¢des cronicas
relacionadas a0 DM, sendo a mais grave dentre as alteracdes oculares relacionadas a
esta doenga®. A historia natural da RD é bem conhecida e demonstrada em diversos
estudos®. A RD ocorre em quase todos os pacientes com DM tipo 1 e em mais do que
60% dos pacientes com DM tipo 2!'?). Existem poucos dados sobre a prevaléncia de RD
no Brasil. A prevaléncia geral de RD em Ribeirdo Preto, Sdo Paulo, foi de 29%'" para
pacientes com DM tipo 2 e 29,9%""? para pacientes com DM tipo 1. J4 na regido sul do
Brasil, aproximadamente 48% dos pacientes com DM tipo 2 apresentaram RD!*'9

sendo que destes, cerca de 15% possuiam a forma proliferativa de RD" 19,
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O objetivo deste manuscrito € revisar aspectos genéticos da RD, desde a
presenca de agregacao familiar até a identificacdo de possiveis genes relacionados direta

ou indiretamente a esta complicagao.
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Patogénese da RD
A RD ocorre através de diferentes mecanismos que interagem entre si: fatores
genéticos, bioquimicos e fatores de risco ambientais, tais como dieta, sedentarismo e

fumo, entre outros! "1

. A hiperglicemia ¢ considerada um dos principais fatores
desencadeantes da RD, atuando através da modulacdo e alteracdo de fatores de
crescimento € no metabolismo e sinalizacdo (comunicagdo) entre as células retinianas.
Esta alteracdo da sinalizagdo metabodlica entre os neurdnios rompe a homeostase celular
retiniana!'®. A identificacio destes aspectos relacionados a patogénese da RD permite
um melhor entendimento da sele¢do de possiveis genes relacionados a presenga de RD
(genes candidatos), como sera discutido posteriormente neste manuscrito.

Vérios mecanismos bioquimicos tém sido propostos para relacionar a
hiperglicemia cronica as complica¢cdes microvasculares na RD, entre eles o acaimulo de
poliol, formagdo de produtos da glicagdo avancada, estresse oxidativo, ativacdo da
proteinoquinase C ¢ aumento da via da hexosamina*>'"182021),

Na via do poliol, a hiperglicemia intracelular modifica a atividade da enzima
aldose redutase, desviando sua atividade para a transformacdo de glicose em sorbitol,
cujo aumento intracelular pode causar dano osmético as células vasculares”. Esta
ativacdo da via dos polidis leva também a uma maior suscetibilidade celular ao estresse

a7

oxidativo' ’. Quando o sorbitol produzido ¢é convertido em frutose, o fosfato

dinucleotideo de nicotinamida-adenina (NADPH) ¢ consumido, e conseqiientemente sua

concentragdo ¢ reduzida. O NADPH ¢ um co-fator importante na regeneragao de anti-

oxidantes intracelulares, como por exemplo, a glutationa)(lg) .

. , . . - 22
O dano endotelial secundario ao estresse oxidativo®?

ocorre também em fung¢ao
do acumulo de produtos da glicagdo avancada dentro das células endoteliais retinianas.

Estes produtos se ligam a receptores especificos como o RAGE (“Receptor of Advanced
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Glycation End Products”)"™®. Como resultado, ocorre liberacdo de radicais livres e
disfun¢do vascular que podem danificar as células retinianas através da modificagdo de
proteinas celulares (incluindo proteinas envolvidas na regulacdo de transcrigao
genética). Além disto, ocorre difusdo dos precursores e dos produtos da glicagao
avangada para fora da célula, com posterior modificacio da matriz extracelular
adjacente (alterando as sinalizagcdes e causando espessamento da membrana basal
endotelial e oclusdes capilares) e de proteinas circulantes no sangue, como, por
exemplo, a albumina. A conseqiiente producdo de citoquinas inflamatorias
(interleucina-1, fator de necrose tumoral-f e fator de crescimento da insulina-1A)
também pode gerar danos vasculares'” '® ??. Qutra substancia que tem sua producio
aumentada ¢ a endotelina-1, que promove a vasoconstriccdo da microvasculatura,
contribuindo desta forma para a oclusdo capilar caracteristica da RD*?.

A hiperglicemia intracelular aumenta a sintese de diacilglicerol, que por ser um
co-fator da proteinoquinase C (PKC) causa um aumento da atividade desta proteina
(PKC ativada). Normalmente, a PKC e suas isoformas representam alvos para segundos
mensageiros lipidicos e atuam de vérias maneiras sobre a expressdo génica intracelular.
A PKC participa da regulacdo dos seguintes processos celulares: contratitilidade e
permeabilidade vasculares, angiogénese, crescimento celular, sinalizagdo para a matriz
extracelular, a¢io de citoquinas e adesdo leucocitaria®’. A PKC ativada"®** gera um
desequilibrio nestes processos, ocasionando vasoconstriccao (aumento de endotelina-1 e
reducdo de oOxido nitrico), aumento da permeabilidade vascular via o “Vascular
Endothelial Growth Factor”(VEGF), aumento do estresse oxidativo celular, oclusdo
vascular através do fator de crescimento transformador-f3 (TGF-B) e fator inibidor da

ativacdo do plasminogénio-1 (PAI-1)"®.
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O aumento da via das hexosaminas representa também um mecanismo
bioquimico pelo qual a hiperglicemia estd relacionada a patogénese da RD. As
hexosaminas sdo produtos da degradagdo da glicose, sendo a glucosamina um dos
subtipos de hexosaminas. A hiperglicemia intracelular promove a metabolizagdo da
glicose via glicdlise, através da glutamina:frutose-6-fostato amidotransferase (GFAT),
gerando glucosamina dentro da célula. A glucosamina acumulada altera a transcri¢@o
genética protéica, aumentando a expressao de PAI-1 e TGF-f, dentre outras substancias,
levando a dano oclusivo vascular e isquemia retiniana''®.

Curso clinico, classificacao e fatores associados a RD

A RD afeta todas as células retinianas de forma progressiva e gradual,
especialmente sua microvasculatura, levando a dareas de isquemia, aumento da
permeabilidade vascular e conseqiiente proliferacio de vasos retinianos®*?®. As
complicacdes associadas a vasopermeabilidade aumentada e a neovascularizagdo podem
resultar em perda visual grave e permanente®”.

De acordo com achados a fundoscopia, a RD pode ser classificada de uma forma
pratica e simplificada para uso clinico®. Esta categorizagdo baseia-se em estudos
classicos onde a RD foi avaliada através de fotografias em campos padronizados®-*? e
classifica a RD em: 1- RD ausente; 2- RD nao proliferativa leve; 3-RD nao proliferativa
moderada; 4- RD nao proliferativa grave e 5- RD proliferativa (Quadro 1). O edema
macular, caracterizado por espessamento retiniano a partir de vazamentos anormais da
microvasculatura retiniana, pode ocorrer em qualquer estagio de RD®. A gestagdo, a
puberdade, o mau controle glicémico, valores elevados de pressdo arterial e a cirurgia
intraocular, entre outros fatores, podem acelerar os estagios evolutivos da RD!% 193D,

Estudos clinicos tém demonstrado variagdo consideravel no inicio e severidade

da RD, a qual ndo ¢ totalmente explicada pelos principais fatores de risco conhecidos,
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. A e 31,32
como o tempo de duracio de DM e controles glicémico e pressorico inadequados®'*?.

De fato, apesar de intervengdes especificas em relagdo a estes fatores reduzirem a

incidéncia e progressdo de RD® ¥ 39

, esta complicacdao ainda ocorre em uma parcela
significativa de pacientes. Estas observacdes sugerem que fatores genéticos estejam
relacionados ao aparecimento e¢ desenvolvimento da RD®”. Outros aspectos que
também sugerem a presenca de um componente genético associado a RD sdo as
variadas prevaléncias de RD em diferentes etnias®® *”, bem como presenga mais
freqiiente de RD em determinadas familias"'> ¥ %3,
Fatores genéticos e RD

Alteragdes em determinado gene podem levar tanto a um aumento (fator de
risco) quanto a uma reducdo (fator de prote¢do) na chance de o individuo apresentar
uma doenga ou determinado fenotipo. A avaliagdo de fatores genéticos relacionados ao
DM e as suas complicagdes cronicas ¢ uma tarefa complexa, uma vez que o DM ¢ uma
doenca multifatorial ¢ geneticamente heterogénea”.

Estudos de familias

A concordancia para a presenca de RD ocorreu em 35 de 37 gémeos idénticos
com DM tipo 2, e em 21 de 31 gémeos com DM tipo 1, sugerindo um efeito genético
mais intenso para RD nos pacientes com DM tipo 2*".

Ainda existem poucos estudos avaliando a presenca de agregagdo familiar da RD
em familias (Quadro 2). Em um unico estudo, realizado na regido sul da India, a
prevaléncia de qualquer grau de RD foi maior entre os irmdos de pacientes com RD do
que entre irmdos de pacientes sem RD®®. Nao houve agregacdo familiar para RD
proliferativa, possivelmente devido ao pequeno numero de pacientes presentes nesta

categoria. Na amostra avaliada nos demais estudos, a agregacdo familiar ocorreu

principalmente para formas graves de RD. Em familias provenientes do Texas com
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descendéncia mexicana®”

e em familias de pacientes pertencentes ao “Diabetes Control
and Complications Trial” (DCCT)®?, o risco de desenvolver graus avancados de RD foi
maior para pacientes cujas familias apresentavam RD grave ou proliferativa do que para
pacientes cujos familiares diabéticos apresentavam RD leve ou moderada. Nestes
estudos, ndo foi observada agregacao para a simples presenca de qualquer grau de RD.
No Brasil, a ocorréncia de agregacdo familiar de RD foi recentemente confirmada em
um estudo pioneiro realizado no Rio Grande do Sul'”. Foi demonstrado que a presenga
de RD proliferativa em um irmao também portador de DM aumentou cerca de 16 vezes
a chance do paciente com DM tipo 2 apresentar RD proliferativa, mesmo ap6s ajustes
para dura¢ao do DM, valores de teste A1C, presenga de hipertensdo arterial sistémica e
de nefropatia diabética. Embora neste mesmo estudo tenha sido também demonstrado
haver agregacao familiar para qualquer grau de RD, a mesma desapareceu quando os
casos com RD proliferativa foram excluidos da analise. Isto sugere que os fatores
genéticos estejam mais relacionados com a gravidade de RD do que apenas com sua
presenga.

Estudos do sistema de Antigeno Leucocitario Humano (HLA)

O complexo principal de histocompatibilidade (MHC - “Major
Histocompatibility Complex”) realiza a codificagdo das moléculas responsaveis pela
apresentacdo de antigenos ao sistema imune. Em seres humanos, o MHC ¢ denominado
sistema HLA (“Human Leukocyte Antigens”). Os genes do sistema HLA t€ém sido
didaticamente agrupados em trés classes: I, II e III, sendo as duas primeiras referentes
aos genes envolvidos com a resposta imune. A regido de classe I é composta pelos loci
HLA-A, -B e -C, e a regido de classe II ¢ composta pelos loci HLA-DR, -DQ e —DP. Os
genes da classe III ndo expressam moléculas de histocompatibilidade, mas participam

da resposta imune codificando componentes do sistema complemento. Devido ao seu
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grande polimorfismo, os genes do sistema HLA apresentam freqliéncias de alelos
variadas em diferentes populacdes** .

A possivel associagdo entre os genes do sistema HLA com a RD foi avaliada por
alguns autores***”. Um estudo com 103 adolescentes finlandeses com DM tipo 1
observou a presenca de HLA-DR1 em 31% dos pacientes portadores de RD incipiente e
em apenas 5% dos pacientes sem RD“Y. No Japdo, encontrou-se freqiiéncia
significativamente aumentada da presenca de HLA-B62, Cw4 ¢ DQ4 em pacientes com
DM tipo 1 portadores de RD proliferativa quando comparados aos pacientes sem RD.
Ja uma possivel associacdo de RD com a presenga do HLA-DR4 nao foi confirmada.
Em uma amostra de 428 participantes pacientes com DM tipo 1 do “Wisconsin
Epidemiologic Study of Diabetic Retinopathy” (WESDR), os pacientes portadores de
HLA-DR4 e negativos para a presenga de DR3 apresentaram cinco vezes mais RD
proliferativa do que os pacientes negativos para ambos os alelos“?). Entretanto, quando
a mesma amostra de pacientes foi acompanhada longitudinalmente, a incidéncia e
progressdo de RD néo foi associada com a presenga de HLA-DR3 ou DR4“”.

Identificagdo de genes relacionados a RD

Estudos de rastreamento de genoma (“genome-wide scan studies”) para
avaliacao de componente genético da RD em pacientes com DM tipo 2 sdo poucos até o
momento. Entretanto, recentemente, um estudo onde foi realizado pesquisa no genoma
para RD e nefropatia diabética em indios Pima indicou associacdo de regides dos
cromossomos 3 ¢ 9 para ambas complicagdes cronicas microvasculares, embora
nenhuma regidio genémica especifica tenha sido demarcada para a RD“®.
Outra forma utilizada para identificagdo de genes associados a uma doenga ¢ a

analise de polimorfismos genéticos. Os mesmos s3o definidos como a presenga em uma

determinada populagdo de dois ou mais alelos determinantes de um fenotipo, ocorrendo
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em uma freqiiéncia maior do que 1%, portanto ndo sdo considerados apenas
mutacdes™. Os polimorfismos genéticos podem ser investigados através do estudo de
genes candidatos, ou seja, genes cuja funcao ou localizagdo dentro do genoma sugiram
que 0os mesmos sejam responsaveis ou contribuintes de uma doenca ou fenotipo.
Ainda, estes genes podem nao ter qualquer relacdo direta ou indireta com a doenca que
estd sendo estudada e representar apenas um marcador da mesma devido a sua
proximidade com o gene verdadeiramente relacionado a doenca. Diferentes
polimorfismos em diversos genes ja foram associados & RD®> ** °%. As principais

variagOes genéticas serdo descritas a seguir e os estudos estdo resumidos no Quadro 3.

Gene da Aldose Redutase

O gene codificador da aldose redutase, a primeira e limitante enzima da via do
poliol no metabolismo da glicose, ¢ considerado um gene candidato para as
complicagdes microvasculares nos pacientes portadores de DM, incluindo a RD®'?.
Os dois polimorfismos mais freqiientemente estudados sdo o C-106T e o (CA)n. Na
maioria dos estudos foram demonstradas associagdes positivas com a RD para pacientes

com DM tipo 1 e DM tipo 2 em variadas etnias.

Gene do “Vascular endothelial growth factor” (VEGF)

O VEGF ¢ um dos principais mediadores da angiogénese, ¢ também possui forte
efeito no aumento da permeabilidade vascular'®, o que faz com que seu gene seja um
candidato relacionado a presenga de RD proliferativa e de edema macular diabético. De
fato, estudos com diversas etnias confirmaram a associag@o positiva de polimorfismos
(64-67)

do gene do VEGF com a presenca de RD proliferativa

Gene do Peroxisome proliferator-activated receptor-gamma (PPAR-gama)

O PPAR-gama ¢é um receptor nuclear que regula ou esta associado a

diferencia¢do adipocitaria, ao metabolismo lipidico, a sensibilidade insulinica ¢ a
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algumas situagdes clinicas possivelmente mediadas pelo VEGF, como por exemplo, a
RD. Esta substancia ¢ expressa por c€lulas do endotélio vascular, coroide e células

retinianas®®

. Outro mecanismo que pode explicar a influéncia do PPAR-gama na
patogénese da RD incipiente € a via 6xido nitrico (ON). Na microcirculagao retiniana,
ha uma liberagdo basal de ON que mantém o fluxo sangiiineo retiniano. A troglitazona ¢
um potente agonista do PPAR-gama. Um estudo que avaliou o efeito da troglitazona na
liberagdo de ON demonstrou que esta medicacgao foi capaz de normalizar a liberagdo de
ON inibida pela hiperglicemia®”.

Embora o polimorfismo Prol2Ala do PPAR-gamma2 tenha sido considerado um

70 este polimorfismo ndo apresentou

fator de protegdo para nefropatia diabética
qualquer associa¢do com RD7""?(Quadro 3). J4 o polimorfismo do gene co-ativador do

PPAR-gama (PPARGC]1) foi associado positivamente (fator de risco) com a RD?.

Gene do “Intercellular adhesion molecule-1"(ICAM-1)

A adesdo de leucocitos a vasculatura retiniana esta associada a patogénese da
RD, visto poder resultar em oclusdo capilar e conseqiientemente, isquemia. O VEGF
aumenta a expressao vascular retiniana de ICAM-1, promovendo leucostase retiniana
em olhos de pacientes diabéticos””.

No Japao, 181 pacientes com DM tipo 2 apresentaram freqiiéncia do gendtipo
K469K e do alelo K do ICAM-1 de forma significativamente mais elevada em pacientes
com RD do que em pacientes sem RD, conferindo um risco para RD de 3,5 vezes,
independentemente de outros fatores de risco para RD?. A associacdo positiva do
mesmo polimorfismo K469K com a RD foi confirmada em outro estudo com pacientes

chineses'™ .
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Gene do “Receptor of Advanced Glycation End Products” (RAGE)

Os produtos da glicagdo avancada se ligam a receptores especificos (RAGE),
induzindo estresse celular oxidativo e disfun¢do vascular, participando da patogénese da
RD"®. Em pacientes japoneses, ndo houve associa¢do de polimorfismos do RAGE
(G1704T e G82S) e RD ¢ um estudo com 200 pacientes indianos com DM tipo 2
mostrou que o polimorfismo Gly82Ser ¢ um fator de proteco para a presenca da RD7”.

Com relagdo aos polimorfismos -429T/C e -374T/A do RAGE, foi demonstrado
um aumento significativo do alelo C em individuos com RD, quando comparados aos
individuos sem RD®. Entretanto, tais resultados ndo foram confirmados outros
(79)

autores

Gene do “Glucose Transporter-1” (GLUT-1)

As alteragoes patoldgicas na microvasculatura retiniana caracteristica da RD sao
resultado de exposi¢ao cronica a hiperglicemia. O GLUT-1 media a entrada de glicose
nas células endoteliais retinianas e alteragdes na expressio do GLUT-1 na barreira
hematoretiniana interna podem ter um impacto direto no desenvolvimento subseqiiente

de RD"® *)Dois estudos, um com caucasianos portadores de DM tipo 2 do

(80) 1(81)

Mediterrdneo™ ' e outro com pacientes britdnicos com DM tipo , N30 encontraram
associagdo entre polimorfismos do GLUT-1 e RD.

Gene do “Plasma-cell membrane differentiation antigene-1" (PC-1/ENPP1)

(82,83)

Polimorfismos do gene do PC-1 foram associados a obesidade , resisténcia

(84-86) (87)

insulinica , nefropatia diabética e risco para DM tipo 2®¥. Um estudo
prospectivo de dez anos realizado com 30 pacientes com DM tipo 1 da regido sul do
Brasil encontrou um aumento no numero de casos novos de RD em pacientes com o
alelo Q do polimorfismo K121Q. Tal associacdo, entretanto, ndo se manteve apos a

inclusdo de outros fatores de risco para RD®. Um estudo transversal realizado com
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pacientes dinamarqueses também nao encontrou associagdo entre O MeEsmMo

polimorfismo e a RD®V.

Gene do “o2pintegrin”

As plaquetas estdo provavelmente envolvidas na patogénese da RD. Em
pacientes com DM, as plaquetas sdo hiperreativas a agentes agregadores tais como
colageno, trombina e difosfato de adenosina®”. Recentemente, variacdes genéticas no

gene do “a2fintegrin”, um receptor plaquetario para colageno, foram associadas com a

(C2))] (90)

DR. Estudos realizados no Japao~’ e na Eslovénia”’ encontraram um aumento
significativo no risco para RD relacionada ao polimorfismo Bg/Il, considerando-o um
fator de risco independente para RD em pacientes com DM tipo 2.

Gene da Enzima Conversora da Angiotensina (ECA)

A ECA catalisa a reagdo quimica que converte angiotensina I em angiotensina II,
e inativa a bradicinina, peptideos com papel chave na modulagdo do tonus vascular
retiniano. Os niveis plasmaticos da ECA estdo sob controle genético e até 50% deste
controle se deve a um polimorfismo de insercdo/delecdo (I/D) do gene da ECA®?. Na
sua maioria, os estudos t€ém mostrado auséncia de associagdo de polimorfismo deste
gene com RD®**'%Y(Quadro 3), com exce¢do de Matsumoto et al, que encontrou
associagdo positiva com a RD avancada®®.
Consideracoes finais

A RD ¢ a complicagdo cronica mais frequentemente observada em pacientes
com DM e ¢ responsavel por elevada morbidade nestes pacientes. As intervengdes
terapéuticas e de prevencao atualmente disponiveis ainda deixam a desejar. Nao existe
uma forma precisa de identificacdo do paciente em risco para o desenvolvimento ou

progressdao da RD e os tratamentos atualmente disponiveis ndo impedem a evolugdo da

mesma na totalidade dos pacientes. As evidéncias atuais obtidas através de estudos de
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familias sugerem fortemente que ocorra agregacao familiar de RD. Em relagdo ao
sistema HLA, para alguns alelos ja foi demonstrada associagdo com a RD, mas esta
associacao foi demonstrada apenas em grupos étnicos selecionados. Ja os resultados
obtidos a partir do estudo de genes candidatos, de uma maneira geral relacionados a
patogénese da RD, sdo estimulantes no sentido de que podem vir a representar uma
estratégia objetiva de identificacdo de pacientes em risco, bem como orientar pesquisas
sobre novas medidas terapéuticas para a RD. A associagdo positiva de polimorfismos do
gene da aldose redutase e do gene do VEGF com a RD foi observada na maioria das
populacdes estudadas. J4 o polimorfismo da RAGE parece, em algumas populagdes,
conferir protecdo em relagdo a RD.

O conhecimento dos fatores genéticos relacionados a RD pode tornar-se uma

importante alternativa para o manejo desta complicagao.
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Quadro 1. Classificacao Clinica da Retinopatia Diabética

Gravidade

Achados a oftalmoscopia

Auséncia de retinopatia diabética
aparente

Retinopatia diabética nao-proliferativa
leve

Retinopatia diabética nao-proliferativa
moderada

Retinopatia diabética nao-proliferativa
grave

Retinopatia diabética proliferativa

Sem anormalidades

Somente microaneurismas

Mais do que apenas microaneurismas mas menos
do que retinopatia diabética ndo-proliferativa
grave

- Qualquer um dos seguintes itens:

- Hemorragias intrarretinianas extensas
(>20) em cada um dos 4 quadrantes

- Dilatagdes venosas localizadas em 2 ou
mais quadrantes

- Anormalidades microvasculares
intrarretinianas proeminentes em 1 quadrante ou
mais
- Auséncia de retinopatia diabética proliferativa

Um ou mais dos seguintes itens:
- Neovascularizacao
- Hemorragia vitrea/pré-retiniana




Quadro 2. Estudos de agregagao familiar e retinopatia diabética

Autor Familias Individuos Tipo Populagao Agregacio para Agregacio para
(n) (n) DM avaliada qualquer grau de retinopatia
retinopatia diabética grave ou
diabética proliferativa
Rema et al. 322 677 2 Sul da India RC=3,4(1,6-7,3) Sem associagao
Hallman et al. 282 656 2 Texas, EUA — Sem associagdo RC 1,7(1,0-2,9)
descendéncia
mexicana
DCCT 217 458 le2 29 centros nos Sem associagao RC=3,1(1,2-7,8)
EUA
Gross et al. 127 279 2 Rio Grande do RC*=3,3(1,2-8,7) RC=15,9(2,8-90,1)
Sul, Brasil

DM = Diabete Meclito; RC = razdo de chances; IC = intervalo de confianga; EUA = Estados Unidos da
América.

* Ao se retirar os casos com retinopatia diabética proliferativa, a agregacdo familiar desaparece.



Quadro 3. Polimorfismos genéticos e retinopatia diabética
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Associacao
Gene Polimor- Populagao Tipo N com Autor
fismo DM retinopatia
diabética
Aldose redutase C(-106)T Chilenos 2 53=DM Positiva - Olmos et
(ALR2) 96=controles qualquer RD al.h
Brasileiros 2 424=DM brancos Positiva - RD Santos et
(sul do Brasil) 155=DM negros proliferativa al.®?
em brancos
Brasileiros 2 99=com RD Sem Santos et
(sul do Brasil) 111=sem RD associacdo al.®¥
(CA)n Tunisianos 2 47=com RD Sem Zghal-
28=sem RD associagdo Mokni et
al.®¥
Eslovénios 2 124=com RD Positiva - Petrovic et
81=sem RD qualquer RD al.®»
Indianos 2 105=com RD Positiva - RD | Kumarama-
109=sem RD proliferativa e nickavel et
edema
macular al.®
Japoneses 2 87=com DM Positiva - Ichikawa et
90=controles qualquer RD al.®?
Chineses 2 22=com RD néo Positiva - Ko et al.®®
proliferativa
significativa ou qualquer RD
RD proliferativa
22=sem RD
C(-106)T Finlandeses 2 85=com DM Sem Sivenius et
e 126=controles associagdo al.®”
(CA)n Britanicos 1 159=com RD Positiva - Demaine et
70=sem RD qualquer RD al.®»
Chineses 2 346=com RD Positiva - Wang et
392=sem RD qualquer RD al.®"
BamHI Australianos 1 164=com DM Positiva - Kao et
e (CA)n qualquer RD al.®?
“Vascular C(-7NT, Indianos 2 120=com RD Positiva - RD Sugantha-
. T(-498)C, proliferativa . . .
Endothelial o 90=sem RD proliferativa lakshmi et
Growth Factor” | C(-634)G al.
(VEGF) C-634G Japoneses 2 82=com RD Positiva - Awata et
proliferativa (47 qualquer RD al©®
com edema
macular) e edema
93=RDNP (16 com
macular
edema macular)
203=sem RD
Japoneses 2 150=com RD Positiva - Awata et
118=sem RD qualquer RD al.(%®
-460C Britanicos le2 | 69=com RD | Positiva - Ray et
. proliferativa (67)
caucasianos 198=demais RD qualquer RD al.
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Associacao
Gene Polimor- Populagao Tipo N com Autor
fismo DM retinopatia
diabética
“Peroxisome Prol2Ala Poloneses 2 216=com DM e | Sem Stefanski et
proliferator- obesos associagao al.’"
activated Eslovénios 2 160=com RD Sem Petrovic et
receptor- 101=sem RD associagdo al.™
gamma”
(PPAR-gamma)
PPAR-gamma Gly482Ser | Eslovénios 2 160=com RD Positiva - Petrovic et
coactivator-1 101=sem RD qualquer RD al.’?
Enzima I/D Brasileiros 1 30=DM Sem Azevedo et
conversora da (sul do Brasil) associagdo al.®”
angiotensina Britanicos le2 | 363=DM tipo 2 Sem Nagi et
(ECA) 186=DM tipo 1 associagio al.®?
98=controles
Chineses 2 72=DM sem RD Sem Liao et
associagdo al.®¥
Suecos 1 24=com RD Sem Agardh et
proliferativa - (94)
24=com RD leve associacdo al.
ou sem RD
Eslovénios 2 124=com RD Sem Globocnik-
80=sem RD associagdo Petrovic et
al.®”
Japoneses 2 60=RD avangada Positiva - para | Matsumoto
60=RD graus mais RD avangada et al.®®
leves
90=sem RD
100=controles
Chineses 2 68=com RD Sem Liao et
40=sem RD associagdo al.®”
36=controles
Metanalise le2 1008=com RD Sem Fujisawa et
1002=sem RD associacdo al.®®
Russos le2 | DM tipo 1: Sem Chistiakov
31=com RD associagio etal.®”
33=sem RD ¢ ’
DM tipo 2:
37=com RD
178=sem RD
Mediterraneos 2 68=com RD Sem Gutierrez et
caucasianos 92=sem RD associagdo al.(10
90=controles
Dinamarque- 1 155=RD Sem Tarnow et
ses proliferativa associagio al.1on
67=sem RD

DM-=Diabete Melito;RD=retinopatia diabética; RDNP=retinopatia diabética ndo proliferativa.
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Abstract

Objective: To ascertain the presence of familial clustering of diabetic retinopathy (DR)
in a sample of Brazilian patients with type 2 diabetes mellitus (DM).

Design: Familial aggregation study.

Participants: Families with two or more type 2 DM siblings were identified at an
outpatient clinic. The first sibling evaluated was considered a proband regardless of
diabetes duration.

Methods: DR was evaluated using fundus photography of seven standard fields, and
graded according to the International Clinical Diabetic Retinopathy Severity Scale: 1-
no retinopathy; 2- early non-proliferative DR; 3- moderate non-proliferative DR; 4-
severe non-proliferative DR or 5- proliferative DR. All patients underwent clinical and
laboratory evaluations.

Main outcome measures: Familial aggregation of proliferative DR or any degree of
DR.

Results: The overall prevalence of any degree of DR in 279 type 2 DM patients (127
families) was 44%, and of the proliferative stage 11.5%. After being divided into two
groups according to the presence of proliferative DR or its absence in the probands,
siblings did not differ regarding age, sex proportion, DM duration, blood pressure levels
and the main metabolic control indexes. On multiple logistic regression analysis, the
presence of proliferative DR in the proband was positively associated with the presence
of DR in the sibling (OR 15.92; 95% CI 2.80-90.11; P = 0.002) adjusted for duration of
diabetes, A1C test, systolic blood pressure and diabetic nephropathy. Familial
aggregation of DR was also demonstrated for any degree of DR (OR 3.26; 95% CI 1.22-
8.74; P = 0.019), but no familial clustering of DR was demonstrated when patients with

proliferative DR were excluded from this analysis.
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Conclusions: Familial aggregation of DR was confirmed in this sample of Brazilian
type 2 diabetic patients, and this association was due to the presence of proliferative
DR. These findings reinforce the presence of a genetic susceptibility to DR, especially

in advanced stages.

Keywords: familial aggregation, diabetic retinopathy, type 2 diabetes mellitus
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Diabetes Mellitus (DM) affects over 135 million people worldwide and
diabetic retinopathy (DR) is the most common chronic microvascular diabetic
complication'. DR is the main cause of legal blindness among working-age individuals
in the United States" * , and it is also becoming an important cause of vision loss in
developing countries’. An increasing frequency of proliferative DR was found at 15
years of diabetes duration in largely white patients given diagnosis of diabetes at age 30
years or older”.

The main known risk factors for DR are duration of DM*®, poor glycemic
control’'* and hypertension'>"”, besides other factors such as microalbuminuria'®'®.
Even though tight control of hyperglycemia'> or blood pressure levels'” can delay DR
development and progression, some patients still develop it. On the other hand, a
number of patients seem to be protected from this complication. In addition, recent
clinical studies have revealed substantial variation in the prevalence, onset and severity

5, 20

of DR in different racial/ethnic groups with diabetes™ . Furthermore, the presence of

familial aggregation of other microvascular chronic diabetic complications, such as

21-2 25-29

diabetic nephropathy 4 reinforces the possible role of genetic factors in DR
Studies to evaluate DR familial aggregation are scarce and evaluate only type
1 patients™ or type 2 diabetic patients in special ethnic groups®®” *’. Therefore, the aim

of this study was to analyze the presence of familial clustering of DR in a sample of

Brazilian type 2 DM patients.
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Patients and Methods
Patients

Information was collected from siblings using a family study approach. Patients
from the outpatient Endocrine Clinic of the Hospital de Clinicas de Porto Alegre were
enrolled from August 2004 to December 2005. Families with two or more siblings with
type 2 DM were identified (n = 156) among consecutively attending outpatients. Our
unit provides assistance to 11% of the type 2 diabetic patients covered by the Public
Heath Care System of our city *°. The study protocol was approved by the Ethics
Committee at Hospital de Clinicas de Porto Alegre. All patients gave their written
informed consent to participate.

Type 2 DM was defined as follows: age over 30 years at onset of DM, no
previous episode of ketoacidosis or documented ketonuria, and treatment with insulin
beginning only 5 years after diagnosis.

In each family, the first evaluated sibling with type 2 DM was considered the
proband (index patient) regardless of DM duration. Other individuals with type 2 DM
were designated siblings (nonprobands). Twenty-nine of the 156 families were excluded
due to: siblings living outside the state (n = 8), refusal to participate (n = 5), and
deceased at the time of the study (n = 16). The patients whose families were excluded
from the study (n = 29) did not differ from the patients included (n = 279) regarding
their DR status [no retinopathy (50.0% vs. 55.8%); non-proliferative DR (38.5% vs.
32.7%); proliferative DR (11.5% vs. 11.5%); P = 0.265], proportion of male sex (37.9%
vs. 41.9%; P = 0.677), and A1C test values >7% (72.7% vs. 61.0%; P = 0.278).
However, the proportion of included patients with >15 years of duration of DM was

lower than of the excluded patients (31.8% vs. 65.5%; P =0.016).
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Clinical evaluation

Probands (n = 127) and siblings (n = 152) underwent a standardized clinical
evaluation consisting of a questionnaire which included questions about age, known
diabetes, ethnicity (self-definition as white or non-white), and drug treatment, as well as
a physical and laboratory evaluation. Smoking habit was considered positive if the
patient was a current smoker and/or a former smoker (quit smoking for more than 6
months). Body mass index (BMI) was calculated as weight (kg) / height® (m). Sitting
blood pressure was measured to the nearest 2 mmHg after a 5-minute rest with a
standard mercury sphygmomanometer. Hypertension was defined as blood pressure
>140/90 mmHg or use of antihypertensive drugs’'. Cardiovascular events were
diagnosed in the presence of myocardial infarction, revascularization procedures,
congestive heart failure, sudden death or death following acute myocardial infarction.
The diagnosis of diabetic nephropathy was established by the presence of micro- or
macroalbuminuria and the absence of other possible causes of increased albuminuria,
such as other renal disease and heart failure.
Retinopathy grading

Color fundus 45° stereoscopic photographs of seven standard fields were taken
of each eye (Zeiss FF450 Plus IR retinal camera) through dilated pupils. Photographs
were digitalized (HP Photosmart S20 — 900 ppp resolution) and compressed according
to the Joint Photographic Experts Group (JPEG) algorithm to at least 120 KB*. Fundus
examination was graded by a trained ophthalmologist (PBG) while taking the
photographs, and this score was used to classify retinopathy status for the final data
analysis. After the data collection was completed, fundus photographs were analysed
again by the same ophthalmologist who was unaware of the patient’s identity. In order

to analyze the agreement of DR classification carried out by different ophthalmologists, a second
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ophthalmologist (JL), also unaware of the patients’ clinical data, scored the
photographs. The retinopathy was scored according to the more severely affected eye
using the International Clinical Diabetic Retinopathy Severity Scale® (Table 1).
Patients with panphotocoagulation were classified as presenting proliferative DR. No
patient was excluded as a result of unreadable fundoscopy in both eyes.

All patients were classified according the presence or absence of proliferative
DR. In addition, siblings were divided into two according to the presence or absence of
DR in their probands.
Laboratory methods

After 12-h fasting, a blood sample was collected to measure the AIC test
(HPLC, reference range: 4.7-6.0%; Merck-Hitachi L-9100 glycated hemoglobin
analyzer, Merck, Darmstadt, Germany), creatinine (Jaffé’s reaction, autoanalyzer
ADVIA1650, Bayer Diagnostic, Tarrytown, NY, US), triglycerides and total cholesterol
(enzymatic colorimetric method, Merck Diagnostica, Darmstadt, Germany; Boehringer
Mannheim, Buenos Aires, Argentina), and HDL (homogeneous direct method,
autoanalyzer ADVIA1650). LDL was estimated by the Friedewald equation.

Albuminuria was measured in sterile urine samples, either in spot or in 24-h
timed specimens (immunoturbidimetry — MicroAlb SeraPak® Bayer, Tarrytown, NY,
USA on Cobas Mira Plus - Roche®). According to the type of urine sample, patients
were classified as normoalbuminuric (urinary albumin <17 mg/l or <30 mg/24h),
microalbuminuric (urinary albumin 17-174 mg/l or 30-299 mg/24h), macroalbuminuric
(urinary albumin >174 mg/l or >300 mg/24h) or with end stage renal disease. The
diagnosis of micro- or macroalbuminuria was confirmed in a second urine sample® in

64% of patients (63 out of 99 patients).
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Statistical analysis

Unpaired Student ¢-test, Mann-Whitney U and chi-square tests were used to
compare clinical and laboratory data between groups. The kappa statistic was used to
assess the agreement between classifications of DR graded by the same
ophthalmologist, and by different ophthalmologists on two separate occasions. k = 0
defines no agreement, and £ = 1 defines total agreement. Multiple logistic regression
models were used to evaluate factors associated with proliferative DR in the sibling
(dependent variable). Goodness-of-fit tests for these regression models were applied:
Hosmer and Lemeshow Test, to evaluate whether the estimates of the model fit the data
at an acceptable level, and Nagelkerke R* to quantify to what extent the variance of the
dependent variable is explained by the constructed regression model. Factors that could
have influenced DR were included as independent variables. The AIC test was
categorized as a dichotomous variable relying on a specific statement for diabetic
patients *°. The cut-off value of 15 years of DM duration was based on WESDR®. Data
were expressed as mean + standard deviation, median (range) or percentage of patients
with the analyzed characteristics. P values of <0.05 (2-tailed) were considered
significant. Data were analyzed using the SPSS statistical package 14.0.
Results
A total of 127 probands and 152 siblings were analyzed (279 patients). In 22 families
(17.4%), more than one sibling with type 2 DM (2.14 £ 0.35; 2 to 3 siblings) were
included. The overall prevalence of any degree of DR in the 279 patients was 44%, and
of the proliferative DR, 11.5%. The agreement of DR classification by fundoscopy
while performing the retinographies and DR classification by digitalized photographs

(PBG) was 93.3% (k= 0.888; P <0.001). The agreement of DR classification carried out
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by photographs performed by two ophthalmologists (PBG and JL) was 92.9% (k = 0.876;
P <0.001).

Clinical and laboratory characteristics of the probands and siblings were
compared (Table 2). There was no difference regarding most evaluated features,
including age, duration of DM, glycemic and blood pressure control indexes, and the
presence of proliferative DR.

Table 3 depicts clinical and laboratory features of siblings according to the
presence of proliferative DR in the probands. The prevalence of any degree of DR in
siblings who had probands with proliferative DR (n = 13/19; 68.4%) was higher than in
those whose probands did not have proliferative DR (n = 48/133; 36.1%) (P <0.007).
Also, the prevalence of proliferative DR was higher in the siblings who had probands
with proliferative DR (n = 7/19; 36.8%) when compared to siblings who had probands
without proliferative DR (n = 8/133; 6.0%) (P <0.0001).

Figure 1 shows the cumulative prevalence of proliferative DR in the siblings
according to the presence of proliferative DR in the probands. Although the duration of
DM was not different between the two groups (Table 3), siblings of probands with
proliferative DR seemed to have a marked increase in the frequency of proliferative DR
with increased duration of DM.

A multiple logistic regression analysis was performed. The variables
significantly associated with the presence of proliferative DR in the sibling (dependent
variable) were: the presence of proliferative DR in the proband (OR 15.92; 95% CI
2.80-90.11; P =0.002) and diabetic nephropathy in the sibling (OR 13.67; 95% CI 1.27-
146.88; P = 0.031). This regression analysis was adjusted for other variables that may
influence the presence of proliferative DR in the sibling: duration of diabetes >15 years

(OR 6.38; 95% CI 1.15-35.42; P =0.034), A1C test >7% (OR 3.36; 95% CI 0.47-24.10;
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P = 0.228), and presence of hypertension (OR 2.55; 95% CI 0.03-19.58; P = 0.368).
According to the Hosmer and Lemeshow test, this constructed model was well fitted (P
= 0.997), and almost 50% of the variance of the dependent variable (Nagelkerke R* =
0.481) was accounted for by this regression model. When the analysis was performed
with only one sibling and proband pair randomly selected from each family, the
presence of proliferative DR in the proband was still associated with the presence of
proliferative DR in the sibling (OR = 14.68, 95% CI 2.60 — 82.85; P = 0.002).

Familial aggregation of DR was also demonstrated when the presence of any
degree of DR in the sibling was the dependent variable. In this regression model, the
presence of any degree of DR in the proband (OR 3.26; 95% CI 1.22-8.74; P = 0.019),
and the following variables in the sibling, A1C >7% (OR 11.03; 95% CI 3.58-34.02; P
< 0.001), duration of diabetes >15 years (OR 5.90; 95% CI 2.04-17.09; P = 0.001), and
diabetic nephropathy (OR 3.30; 95% CI 1.25-8.72; P = 0.016) were positively
associated with the presence of proliferative DR in the sibling, adjusted for the presence
of hypertension (OR 2.69; 95% CI 0.89-8.08; P = 0.077). However, familial
aggregation was not demonstrated when patients with proliferative DR were excluded
from the analysis (data not shown).

Discussion

In the present study, it was demonstrated that proliferative DR in siblings was
significantly associated with the presence of proliferative DR in the probands adjusted
for duration of diabetes, A1C test, and systolic blood pressure. This data highlights the
fact that genetic predisposition is a major determinant for the presence of advanced
stages of DR in patients with type 2 DM, especially proliferative DR. Furthermore,
familial clustering seems to be the most important factor to influence the cumulative

prevalence of proliferative DR (Figure 1). This observation could not be explained by
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differences in traditional DR risk factors, since siblings with probands with and without
proliferative DR had a similar duration of diabetes, blood pressure levels, glycemic
control and diabetic nephropathy status.

Duration of DM is probably the strongest predictor for development and
progression of DR* ®. Adopting a random selection of probands, independently of their
duration of DM, and furthermore, adjusting all regression models for duration of DM
and other known DR risk factors (A1C test and blood pressure levels) strengthens the
results of the present study.

Other authors also have shown a familial aggregation of DR. In the Diabetes
Control and Complications Trial a familial clustering of DR in relative of type 1 DM
patients was demonstrated only in advanced forms of DR*. In this multicenter study,
first-degree relatives with type 1 and type 2 DM were evaluated. Although there was an
overall increase in the risk of severe DR in first-degree relatives, severity of DR was not
correlated between siblings.

Familial aggregation for DR was also demonstrated in other ethnic samples. In
South-Indian type 2 diabetic patients, a 3.37 times increased chance of having any DR
in the presence of a sibling with DR was observed®’ However this study failed to detect
familial aggregation of more advanced forms of DR. Besides dealing with a different
ethnic group, probands were selected for longer duration of DM or more severe DR
stage.

A recent study on Mexican-American type 2 diabetic patients® also showed
evidence of familial aggregation for more severe stages of DR, but not for the
occurrence of any DR. The overall prevalence of DR (69.7%) was much higher than
that observed in the present study. The authors associated this high prevalence mainly

with the long duration of DM in their patients (9.0 £ 7 years). Ethnic aspects could
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explain these differences since in our study patients had an even longer duration of DM
(12.2 £ 9 years), but a lower prevalence of DR (44%).

The prevalence of any degree of DR in the present study was similar to that
reported in some population-based studies®, including a regional study’’ also performed
in the southernmost state of Brazil. On the other hand, the prevalence of proliferative
DR (11.5%) was somewhat higher than described by others (1.0 to 6.9%) *°. The long
duration of DM observed in patients with proliferative DR (21 + 9 years) could explain
this increased prevalence.

One possible limitation of the present study could be that DR was not graded
according to the ETDRS, the reference standard grading system. The International
Clinical Diabetic Retinopathy Disease Severity Scale” is a user-friendly consensus
grading scale for DR based on ETDRS®® and WESDR? results. It is unlikely that the
use of this classification misdirected our results, since in this cross-sectional study our
aim was to identify patients affected by any degree of DR, and to differentiate those
affected by proliferative DR. The DR grading system chosen is fully adequate to
perform this simplified classification. Moreover, the accuracy of DR grading in the
present study was sustained by scoring DR while the photographs were taken by the
same ophthalmologist, and by a good agreement of grading between different readers.
Finally the wide confidence intervals observed in the logistic regression models used to
evaluate the role of familial aggregation of DR could be due to a relatively small sample
of patients studied. However, the results of the chi-square goodness-of-fit tests
confirmed that the logistic multiple regression analyses performed were reliable.

In conclusion, a familial aggregation of proliferative DR was demonstrated in

this sample of type 2 DM patients from southern Brazil.
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Table 1. International Clinical Diabetic Retinopathy Disease Severity Scale™

Proposed Disease Severity

Level

Findings observed at Dilated
Ophthalmoscopy

Derivation from
ETDRS Levels

No apparent Retinopathy

Mild Non-Proliferative

Diabetic Retinopathy

Moderate

Non-proliferative Diabetic

Retinopathy

Severe Non-Proliferative

Diabetic Retinopathy

Proliferative Diabetic
Retinopathy

ETDRS: Early Treatment Diabetic Retinopathy Study

No abnormalities

Microaneurysms only

More than just microaneurysms but
less than Severe Non-proliferative
Diabetic Retinopathy

- Any of the following:

- Extensive (>20) intraretinal
hemorrhages in each of 4 quadrants

- Definite venous beading in 2+

- Prominent IRMA in 1+

- And no signs of Proliferative
Retinopathy

One or more of the following:
- Neovascularization
- Vitreous/preretinal hemorrhage

Levels 10: DR
absent

Level 20: Very mild
NPDR

Levels 35, 43
moderate NPDR less
than 4:2:1

Level 47: moderate
NPDR less than
4:2:1

53A-E: severe to
very severe NPDR,
4:2:1 rule

Levels 61, 65, 71,75,
81,85: PDR, high-
risk PDR, very
severe or advanced
PDR

DR: Diabetic Retinopathy; NPDR: Non-Proliferative Diabetic Retinopathy

PDR: Proliferative Diabetic Retinopathy

33 Wilkinson CP, Ferris FL, 3rd, Klein RE, et al. Proposed international clinical diabetic
retinopathy and diabetic macular edema disease severity scales. Ophthalmology 2003;

110:1677-82.




Table 2.Clinical and laboratory characteristics of type 2 diabetic siblings defined
as probands or siblings

65

Probands Siblings P
127 152 --
Age (years) 59.32 +£9.04 59.05 £ 10.61 0.814
Males (%) 44.9 39.5 0.362
Whites (%) 75.6 77.0 0.787
DM duration (years) 13.1 +£8.8 11.4+£8.6 0.103
Smokers (%) 543 56.6 0.707
Insulin use (%) 37.8 33.8 0.486
Cardiovascular events (%) 26.2 21.7 0.382
Hypertension (%) 80.3 70.4 0.057
Systolic BP (mmHg) 137.6 £ 26.0 139.6 £24.3 0.521
Diastolic BP (mmHg) 80.7+12.5 82.4+12.9 0.285
BMI (kg/m?) 29.1+4.6 292+5.5 0.964
Serum creatinine (mg/dl) 1.1£0.9 1.2+0.9 0.841
AI1C test (%) 7.7+1.7 8.1+2.1 0.171
Total Cholesterol (mg/dl) 190.9 +42.8 198.4 +47.0 0.186
HDL Cholesterol (mg/dl) 48.5+12.6 46.8 £12.2 0.283
LDL Cholesterol (mg/dl) 105.7 +£38.1 115.5+40.4 0.050
Triglycerides (mg/dl) 145 (27-1000) 157 (51-494) 0.385
Diabetic Nephropathy (%) 34.8 (40/115) 45.4 (59/130) 0.091
Any degree of DR (%) 48.8 40.1 0.146
Proliferative DR (%) 13.4 9.9 0.359

Data are % of patients with the characteristics, mean + SD or median (range)

DR: diabetic retinopathy; BP: blood pressure; BMI: body-mass index; Al1C test:

glycated hemoglobin




Table 3. Clinical and laboratory characteristics of type 2 diabetic siblings grouped

according to the presence of Proliferative Diabetic Retinopathy in the probands
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Sibling characteristics Proband without = Proband with P
Proliferative DR  Proliferative DR

N 133 19 --
Age (years) 59.3+10.8 572+93 0.409
Males (%) 37.6 52.6 0.210
Whites (%) 78.9 63.2 0.126
DM duration (years) 11.1 £8.3 13.7+10.1 0.213
Smokers (%) 58.6 42.1 0.174
Insulin use (%) 32.6 42.1 0.202
Cardiovascular events (%) 20.3 31.6 0.265
Hypertension (%) 69.2 78.9 0.383
Systolic BP (mmHg) 139.2+23.2 142.6 +31.4 0.562
Diastolic BP (mmHg) 81.9+12.2 853 +17.7 0.290
BMI (kg/m?) 293+5.6 28.0+4.8 0.332
Serum creatinine (mg/dl) 1.2+1.0 1.0£0.3 0.468
AI1C test (%) 8.0+2.1 84+1.38 0.436
Total Cholesterol (mg/dl) 197.6 £ 47.5 203.8 +44.7 0.605
HDL Cholesterol (mg/dl) 46.1 £12.3 51.5+10.7 0.081
LDL Cholesterol (mg/dl) 113.8+40.4 126.7 +39.6 0.209
Triglycerides (mg/dl) 161 (51-494) 119 (70-242) 0.011
Diabetic Nephropathy (%) 43.9 (50/114) 56.3 (9/16) 0.351
Any degree of DR (%) 36.1 68.4 <0.007
Proliferative DR (%) 6.0 36.8 <0.0001

Data are % of patients with the characteristics, mean + SD or median (range)

DR: diabetic retinopathy; BP: blood pressure; BMI: body-mass index; A1C test:

glycated hemoglobin
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Figure 1. Cumulative prevalence of proliferative diabetic retinopathy (PDR) in the

siblings according to the presence of PDR in the probands



