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RESUMO 
 
 

O Lúpus Eritematoso Sistêmico (LES) é uma doença autoimune multissistêmica caracterizada 
pelo envolvimento de vários órgãos e por altos títulos de anticorpos contra antígenos 
nucleares e citoplasmáticos. O LES tem um forte componente inflamatório crônico e, 
conseqüentemente, ocorre aumento na produção de espécies reativas de oxigênio (ROS) e 
espécies reativas de nitrogênio (RNS). O estresse oxidativo pode contribuir para a disfunção 
das células imunes, a produção de autoantígeno e reatividade de autoanticorpos no LES. Na 
doença autoimune, as proteínas modificadas oxidativamente podem gerar neoepitopos 
desencadeando a autoimunidade. Inflamação crônica sistêmica e estresse oxidativo têm sido 
propostos ter um papel proeminente na patogênese da resistência à insulina (RI). Os pacientes 
com LES têm maior RI e maior prevalência de síndrome metabólica (SM) do que a população 
em geral. No entanto, até a presente data, a RI e a prevalência de SM em pacientes com LES 
ativo e  inativo não foram investigadas. A hipertensão é um importante fator de risco para 
doença cardiovascular e renal e é altamente prevalente em mulheres com LES. A hipertensão 
arterial resulta de fatores ambientais, genéticos, imunológicos e das interações entre esses 
fatores. A importância dos rins no controle da pressão arterial e da patogênese da hipertensão 
é bem compreendida e estima-se que quase 50% dos pacientes com LES sejam afetadas pela 
glomerulonefrite, mesmo isto não sendo um prerequisito fundamental para desenvoler 
hipertensão. No entanto, o LES é um fator de risco para a hipertensão arterial e pode ocorrer 
independentemente da presença de nefrite. Tem sido sugerido que o processo inflamatório 
crônico e o predomínio da linhagem de citocinas de células T “helper” 1 (Th1) como 
interferon gama (IFN-γ), fator de necrose tumoral alfa (TNF-α), entre outros sobre a linhagem 
de citocinas Th2 como a interleucina 4 (IL-4) e interleucina 10  (IL-10) podem contribuir para 
o aumento da pressão arterial. Os níveis séricos de ferritina e ferro livre também tem sido 
implicados na patogênese de muitas condições, incluindo doenças autoimunes e resistência à 
insulina. Ferritina elevada pode interferir com a extração hepática da insulina levando à 
hiperinsulinemia periférica e resistência à insulina. O objetivo principal desta tese foi avaliar a 
freqüência de resistência à insulina e hipertensão e os possíveis fatores associados a estas 
situações em pacientes com LES sem insuficiência renal. Os resultados obtidos foram 
apresentados e discutidos em 3 artigos científicos cujo delineamento, metodologia e 
resultados são descritos a seguir.  
Artigo 1: Os objetivos deste estudo foram verificar a prevalência de resistência à insulina e 
síndrome metabólica em pacientes brasileiros com LES e analisar se a atividade da doença 
interfere com as condições acima mencionadas. O estudo incluiu 130 controles e 74 pacientes 
com LES. Pacientes com LES foram divididos em doença ativa (36 pacientes) e doença não-
ativa (38 pacientes). A prevalência de resistência à insulina, avaliada por HOMA-IR 
(Homeostasis Model Assessment - Insulin Resistance) foi verificada em 38 (51,35%) 
pacientes com LES e 38 (29,23%) no grupo controle (p = 0,0017, OR: 2,556, IC 95%: 1,413-
4,621), enquanto a prevalência de síndrome metabólica, avaliada pelo ATP-III (Adult 
Treatment Panel III ) foi observada em 25 (33,78%) em pacientes com LES e 17 (13,08%) no 
grupo controle (p <0,0001, OR = 4,644, IC 95%: 2,644-9,625). A resistência à insulina foi 



verificada em 23 (63,89%) pacientes com LES ativo e em 15 (39,47%) de pacientes com LES 
inativo (OR: 2,781, IC 95%: 1,568-4,932, p = 0,0004), enquanto que 15 (41,67%) pacientes 
com LES ativo preencheram os critérios para síndrome metabólica em comparação com 10 
(26,32%) com LES inativo (OR: 2,061, IC 95%: 1,133-3,748, p = 0,0169). O índice de massa 
corporal e a corticoterapia foram significativamente superiores no grupo LES ativo. Este 
estudo reforça o maior risco de desenvolver resistência à insulina e síndrome metabólica em 
pacientes com LES, especialmente naqueles com doença ativa, e apóia o papel da resistência à 
insulina e uso de corticosteróides como as principais ligações entre a atividade da doença e 
síndrome metabólica.  
Artigo 2: Os objetivos deste estudo foram investigar diversos fatores, que influenciam a 
hipertensão em pacientes com LES ativo (AT) e não-ativo (NAT) sem comprometimento 
renal. Foram selecionados 102 indivíduos saudáveis (grupo controle), 70 pacientes com LES 
NAT e 53 LES AT. Pacientes com LES AT tiveram maior probabilidade de apresentar 
hipertensão quando comparados aos controles (p < 0,0001, OR: 4,101, IC 95%: 2,22-7,58) e 
também quando comparado com pacientes com LES NAT (p = 0,0016, OR: 2,510 IC 95%: 
1,408-4,473). As citocinas plasmáticas foram avaliadas por metodologia de ELISA (Enzyme-
Linked Immunosorbent Assay). Pacientes com LES apresentaram menores níveis plasmáticos 
de TNF-α e IL-4 (p < 0,05 e < 0,0001, respectivamente) e níveis significativamente superiores 
de interleucina 6 (IL-6), IL-10, interleucina 17 (IL-17), e IFN-γ (p < 0,0001, < 0,01, < 0,0001 
e < 0,05, respectivamente)  quando comparados ao grupo controle. Pacientes com LES 
apresentaram maior relação IFN-γ/IL-4 (p < 0,01) que o grupo controle, enquanto que em 
pacientes com LES AT apresentaram maior relação IL-12/IL-4 (p < 0,05) do que controles e 
pacientes com LES NAT. Pacientes com LES AT e NAT apresentaram níveis mais elevados 
de hidroperóxidos (avaliados por Tert-butyl hydroperoxide-initiated chemiluminescence-CL-
LOOH) (P < 0,05 e < 0,0001, respectivamente) do que os controles, enquanto os níveis de 
oxidação de proteínas séricas (avaliadas por Advanced Oxidation Protein Products-AOPP) 
foram significativamente maiores em pacientes com LES AT em relação ao grupo controle e 
também em relação aos pacientes com LES NAT (p < 0,01 e < 0,05, respectivamente). A 
capacidade antioxidante total corrigida pelos níveis séricos de ácido úrico (TRAP / UA) 
(avaliados por quimiluminescência) foi significativamente menor no grupo LES do que no 
grupo controle (p < 0,0001). Os níveis séricos de metabólitos de óxido nítrico (avaliados pela 
metodologia da reação de Griess) foram significativamente mais elevados em pacientes com 
LES em relação ao grupo controles (p < 0,0001). O presente estudo mostrou que pacientes 
com LES AT têm maior probabilidade de desenvolver hipertensão arterial do que indivíduos 
controles e pacientes com LES NAT. Os principais fatores que influenciaram a maior 
freqüência de hipertensão arterial em pacientes com AT foram o aumento da relação Th1/Th2 
proporção e do estresse oxidativo. 
Artigo 3: Os objetivos deste estudo foram avaliar o estresse oxidativo e metabolismo do ferro 
em pacientes com LES com e sem resistência à insulina. Este estudo incluiu 236 indivíduos 
(125 controles e 111 pacientes com LES). Os pacientes com LES foram subdivididos em dois 
grupos: com (n = 72) ou sem (n = 39) a resistência à insulina. Pacientes com LES com 
resistência à insulina apresentaram maiores níveis de produtos avançados de oxidação 
protéica (p = 0,030), aumento da atividade da gama-glutamil transferase (GGT) (p = 0,001) e 
diminuição de agrupamentos sulfidrila de proteínas (p = 0,0002) e da capacidade antioxidante 
total corrigida pelos níveis de AU (p = 0,04) quando comparado com pacientes com LES sem 
resistência à insulina. No entanto, os pacientes com LES e resistência à insulina apresentaram 
menores níveis séricos de 8-isoprostanos (p = 0,05) e de proteínas carbonílicas (p = 0,04) 
quando comparado aos pacientes com LES sem resistência à insulina. Os níveis séricos de 
ferritina foram significativamente maiores em pacientes com LES (p = 0,0006) quando 
comparados aos controles e pacientes com LES com resistência à insulina apresentaram 



maiores níveis de ferritina sérica (p = 0,01) em comparação com pacientes com LES sem 
resistência à insulina. Em pacientes com LES foi demonstrada uma correlação inversa entre a 
resistência à insulina e a capacidade antioxidante total (r = -0,2724, p = 0,0008) e a ferritina 
sérica foi positivamente correlacionada com os produtos avançados de oxidação protéica (r = 
0,2870, p = 0,004). Este estudo demonstrou que a presença de resistência à insulina esteve 
diretamente associada ao aumento de estresse oxidativo em pacientes com LES e que o 
aumento de ferritina, o processo inflamatório e a hiperinsulinemia podem favorecer o 
desequilíbrio redox. O presente estudo reforça a necessidade de avaliar o estresse oxidativo 
por meio de vários parâmetros. 
 
Palavras-chave: Lúpus eritematoso sistêmico. Resistência à insulina. Hipertensão arterial. 

Estresse oxidativo. Citocinas. 
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ABSTRACT 
 
 

Systemic Lupus Erythematosus (SLE) is a autoimmune disease characterized by multisystem 
organ involvement and by high titers of autoantibodies against several nuclear and 
cytoplasmatic antigens. SLE has a strong inflammatory component and consequently chronic 
over-production of reactive oxygen species (ROS) and reactive nitrogen species occurs 
(RNS). Oxidative stress may contribute to immune-cell dysfunction, autoantigen production 
and autoantibody reactivity in SLE. In autoimmune disease, oxidatively modified proteins can 
generate neo-epitopes from self-proteins, causing aggressive autoimmune attack. Systemic 
chronic inflammation and oxidative stress has been proposed to have a prominent role in the 
pathogenesis of insulin resistance. Patients with SLE have higher insulin resistance and 
metabolic syndrome prevalence than the general population. However, to date, insulin 
resistance and metabolic syndrome prevalence in active and inactive disease have not been 
reported. Hypertension is a major risk factor for cardiovascular and renal diseases and is 
highly prevalent in women with SLE. Elevated blood pressure (BP) results from 
environmental, genetic and immuno log ica l  f ac to r s ,  and from interactions among these 
factors. The importance of the kidneys in the long-term control of BP and the pathogenesis of 
hypertension are well understood and it is estimated that almost 50% of patients with SLE is 
affected by glomerulonephritis. However, SLE is a risk factor for hypertension in humans and 
can occur independently of nephritis. It has been suggested that chronic inflammatory process 
and higher Th1 cytokines profile such as interferon gamma (IFN-γ) and tumor necrosis factor 
alpha (TNF-) and its predominance over Th2 cytokines profile such as interleukin 4 (IL-4) 
and interleukin 10 (IL-10) can contribute to increase DP. Ferritin and iron homeostasis have 
also been implicated in the pathogenesis of many conditions, including autoimmune disease 
and insulin resistance. Elevated ferritin may interfere with hepatic insulin extraction leading 
to peripheral hyperinsulinemia and insulin resistance. The main objective of this thesis was to 
evaluate the frequency of insulin resistance and hypertension and the possible factors 
associated with these situations in patients with SLE without renal impairment. The results 
were presented and discussed in 3 scientific articles whose design, methodology and results 
are described below.  
Article 1: The objectives of this study were to verify the prevalence of insulin resistance and 
metabolic syndrome (MetS) in Brazilian patients with SLE and to analyze whether disease 
activity interferes with the aforementioned conditions. The study included 130 controls and 74 
SLE patients. SLE patients were divided in active (36 patients) and inactive (38 patients) 
disease. Insulin resistance prevalence measured by HOMA-IR (Homeostasis Model 
Assessment - Insulin Resistance) was verified in 38 (51.35%) patients with SLE and in 38 
(29.23%) controls (p=0.0017, OR: 2.556, IC 95%: 1.413-4.621), whereas MetS prevalence 
measured by ATP-II (Adult Treatment Panel III) was observed in 25 (33.78%) patients with 
SLE and in 17 (13.08%) controls (p<0.0001, OR=4.644, CI 95%: 2.644-9.625). Insulin 
resistance was verified in 23 (63.89%) patients with active SLE and in 15 (39.47%) patients 
with inactive SLE (OR: 2.781, IC 95%: 1.568-4.932, p=0.0004), whereas 15 (41.67%) 
patients with active SLE met the criteria for metabolic syndrome compared with 10 (26.32%) 
with inactive SLE (OR: 2.061, IC 95%: 1.133-3.748, p=0.0169). Body mass index and 



corticosteroids use significantly increased in the active group. This study reinforces the higher 
risk for developing insulin resistance and metabolic syndrome in patients with SLE, especially 
in those with active disease, and support the role of insulin resistance and corticosteroid use as 
the main links between disease activity and metabolic syndrome.  
Article 2: The objectives of this study were to investigate several factors, which influence 
hypertension in patients with active (AT) and non-active (NAT) systemic lupus erythematosus 
(SLE) without renal damage. This study enrolled 102 healthy individuals (control group), 70 
NAT and 53 AT SLE patients without renal disease. SLE AT patients presented higher 
probability to develop hypertension when compared to controls (p<0.0001, OR:4.101, CI 
95%: 2.22-7.58) and also when compared to NAT SLE patients (p=0.0016, OR: 2.510 CI 
95%: 1.408-4.473).  SLE patients showed lower TNF- and IL-4 levels (p < 0,05 and < 
0,0001, respectively) and higher interleukin 6 (IL-6), IL-10, interleukin 17 (IL-17), and IFN-γ 
levels (p < 0,0001, < 0,01, < 0,0001 and < 0,05, respectively) than the control group. SLE 
patients had higher IFN-γ/IL4 ratio (p < 0,01)  than the control group, whereas AT SLE 
patients showed higher IL-12/IL-4 ratio (p < 0,05) than controls and NAT patients. SLE AT 
and NAT patients presented higher hydroperoxydes levels (measured by tert-butyl 
hydroperoxide-initiated chemiluminescence-CL-LOOH) (P < 0,05 and < 0,0001, respectively) 
than controls, whereas serum protein oxidation levels (measured by advanced oxidation 
protein products-AOPP)  were significantly higher in AT SLE patients compared with the 
control group and also in relation to NAT SLE patients (p < 0,01 and < 0,05, respectively). 
Total radical-trapping antioxidant parameter corrected by uric acid (TRAP/UA) (measured by 
chemiluminescence) was significantly lower in NAT SLE than in the control group (p < 
0,0001). Serum nitric oxide levels (measured by Griess reaction) were significantly higher in 
SLE patients in relation to the control group (p < 0,0001). The present study showed that 
patients with AT SLE had more probability to develop hypertension than control subjects and 
patients with NAT SLE. The main factors, which influenced the high frequency of 
hypertension in AT SLE patients were increased Th1/Th2 ratio and increased oxidative stress.  
Article 3: The objectives of this study were to assess the oxidative stress and iron metabolism 
in SLE patients with and without insulin resistance (IR). This study included 236 subjects 
(125 controls and 111 SLE patients). Patients with SLE were divided in two groups: with 
(n=72) or without (n=39) IR. SLE patients with IR showed higher advanced oxidation protein 
products (AOPP) (p = 0,030), and gamma-glutamyltransferase levels (p = 0,001), and lower 
sulfhydryl groups of proteins (p = 0.0002) and total radical-trapping antioxidant parameter 
(TRAP) corrected by uric acid (UA) levels (p = 0.04) when compared to SLE patients without 
IR. However, SLE patients with IR presented lower serum 8-isoprostanes (p = 0.05) and 
carbonyl protein levels (p = 0.04) when compared to SLE patients without IR. Serum ferritin 
levels were significantly higher in SLE patients (p = 0.0006) when compared to controls and 
SLE patients with IR presented higher serum ferritin levels (p = 0.01) compared to SLE 
patients without IR. Patients with SLE showed that IR was inversely correlated to TRAP/UA 
(r = -0.2724, p = 0.0008) and serum ferritin was positively correlated with AOPP (r = 0.2870, 
p = 0.004). This study showed that IR increases oxidative stress in patients with SLE and that 
increased ferritin whatever its cause, the inflammatory process per se or hyperinsulinemia, 
can favor the redox process.  The preset data reinforce the need of measuring oxidative stress 
with several methodologies with different assumptions. 
 
Keywords:  Systemic lupus erythematosus. Insulin resistance. Hypertension. Oxidative stress. 
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1 INTRODUÇÃO 

 

1.1 LÚPUS ERITEMATOSO SISTÊMICO (LES) 

 

Lúpus Eritematoso Sistêmico (LES) é uma doença autoimune, inflamatória 

e crônica, sendo seu desenvolvimento atribuído a fatores genéticos e ambientais em que há 

disfunção da resposta imune adquirida. No entanto, uma inadequada, ativa e sustentada 

resposta imune inata está implicada no início e nas conseqüências patogênicas da produção de 

autoanticorpos no LES (OATES, 2010).  

O LES é caracterizado pela presença de autoanticorpos contra o núcleo 

celular, denominados anticorpos antinucleares (ANAs). Os ANAs podem estar direcionados 

contra as seguintes estruturas:: (1) anticorpos contra o ácido desoxirribonucleico dupla fita 

(anti-dsDNA); (2) anticorpos contra as proteínas histonas; (3) anticorpos contra proteínas 

ligadas ao ácido ribonucléico (anti-RNA); e (4) anticorpos contra antígenos nucleolares 

(KOTZIN; O´DELL, 1995; HAHN, 1998).  

A presença destes anticorpos, principalmente o DNA e as proteínas 

histonas, geram reações locais e sistêmicas que acarretam comprometimento multissitêmico 

afetando principalmente articulações, pele, rins, pulmões, sistema nervoso, e outros órgãos do 

corpo. A doença pode variar de leve a grave, alternando períodos de atividade, caracterizada 

por manchas na face e pele, artralgia, febre, fadiga e períodos assintomáticos (URAMOTO et 

al., 1999). 

 

1.2 EPIDEMIOLOGIA DO LÚPUS ERITEMATOSO SISTÊMICO 

 

O LES está presente usualmente em mulheres na fase da pré-menopausa, 

entre 20 a 40 anos de idade, sendo o sexo feminino mais acometido que o masculino na 

proporção de 9:1.  Também é mais comum em determinados grupos étnicos como, afro 

descendentes, asiáticos e hispânicos (URAMOTO et al., 1999). A freqüência da doença na 

população mundial é, em média, de aproximadamente 27,7/100mil (D´CRUZ et al., 2007), 

variando em torno de 15 a 120/100mil indivíduos (RUS; HOCHBERG,  2002), mas pode 

chegar a 400/100mil em mulheres afro-americanas (HART et al., 1983). No Brasil, os dados 

sobre prevalência e incidência ainda são escassos, pois até o presente momento, apenas um 

estudo avaliou a incidência do LES no país. Este estudo, realizado na cidade de Natal (Rio 

Grande do Norte), demonstrou uma incidência de 8.7/100mil/ano casos novos de LES no ano 
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de 2000 (VILAR; SATO, 2002).  

 

1.3 ETIOLOGIA E FISIOPATOLOGIA DO LÚPUS ERITEMATOSO SISTÊMICO 

 

Embora a etiologia da doença ainda seja incerta, fatores ambientais, 

hormonais, imunológicos e genéticos estão associados ao seu desenvolvimento (PISETSKY, 

1997; MOK; LAU, 2003). Os mecanismos que geram a doença envolvem uma rede complexa 

de elementos celulares e moleculares presentes na resposta imune inata e adquirida (SCHUR, 

1995; SULLIVAN, 2000; GATEVA et al., 2009; MANOLIO et al., 2009). 

A fisiopatologia da doença envolve a produção errônea de autoanticorpos e, 

também, o depósito de imunocomplexos, como por exemplo, os avaliados na patogênese da 

glomerulonefrite. Estes mediadores da doença estão envolvidos em danos celulares e teciduais 

que levam a um processo inflamatório crônico. Sabe-se que a inflamação é um fator posterior 

à implantação da doença (CRISPÍN et al., 2010). 

O antígeno leucocitário humano (HLA) é um fator genético importante 

envolvido na etiologia do LES. A associação de HLA-DR2 e DR3 com LES é um achado 

comum em pacientes de diferentes etnias, que então apresentam um risco relativo de duas a 

cinco vezes de desenvolver a doença (PISETSKY, 1997). Os genes HLA de classe II também 

têm sido associados com a presença de determinados autoanticorpos, como anti-Smith, anti-

SS-A (anti-Ro), anti-SS-B (anti-La), anti-RNP e anti-DNA, corroborando a hipótese que 

falhas nesses genes contribuam para o aparecimento da doença (SCHUR, 1995).  

Além disso, o LES é associado a deficiências herdadas em componentes do 

sistema complemento como o C1q, C1r/s e C2. A diminuição da atividade do complemento 

poderia promover maior suscetibilidade à doença ao alterar a neutralização e limpeza de 

imunocomplexos formados por autoantígenos e autoanticorpos. Quando a carga de antígeno 

ultrapassa a capacidade de depuração do sistema imunológico, o sistema de autoimunidade 

poderá ser ativado (ATKINSON, 1986).  

A presença de autoantígenos parece ser o elemento deflagrador para o 

desencadeamento da doença. Processos lesivos em tecidos afetados por uma variedade de 

causas parecem ser os responsáveis pela exposição destes antígenos ao sistema imune de 

indivíduos geneticamente suscetíveis, fazendo com que as moléculas que normalmente são 

encontradas no interior das células do tecido, sejam expostas, induzindo assim, células 

apresentadoras de antígeno, como linfócito B e fagócitos, a processarem esses autoantígenos e 

apresentarem a linfócitos T autorreativos (KLINMAN et al., 1991). 
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Além do reconhecimento inicial, a estimulação da interação de células B e T 

é facilitada por várias citocinas, como interleucina-10 (IL-10) (KLINMAN et al., 1991). Sabe-

se que as células B autorreativas são estimuladas mais facilmente por citocinas, o que 

contribui para sua expansão clonal no organismo das pessoas que possuem LES (LIOSSIS et 

al., 1996; LINKER-ISRAELI et al., 1991; MONNEAUX; MULLER, 2002).  

Theofilopoulos et al. (2001) mostram um paradigma entre a resposta Th1 e 

Th2 em que ambas podem estar aumentadas no LES. A resposta imune celular em pacientes 

com LES, dada pelas células T auxiliares (TCD4) ou T helper (Th), depende se a doença está 

em atividade ou não. O padrão Th1 está mais associado à atividade da doença, enquanto que o 

padrão Th2 se associa ao aumento de produção de autoanticorpos e lesão renal 

(THEOFILOPOULOS et al., 2001).  

O padrão Th1 está associado à inflamação e dano tecidual (resposta mediada 

por células, principalmente por IFN-γ e IL-12), enquanto o padrão Th2 está associado à 

atividade da doença e produção de anticorpos (resposta humoral, principalmente mediada por 

IL-6 e IL-4). Os mecanismos prováveis para isso são a regulação negativa por excesso de 

citocinas Th2, a interação deficiente entre células apresentadoras de antígenos e células T, os 

efeitos supressivos das células T citotóxicas (CD8) e natural killer (NK), presença de 

inibidores de interleucina-2 (IL-2) e regulação diminuída de receptores de IL-2 (GARCIA-

COZAR et al., 1996; LAUWERYS; HOUSSIAU, 1998).  

Por sua vez, as células Th0 quando estimuladas por IL-6, IL-21 e TGF-beta 

produzem interleucina 17 (IL-17) e são diferenciadas em Th17, um tipo de padrão associado 

ao Th1. Esta citocina, quando em níveis elevados, está relacionada à atividade da doença nos 

pacientes LES (KORN et al., 2009). A IL-17 possui a função de aumentar a resposta 

inflamatória, por induzir o aumento de produção de interleucina 6 (IL-6) (LINKER-ISRAELI 

et al., 1991) e interleucina 21 (IL-21) (WONG et al., 2010), e aumentar a sobrevida e 

proliferação de linfócitos B; além disso, induz a diferenciação de linfócito B em plasmócitos 

(DOREAU et al., 2009). IL-6 e IL-21 são produzidas por um tipo de célula Th, denominada 

célula Th folicular (ThF), que é encontrada em regiões germinativas dos linfonodos, cuja ação 

é sinalizar para as células B produzirem imunoglobulinas (Igs), mudar  o isotipo e gerar 

hipermutação somática. Verificou-se que em modelos murinos a IL-21 e as célula ThF são 

necessárias para o desenvolvimento  da doença (ODEGARD et al., 2008; BUBIER et al., 

2009) e que o tratamento com receptor de IL-21 reduz a progressão da doença (HERBER et 

al., 2007). Este fato demonstra que a população de células B, por meio da influência de 

citocinas estimulatórias, poderia ser ativada mais facilmente, promovendo maior atividade da 
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doença.  

Os hormônios sexuais também estão associados ao desenvolvimento da 

doença, porém os mecanismos ainda não estão bem elucidados. A maior prevalência de LES 

no sexo feminino, a associação com período fértil, e a variação da doença durante o ciclo 

menstrual e gestação demonstram que influências hormonais estão cada vez mais associadas 

ao LES (WHITACRE; BLANKENHORN, 1999; ROBERTS et al., 2000). 

 

1.4 DIAGNÓSTICO CLÍNICO E LABORATORIAL DO LÚPUS ERITEMATOSO SISTÊMICO 

 

O diagnóstico da doença é estabelecido quando o paciente apresenta pelo 

menos quatro dos onze critérios estabelecidos pelo Colégio Americano de Reumatologia 

(CAR): rash malar (na forma clássica de “asa de borboleta”), rash discóide (placas 

avermelhadas na pele com descamação superficial), fotosensibilidade, úlceras orais, serosites, 

artrites, desordens renais, neuropisiquiátricas, hematológicas e imunológicas, além de 

anticorpos antinucleares. Estes critérios foram estabelecidos com o objetivo de uniformizar os 

estudos científicos da doença (HOCHBERG et al., 1997). 

Os critérios laboratoriais comumente avaliados para o diagnóstico e 

monitoramento da doença são: pesquisa de ANAs, pesquisa de anticorpos anti-dsDNA e 

contra os Antígenos extraíveis do núcleo (ENAs) (DELLAVANCE et al., 2003), dosagem dos 

componentes do sistema complemento C3 e C4, assim como análises hematológicas, como a 

contagem de hemácias, leucócitos totais e plaquetas (BORBA et al., 2009).  

A pesquisa de autoanticorpos auxilia no diagnóstico do LES, sendo 

realizado pela metodologia de imunofluorescência indireta (IFI) que utiliza células tumorais 

epiteliais de faringe (células Hep-2) fixadas em lâmina. A utilização destas células tornou o 

teste de IFI de alta sensibilidade, sendo indicado para triagem de doenças reumáticas. No 

entanto, a especificidade do teste é bem menor, o que leva a necessidade de altos títulos de um 

determinado padrão de anticorpos para garantir o diagnóstico do LES. O padrão mais comum 

da imunofluoresecência para o LES é o homogêneo, cujos anticorpos do paciente podem 

apresentar reatividade para o DNA, cromatina e proteínas histonas. Caso estejam presentes 

outros padrões, como por exemplo, o nuclear pontilhado, torna-se necessária a pesquisa de 

ENAs, para determinar qual antígeno provocou a produção de autoanticorpos 

(KAVANAUGH et al., 2000).  

A pesquisa de anticorpos contra DNA de dupla fita (anti-dsDNA) é 

considerada mais específica, porém menos sensível, e é um teste laboratorial utilizado no 
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diagnóstico e monitoramento da doença. Entretanto, a ausência de anti-dsDNA no sangue não 

exclui o diagnóstico, pois cerca de 50% dos pacientes com LES não apresentam anti-dsDNA 

reagente. Além disso, a presença de anti-dsDNA também esta associada à doença renal, sendo 

considerado um marcador de dano renal (JOSEPH et al,, 2010; KAVANAUGH et al., 2000; 

HOCHBERG, 1997; KURIEN; SCOFIELD, 2006), podendo ser determinado pela 

metodologia de IFI ou por Enzyme-Linked Immunosorbent Assay (ELISA). Já os ENAs 

costumam ser determinados pelo teste de ELISA (FERREIRA; ÁVILA, 1996). 

Sabe-se que indivíduos com LES podem apresentar comprometimento renal 

e, dessa forma, deve-se solicitar, concomitantemente à pesquisa de anti-dsDNA, a dosagem de 

creatinina sérica e urinária, exame de urina I e proteinúria de 24 horas (RAVEL, 1997). Além 

disso, a avaliação do perfil inflamatório é realizada usualmente mediante a dosagem de 

proteína C reativa (PCR), alfa-glicoproteína ácida e pela determinação da velocidade de 

hemossedimentação (HOCHBERG, 1997).  

 

1.5 AVALIAÇÃO DA ATIVIDADE DA DOENÇA 

 

A atividade da doença pode ser determinada de várias maneiras em 

pacientes com LES. O escore SLEDAI (Systemic Lupus Erythematosus Disease Activity 

Index) é um índice global que inclui 24 critérios clínicos e laboratoriais específicos. A 

atividade da doença pode variar de 0 a 105 pontos, onde 0 é obtido em casos de ausência de 

atividade e 105 nos casos com alta atividade da doença (BOMBARDIER et al., 1992; 

GADMAN et al., 2002). Este índice é utilizado pelo Ambulatório de Reumatologia do 

Hospital Universitário de Londrina que avalia o comprometimento orgânico e dados 

laboratoriais nos pacientes com LES (anexo 1). 

A determinação da atividade da doença pode ser avaliada também, 

laboratorialmente, pela dosagem de componentes do sistema complemento, mais comumente 

de C3 e C4. Os níveis séricos de complemento C3 e C4 podem estar diminuídos nos pacientes 

com LES em atividade da doença devido ao consumo destes componentes pelos 

imunocomplexos formados, que podem ativar a via clássica. Observa-se que nos casos de 

melhora clínica dos pacientes os níveis séricos de complemento aumentam, mas nem sempre 

voltam aos valores considerados de referência (JOSEPH et al., 2010; KAVANAUGH et al., 

2000; HOCHBERG, 1997). 

Um outro teste laboratorial solicitado para a determinação da atividade da 

doença é a pesquisa de anticorpos anti-dsDNA. Comumente este teste é realizado por IFI 
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sendo o resultado liberado em título. A positividade deste teste e os títulos elevados são 

indicativos de doença ativa. A remissão da doença, seja pelo tratamento ou não, está associada 

à diminuição dos títulos de anti-dsDNA e negativação do teste (FERREIRA; ÁVILA, 1996). 

 

1.6 ESTRESSE OXIDATIVO, METABOLISMO DE FERRO E RESISTÊNCIA À INSULINA NO 

 LÚPUS ERITEMATOSO SISTÊMICO 

 

O estresse oxidativo (EO) ocorre quando existe um desequilíbrio entre 

agentes antioxidantes e oxidantes, sendo ocasionado por radical livre. Este radical é qualquer 

átomo, molécula ou fragmento de molécula contendo um ou mais elétrons desemparelhados 

nas suas camadas de valência (HALLIWELL; GUTTERIDGE, 1999). Alguns exemplos de 

radicais livres são: oxigênio molecular (O2), radical hidroxil (OH-), ânion superóxido (O2 -), 

radical peroxil (ROO-), radical alcoxil (RO-) e óxido nítrico (NO) (SJODIN et al., 1990; 

ARUOMA, 1994; PEREIRA, 1994; YU, 1994). Esses radicais são encontrados no organismo 

humano e sua produção está relacionada a processos fisiológicos como a respiração, assim 

como a processos patológicos como na inflamação, resultando em lesões biológicas 

(HALLIWELL; GUTTERIDGE, 1999). Os termos substâncias reativas do oxigênio (ROS) e 

substâncias reativas do nitrogênio (RNS) tem sido usados para descrever compostos com ação 

de radicais livres. Para se proteger destes processos oxidativos, o organismo dispõe de 

mecanismos químicos (ácido úrico), bioquímicos (glutationa reduzida-GSH) e biológicos 

(enzimas: superóxido dismutase-SOD, catalase e glutationa peroxidase-GPX) (WHITE, 1993; 

YU, 1994).  

O processo inflamatório envolvido na fisiopatologia do LES parece levar ao 

aumento do EO e diminuição da capacidade antioxidante, contribuindo para elevar os danos 

oxidativos teciduais nestes pacientes. No entanto, este fenômeno precisa ser mais bem 

elucidado neste modelo de doença, pois  a influência de fatores ambientais, medicamentos e 

estilo de vida podem modificar esse conceito. Além disso, as lesões endoteliais que 

certamente ocorrem nos pacientes com LES, contribuem para formação de “foamy cells” 

(macrófagos espumosos), pois a peroxidação lipídica, devido a ação dos ROS nas 

lipoproteínas de baixa densidade (LDL-colesterol) e triacilgliceróis, o que favorece a adsorção 

de macrófagos ativados em região inflamatória vascular. Assim, há formação de placas de 

ateroma, contribuindo para o desenvolvimento de doenças cardiovasculares (LINDAHL et al., 

2000).  

Embora a causa do LES seja multifatorial, tem sido sugerido que o aumento 
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da produção de ROS e RNS pode favorecer o seu desenvolvimento. O EO pode contribuir 

para a disfunção das células imunes, produção de autoantígeno e reatividade de 

autoanticorpos no LES (OATES, 2010). Na doença autoimune, proteínas modificadas 

oxidativamente são responsáveis por perturbações adicionais, pois representam alvos 

potenciais para o sistema imunológico, rompendo a tolerância das células B. A função do 

tecido conjuntivo também pode ser alterada por meio da modificação da estrutura do ácido 

hialurônico sob a ação de ROS (SHEIKH et al., 2007), tornando-o um alvo para o sistema 

imune. 

No entanto, os efeitos deletérios dos ROS são mais pronunciados em 

biomembranas e organelas celulares ocasionados pela lipoperoxidação. Como as reações 

oxidativas são normalmente instáveis, a identificação deste fenômeno se dá pela análise de 

produtos finais da ação oxidante. O malondialdeído (MDA), um produto final da 

lipoperoxidação que pode ser quantificado, é um exemplo disso. Este composto pode ser 

covalentemente ligado às proteínas gerando adutos intra e intermoleculares. Essas alterações 

podem gerar neoepítopos de proteínas que passam agora a ser reconhecidas pelo sistema 

imunológico resultando em processo autoimune. As alterações ocorridas podem ocasionar 

estados de doença aguda e crônica, ser um preditor de risco da doença, e/ou estar envolvidas 

na progressão da lesão vascular relacionada ao LES (ZHANG et al., 2010). Ben Mansour e 

colaboradores (2010) demonstraram aumento dos níveis de MDA em pacientes com LES. 

Outros estudos também demonstraram um aumento nos níveis de MDA avaliados pelo 

método de determinação das substâncias reativas ao ácido tiobarbitúrico (TBARS), e este foi 

associado positivamente ao 8-isoprostano, um metabólito da peroxidação lipídica catalizada 

por radical, cuja estrutura e função se assemelham com a da prostaglandina F2, um importante 

vaconstritor (MORROW et al., 1996; ABOU-RAYA et al., 2004). O aumento da 

lipoperoxidação tem sido observado em vários estudos com pacientes com LES com 

diferentes abordagens metodológicas para a sua avaliação (NUTTAL et al., 2003; KURIE; 

SCOFIELD, 2003; FROSTEGARD et al., 2005; ABOU-RAYA et al., 2004). No entanto, os 

resultados ainda são controversos. Tewthanom et al (2008) não demonstraram diferenças na 

concentração de MDA quando compararam indivíduos controle com pacientes com diferentes 

graus de gravidade do LES. Os autores sugeriram que um provável motivo para estes dados 

conflitantes tenha sido o efeito da prednisona na peroxidação lipídica (KUONO et al., 1994).  

Estudos demonstram que no LES há peroxidação lipídica associada à 

formação da placa de ateroma, sendo a oxidação do LDL-colesterol associada a esta formação 

(MANZI, 2000; LINDAHL et al., 2000; NUTTALL et al., 2003). 



 26

A avaliação do estado antioxidante em pacientes com LES tem apresentado 

resultados conflitantes. Estudos têm demonstrado aumento (TURGAY et al., 2007) ou 

diminuição (BAE; KIM; SUNG, 2002; TAYSI et al., 2002) da capacidade antioxidante total, 

enquanto outros não verificaram nenhuma diferença significativa em relação aos indivíduos 

controles (NUTTALL et al., 2003, ZHANG et al., 2005). No entanto, as metodologias 

realizadas, o número de pacientes e a atividade da doença foram diferentes nesses trabalhos.  

A homeostase de ferritina e ferro têm sido implicados na patogênese de 

doenças relacionadas à autoimunidade e também em patologias relacionadas à resistência à 

insulina (RI), como a síndrome metabólica (CHOI et al., 2005; GONZÁLEZ et al., 2006; 

ZANDMAN-GODDARD G; SHOENFELD, 2007). Sabe-se que a RI mediada no fígado é 

uma consequência precoce de danos hepáticos ferro-dependentes (ANDREWS, 1999; 

FERRANNINI, 2000; KIM et al., 2011). A principal função da ferritina é armazenar ferro 

intracelular de modo compacto, seguro e torná-lo disponível quando necessário. Esta função é 

devido a uma capacidade muito elevada da proteína de ligação com o ferro e da atividade da 

enzima ferroxidase, que converte Fe + + para Fe + + + (AROSIO; INGRASSIA; CAVADINI, 

2009). Há evidências de que a ferritina poderia exercer um papel protetor contra os danos 

mediados pelos radicais livres advindos do oxigênio (AROSIO; INGRASSIA; CAVADINI, 

2009). A ferritina é uma proteína que contém e mantém em solução vários milhares de átomos 

de ferro, que em outra circunstância formariam um precipitado tóxico. O ambiente de maior 

concentração desta proteína é intracelular, sendo o metabolismo do ferro importante para 

servir de componente para reações que ocorrem dentro da célula. Esse íon entra e sai da 

proteína conforme as necessidades celulares (HARRISON; AROSIO, 1996). Porém o ferro e 

a ferritina são elementos associados ao estresse oxidativo (EO). 

O principal papel da ferritina no EO foi evidenciado pela sua participação na 

reação de Fenton (ZHAO et al., 2001), disponibilizando maior quantidade ferro, e, por 

conseqüência, aumentando o EO. 

Outras funções da ferritina associadas ao EO estão sendo evidenciadas por 

influenciar nos processos que desequilibram o sistema oxidante-antioxidante, como, por 

exemplo, um membro do grupo de proteínas que respondem ao estresse e a inflamação. 

Citocinas inflamatórias, particularmente o TNF-α  e a IL-2, regulam positivamente a síntese 

de ferritina em várias células de mamíferos, incluindo células mesenquimais, hepatócitos e 

macrófagos-monócitos (MILLER et al. 1991).  O elemento regulatório desta resposta, que é 

específico para a cadeia H-Ferritina e é chamado de FER2, foi identificado com 4.8 Kpb e 

inicia a transcrição do gene da H-Ferritina que está ligado ao sitio do fator de transcrição 
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nuclear κB (NFκB) (KWAK et al. 1995). Estes eventos podem ser acompanhados por efeitos 

indiretos via indução do NO que estimula a diferenciação e ativação da síntese de H e L-

Ferritina em nível transcricional (MARZIALI, et al., 1997). Estes eventos parecem gerar um 

predomínio na indução da H-Ferritina com consequente aumento do EO. Além disso, a 

observação de que o O- pode mobilizar o ferro da ferritina levou à sugestão de que a 

exposição aos radicais livres de oxigênio podem realmente aumentar o pool de ferro reativo 

(reduzido) e exacerbar a lesão oxidante (AROSIO; LEVI, 2002). Além disso, o ferro catalisa a 

formação de radicais hidroxilas, que são pró-oxidantes poderosos e que atacam lipídios da 

membrana celular, proteínas e ácidos nucléicos (AROSIO; LEVI, 2002). Portanto, os níveis 

de ferritina elevados estão associados com o processo inflamatório crônico e podem estar 

envolvidos no desequilíbrio redox verificado nestas condições. Entretanto, ainda persistem 

controvérsias sobre o papel funcional da ferritina nestas condições, se pró ou antioxidante. 

O musculo esquelético, fígado e pâncreas são os principais responsáveis 

pelo controle da glicemia. O excesso de glicose, como em um evento pós-prandial, induz a 

liberação pancreática de insulina que aumenta os transportadores de glicose GLUT-4 no 

músculo esquelético, e também de GLUT-2 no fígado e com isso há diminuição da glicemia e 

aumento do consumo e armazenamento de glicose nestes tecidos. Já em situação de 

diminuição da glicemia, como no jejum prolongado, há liberação pancreática de glucagon que 

gera glicogenólise no fígado e manutenção nos níveis séricos de glicose. Estes eventos de 

consumo, armazenamento e liberação de glicose são controlados por hormônios e enzimas 

intracelulares. Estes processos garantem a manutenção dos níveis séricos de insulina, 

glucagon e glicose no organismo, e o desequilíbrio entre estes elementos gera a RI 

(NEWGARD, 2004). 

Algumas situações contribuem para o surgimento da RI, como, por 

exemplo, falhas na sensibilização do músculo esquelético e fígado (SHULMAN et al., 1990), 

o excesso de peso com aumento de ácidos graxos livres (KIM et al., 2001), o processo 

inflamatório (BARNES; KARIN, 1997; MILES et al., 1997; SUMMERS et al., 1998; 

YAMAUCHI et al., 2002) e o EO (KIM et al., 2011). 

A RI contribui para a patogênese da síndrome metabólica (SM) por meio da 

hiperglicemia, hiperinsulinemia compensatória e falha na sensibilização da insulina. Dentre 

estes, a hiperinsulinemia parece ser o fator mais importante (SIDIROPOULOS; 

KARVOUNARIS; BOUMPAS, 2008). Estudos mostram elevada prevalência de SM em 

pacientes com LES no Brasil (VILAR et al., 2006; TELES et al., 2010) e no Mundo 

(PARKER/ BRUCE, 2010). Chung et al (2007) demonstraram uma prevalência de 44,1% de 
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RI em pacientes com LES.  

Em suma, é possível que a doença inflamatória crônica e o EO inerentes ao 

LES possam estar diretamente associados ao desenvolvimento de RI nestes pacientes. No 

entanto, até o presente momento, não há estudos que tenham avaliado se a presença de RI em 

pacientes com LES aumenta o estresse oxidativo, o que ajudaria na compreensão dos fatores 

relacionados à manutenção e progressão da doença. 

 

1.7 ÓXIDO NÍTRICO (NO) E LÚPUS ERITEMATOSO SISTÊMICO 

 

O NO é produzido nas células endoteliais pela expressão da enzima óxido 

nítrico sintase endotelial (eNOS) e é responsável pela vasodilatação e manutenção da função 

endotelial. A produção de NO também pode ser estimulada pelo aumento na expressão da 

enzima óxido nítrico sintase induzível (iNOS). Em circunstâncias estimulatórias, como 

estresse oxidativo, dano endotelial ou tecidual e citocinas pró-inflamatórios, ocorre a 

produção de NO estimulada por um aumento na expressão da iNOS que é capaz de produzir 

até 1.000 vezes mais NO do que eNOS (NATHAN, 1997). Portanto, NO produzido por iNOS 

media a resposta inflamatória, e foi mostrado que causa disfunção vascular em uma série de 

modelos experimentais (GUNNETT et al., 2003). 

Sabe-se que o NO regula as funções das células T em condições 

fisiológicas, mas a superprodução de NO pode contribuir para a disfunção de linfócitos T, e 

há estudos relatando aumento da síntese de NO endógeno no LES (NAGY et al., 2010).  

A determinação da concentração de metabólitos do óxido nítrico (NOx) em 

pacientes com LES tem mostrado resultados contraditórios, sendo que alguns autores 

relataram aumento da produção (BELMONTE et al., 1997; WANCHU et al., 2001), enquanto 

outros não encontraram qualquer alteração (WIGAND et al., 1997; GONZALEZ-CRESPO et 

al., 1998). 

Oates e colaboradores (2008), demonstraram um aumento dos níveis de 

NOx em pacientes LES quando comparados com controles, e verificaram, que a atividade da 

doença estava associado a este aumento. Em outro estudo, Asl e colaboradores (2008) 

verificaram uma correlação direta entre a presença dos fatores de risco da SM e os valores 

elevados de NOx no soro de pacientes com LES. Estes dados reforçam a hipótese de 

envolvimento do NO na disfunção endotelial nestes pacientes. 
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1.8 HIPERTENSÃO ARTERIAL, DOENÇA CARDIOVASCULAR, SÍNDROME METABÓLICA E 

 LÚPUS ERITEMATOSO SISTÊMICO 

 

A hipertensão é considerada um fator de risco maior para progressão de 

doenças renal, vascular e cardíaca. Numerosos estudos evidenciam a alta prevalência de 

hipertensão em mulheres com LES, chegando a 70% (BUDMAN; STEINBERG, 1976; 

PETRI, 2000; AL-HERZ et al., 2003; RAMOS-CASALS et al., 2007). Em contraste, a 

prevalência de hipertensão em mulheres jovens que não têm LES é de 2,7% entre 20 e 34 

anos de idade e 14% entre 35 e 44 anos de idade (ANONYMOUS, 2007). Apesar da forte 

evidência para a alta prevalência de hipertensão arterial em indivíduos com LES, estudos 

sobre os mecanismos envolvidos no processo da hipertensão no LES ainda são escassos.  

O mecanismo que explica a hipertensão, em grande parte, é a disfunção 

endotelial levando a resistência vascular periférica, alteração no volume sanguíneo e 

variações na frequência cardíaca. No LES, há também relatos de um possível papel do sistema 

imunitário e da inflamação crônica no desenvolvimento de hipertensão (BLAKE et al., 2003; 

BOOS; LIP, 2006), sendo provável que as citocinas inflamatórias desempenhem um papel 

central na sua patogênese. Além disso, semelhante a todas as formas de hipertensão 

estudadas, a função renal alterada desempenha papel importante e é negativamente afetada 

pela inflamação crônica (RYAN, 2009). 

Assim, vários processos patológicos associados ao LES podem influenciar a 

patogênese da hipertensão, como as alterações renais (RYAN; McLEMORE Jr; HENDRIX, 

2006), a disfunção endotelial (WILLIAMS et al., 2002), as alterações endócrinas e 

metabólicas (DZAU; RE, 1994), o EO (LASSEGUE; GRIENDLING, 2004; MANNING; 

TIAN; MENG, 2005) e as citocinas pró-inflamatórias (RUDDY et al., 2004; SESSO et al., 

2007; HARRISON et al., 2010). Portanto, há várias vias possíveis para o desenvolvimento da 

hipertensão no LES, sendo que as pesquisas desenvolvidas até o momento tem investigado 

principalmente as alterações na resistência periférica e volume sanguíneo (disfunção 

endontelial), e também os envolvimentos inflamatórios e renais (Fig.1).  
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Figura 1 - Diagrama das possíveis vias envolvidas na hipertensão em pacientes com 
LES. SRA, sistema renina-angiotensina; RVR, resistência vascular renal; FSR, 
fluxo sanguíneo renal; 

 
PPAR- γ, receptor proliferador ativado de peroxissoma-γ; ERO, espécies reativas de oxigênio; ET-1, endotelina-
1.   
Fonte: Adaptado de Ryan e Yanai (YANAI et al., 2008; RYAN, 2009). 

 

Os pacientes com LES dispõem hoje de considerável arsenal de 

medicamentos para tratamento de sua doença, incluindo antiinflamatórios não esteróides, 

corticosteróides e outros imunosupressores, antimaláricos, imunoglobulina endovenosa e 

anticorpos anti-CD20, podendo ainda ser realizado, nos casos aplicáveis, o transplante de 

medula óssea. Como conseqüência direta do aumento do conhecimento e das possibilidades 

de tratamento de pacientes com LES, a sobrevida desses pacientes tem aumentado 

consideravelmente nos últimos 40 anos, levando ao aparecimento e reconhecimento de novas 

causas de morbidade e mortalidade, entre elas a doença aterosclerótica (TELLES et al., 2007). 

Alguns estudos demonstram um aumento da morbidade e mortalidade no 

LES e a causa pode ou não estar relacionada com a própria doença. Em um estudo realizado 

na Europa, Cerveza e colaboradores (2003) avaliaram a mortalidade dos pacientes com LES 

durante 10 anos e constataram que durante os primeiros 5 anos houve aumento da mortalidade 

ocasionada, principalmente, pela atividade da doença e infecções (29% cada), enquanto que 

após 5 anos, as mortes estavam relacionadas à distúrbios cardiovasculares (26%).  
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Petri (2000) relata que, embora a mortalidade aguda esteja declinando, há 

muitos pacientes que morrem prematuramente e a causa de morte em pacientes com tempo de 

duração da doença superior a 5 anos é a doença arterial coronariana (DAC).  

No Framingham Offspring Study, mulheres com LES em idade entre 35 a 

44 anos apresentaram 52 vezes mais risco de infarto do miocárdio do que mulheres saudáveis 

de idade similar (MANZI et al., 1997). De modo semelhante, um estudo na Suécia, avaliou 

4700 indivíduos e mostrou uma razão de morte por DAC de 15,9 vezes em pacientes com 

LES (BJORNADAL et al., 2004), sendo as principais causas os danos vasculares e o perfil 

lipídico alterado (NUTTALL et al., 2003). 

A SM é um transtorno complexo representado por um conjunto de fatores 

de risco cardiovascular, usualmente relacionados à deposição central de gordura e à 

resistência periférica à ação da insulina (REAVEN, 1988).   

Os fatores de risco cardiovascular presentes na SM incluem obesidade 

central, dislipidemia, pressão arterial elevada e distúrbio no metabolismo de glicose. A SM é 

um preditor independente de morbidade e mortalidade cardiovascular (FORD et al., 2002; 

REILLY; RADER, 2003; KIP et al., 2004). Reaven, em 1988, denominou a doença com o 

termo "síndrome X" para descrever a associação entre a RI, diabetes mellitus tipo 2, 

hipertensão arterial e doenças cardiovasculares e, em 1998,  a primeira definição formal da 

SM foi proposta pela Organização Mundial da Saúde (OMS) (ALBERTI et al., 1998).  

Outra definição para classificação de SM foi proposta pelo “Executive 

Summary of the Third Report of the National Cholesterol Education Program” (NCEP) 

“Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in Adults” 

(ATPIII) em 2001 (JACOBS JR, 2001). De acordo com esta definição, o diagnóstico de SM 

seria estabelecido quando pelo menos 3 dos 5 critérios descritos no quadro 1 estiverem 

presentes. 
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Quadro 1 - Definição de Síndrome Metabólica  segundo Adult Treatment Panel III (ATP III)  
Devem estar presentes pelo menos 3 dos 5 components abaixo descritos:  

Glicose de jejum ≥ 100 mg/dL 

Circunferência abdominal (CA) 

    Homens > 102 cm  

    Mulheres > 88 cm  

Triacilglicerol ≥ 150 mg/dL 

HDL colesterol  

    Homens < 40 mg/dL 

    Mulheres < 50 mg/dL 

Pressão arterial ≥ 130/85 mm Hg (ou uso de anti-hipertensivos) 

Fonte: Adaptado de Reaven, 2006. 

 

Estudos em diferentes populações, como a mexicana, a norte-americana e a 

asiática, revelam prevalências elevadas de SM entre 12,4% a 28,5% em homens e 10,7% a 

40,5% em mulheres, variando de acordo com o critério utilizado e as características da 

população estudada (GILES, 2003; AGUILAR-SALINAS et al., 2004; FORD; OH et al., 

2004; HU et al., 2004). 

Na população brasileira, alguns estudos têm descrito uma prevalência de 

SM entre 10 a 40%, sendo maior entre as mulheres, em torno de 30%, do que em homens, em 

torno de 20% (BARBOSA et al., 2006; SOUZA et al., 2003; OLIVEIRA et al., 2006; 

VELASQUEZ-MELENDEZ et al., 2007). 

Em um estudo de revisão, os autores mostraram alta prevalência de SM em 

pacientes com LES em países desenvolvidos, variando de 18 a 38,2% (PARKER; BRUCE, 

2010). No Brasil, embora os estudos ainda sejam escassos, os dados parecem não ser muito 

diferentes e relatam prevalência em torno de 20 a 32% (VILAR et al., 2006; TELLES et al., 

2010). Nosso grupo, em um estudo anterior, demonstrou uma freqüência de 41% de SM, de 

acordo com os critérios do ATP III, em pacientes com LES atendidos no Hospital 

Universitário (HU) de Londrina, Paraná, Brasil (LOZOVOY et al., 2011a). A inflamação 

parece ter um papel importante no desenvolvimento da SM e tem sido demonstrada uma 

associação direta entre o processo inflamatório e a RI (FESTA et al., 2000), sendo este um 

dos possíveis elos para explicar a associação entre LES e SM. Além disso, o tratamento com 

corticosteróides pode também favorecer o desenvolvimento de SM em pacientes com LES 

(KARP et al., 2008). 

Parker e Bruce (2010) descreveram aumento do risco cardiovascular em 
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pacientes com LES quando estes apresentavam concomitantemente SM. Vários outros autores 

corroboraram esse dado (VILAR et al., 2006; CHUNG et al., 2007; VADACCA et al., 2009), 

enquanto Chung et al (2009) encontraram uma prevalência de 44,1% de RI em pacientes com 

LES. 

Assim, a RI e a SM são fortes candidatos a justificar o aumento da DAC em 

pacientes com LES. Além disso, vários estudos têm demonstrado que pacientes com LES 

apresentam RI mais grave em comparação com a população geral (EL-MAGADMI et al., 

2006; SADA et al., 2006; CHUNG et al., 2007). 

Além de obesidade e RI, os indivíduos com SM também apresentam 

importante disfunção endotelial e aceleramento da aterosclerose. Vários fatores têm sido 

associados ao desenvolvimento da SM, tais como: 1) EO, 2) adiposidade visceral e produção 

desequilibrada, pelo tecido adiposo, de citocinas pró e antiinflamatórias (adiponectina) 

resultando em inflamação de baixo grau, 3) a diminuição da biodisponibilidade do NO 

resultando em disfunção endotelial e 4) hiperuricemia. Sabe-se que a inflamação é uma 

manifestação do EO e as vias que geram os mediadores inflamatórios, tais como moléculas de 

adesão e interleucinas, são também induzidas pelo EO. A ativação do processo inflamatório 

pode resultar, por sua vez, em mais EO (WILLIAMS et al., 2002; CERIELLO; MOTZ, 2004; 

DANDONA et al., 2005, LOZOVOY et al, 2011 b). Portanto, a RI, o EO e o NO parecem ser 

fatores comuns para o desenvolvimento da SM no LES. 
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2 JUSTIFICATIVAS 

 

Assim, considerando que, até o momento, não é do nosso conhecimento 

trabalhos na literatura que tenham verificado:  

 

1º) A freqüência de RI em pacientes com LES na população brasileira; 

2º) A diferença de freqüência de RI em pacientes com LES em atividade ou não;  

3º) A freqüência de hipertensão arterial em pacientes com LES em atividade ou não;  

4º) A avaliação concomitante dos possíveis fatores que interferem no aumento da pressão 

arterial em pacientes com LES em atividade ou não. 

5º) A associação entre o EO e o metabolismo de ferro em pacientes com RI e LES. 

 

O presente trabalho tem como objetivos: 
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3 OBJETIVOS 

 

3.1 OBJETIVO GERAL 

 

Avaliar a freqüência de resistência à insulina (RI) e hipertensão arterial em 

pacientes com LES em atividade ou não, sem comprometimento renal, e verificar os possíveis 

fatores envolvidos. 

 

3.2 OBJETIVOS ESPECÍFICOS 

 

a) Determinar a frequência de RI em indivíduos controles saudáveis e em pacientes com LES  

b) Verificar se a atividade da doença aumenta a frequência e a razão de chance (Odds Ratio) 

de pacientes com LES apresentarem RI e síndrome metabólica. 

c) Avaliar os marcadores lipídicos e protêicos de EO, os níveis séricos de NOx e o estado 

antioxidante em indivíduos controles saudáveis e em pacientes com LES. 

d) Verificar o envolvimento da resposta imune Th1/Th2/Th17 na hipertensão arterial em 

indivíduos controles saudáveis e em pacientes com LES em atividade ou não.  

e) Avaliar o metabolismo de ferro em indivíduos controles saudáveis e em pacientes com LES 

f) Verificar se a presença de RI aumenta o EO em pacientes com LES. 

g) Verificar se há associação entre as alterações no metabolismo de ferro, o EO e a RI em 

pacientes com LES.  
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4 TRABALHOS DESENVOLVIDOS 

 

Foram desenvolvidos 3 artigos científicos para apresentar e discutir os 

resultados obtidos. Esses artigos foram formatados de acordo com as instruções para autores 

determinadas pelos periódicos científicos “LUPUS” (artigo 1), “Journal of Translational 

Medicine” (artigo 2) e “Journal of Scandinavian Rheumatology” (artigo 3). Essas normas 

estão no anexo 4.  

 

Artigo 1: INCREASED INSULIN RESISTANCE AND METABOLIC SYNDROME 

FREQUENCY IN BRAZILIAN PATIENTS WITH SYSTEMIC LUPUS 

ERYTHEMATOSUS: COMPARISON BETWEEN ACTIVE AND INACTIVE 

DISEASE 

 

Artigo 2: INFLUENCE OF TH1/TH2/TH17 CYTOKINES LINEAGE, NITRIC OXIDE, 

OXIDATIVE STRESS, AND INSULIN RESISTANCE ON BLOOD PRESSURE IN 

ACTIVE AND INACTIVE SYSTEMIC LUPUS ERYTHEMATOSUS PATIENTS 

WITHOUT NEPHRITIS  

 

Artigo 3: RELATIONSHIP BETWEEN IRON METABOLISM, OXIDATIVE STRESS 

AND INSULIN RESISTANCE IN PATIENTS WITH SYSTEMIC LUPUS 

ERYTHEMATOSUS  
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4.1 ARTIGO 1: INCREASED INSULIN RESISTANCE AND METABOLIC SYNDROME FREQUENCY 

 IN BRAZILIAN PATIENTS WITH SYSTEMIC LUPUS ERYTHEMATOSUS: COMPARISON 

 BETWEEN ACTIVE AND INACTIVE DISEASE 

 

Marcell Alysson Batisti Lozovoy1, Andréa Name Colado Simão2*, Eloisa da Silva2, Diego 

Lima Petenucci2, Tatiana Mayumi Veiga Iryioda3, Helena Kaminami Morimoto2, Rubens 

Cecchini4, Isaias Dichi3 

 

Insulin resistance and metabolic syndrome in lupus 

 

ABSTRACT 

Patients with systemic lupus erythematosus (SLE) have higher insulin resistance and 

metabolic syndrome prevalence than the general population. However, to date, insulin 

resistance and metabolic syndrome prevalence in active and inactive disease have not been 

reported. The objectives of this study were to verify the prevalence of insulin resistance and 

metabolic syndrome in Brazilian patients with SLE and to analyze whether disease activity 

interferes with the aforementioned conditions. The study included 130 controls and 74 SLE 

patients. SLE patients were divided in active (36 patients) and inactive (38 patients) disease. 

Insulin resistance prevalence measured by HOMA-IR (Homeostasis Model Assessment - 

Insulin Resistance) was verified in 38 (51.35%) patients with SLE and in 38 (29.23%) 

controls (p=0.0017, OR: 2.556, IC 95%: 1.413-4.621), whereas MetS prevalence measured by 

ATP-II (Adult Treatment Panel III) was observed in 25 (33.78%) patients with SLE and in 17 

(13.08%) controls (p<0.0001, OR=4.644, CI 95%: 2.644-9.625). Insulin resistance was 

verified in 23 (63.89%) patients with active SLE and in 15 (39.47%) patients with inactive 

SLE (OR: 2.781, IC 95%: 1.568-4.932, p=0.0004), whereas 15 (41.67%) patients with active 

SLE met the criteria for metabolic syndrome compared with 10 (26.32%) with inactive SLE 

(OR: 2.061, IC 95%: 1.133-3.748, p=0.0169). Body mass index and corticosteroids use 

significantly increased in the active group. This study reinforces the higher risk for 
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developing insulin resistance and metabolic syndrome in patients with SLE, especially in 

those with active disease, and support the role of insulin resistance and corticosteroid use as 

the main links between disease activity and metabolic syndrome. 

Key Indexing Terms: systemic lupus erythematosus, insulin resistance, metabolic syndrome, 

glucocorticoids.   

 

INTRODUCTION 

Systemic Lupus Erythematosus (SLE) is an autoimmune disease characterized by 

multisystem organ involvement and by high titers of autoantibodies against several nuclear 

and cytoplasmatic antigens.1  

Whereas the impact of infections and active disease on mortality has diminished 

dramatically over the years, due to intensive treatment, cardiovascular disease (CV) has 

emerged as the leading cause of death in these patients.2 Increased risk of coronary heart 

disease (CHD) in SLE is not explained by the classic CHD risk factors.3-6  

Reaven7 have proposed the concept of metabolic syndrome (MetS) in 1988. Since 

then, many researchers believe that insulin resistance is the pathophysiological process 

underlying the clustering of CV risk factors in MetS and that insulin resistance increases the 

values of clinical diagnosis of MetS.8-11 Therefore, insulin resistance and MetS are clearly 

strong candidates to justify the increase in CHD in patients with SLE. 

Several studies have demonstrated that SLE patients have more severe insulin 

resistance compared with the general population.6,12-14 Insulin resistance may contribute to the 

pathogenesis of MetS through hyperglycemia, compensatory hyperinsulinemia, and 

imbalanced insulin action. Among them, hyperinsulinemia seems to be the most important 

factor.15 Chung et al.13 found a prevalence of 44.1% of insulin resistance in patients with SLE. 

Several studies have also shown high MetS prevalence in patients with SLE in developed 

countries. MetS classification in patients with SLE, according to National Cholesterol 

Educational Program (NCEP ATP-III), showed a prevalence of 16% in Netherlands16, from 

17% to 20% in Spain17,18, 18% in the United Kingdom6, and 29.4% and 32.4% in the United 

States13, when the authors used NCEP ATP-III or World Health Organization (WHO) 

classification, respectively. The later classification requires direct determination of insulin 

resistance.19 In Italy20, also using World Health Organization (WHO) classification, it was 
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found a prevalence of 28%. In Latin American countries, this scenario is not very different, 

and MetS classification according to American Heart Association/National Heart, Lung, and 

Blood Institute (AHA/NHLBI) showed a prevalence which ranged from 28.6% in Argentina21 

to 38.2% in Puerto Rico.22 In Brazil, a South American emerging country with a continental 

dimension, the classification according to NCEP ATP-III reports have found a prevalence of 

20% in Northeast23, and 32.1% in Southeast.24 

There are several mechanisms by which higher severity and frequency of insulin 

resistance in SLE patients could be explained, such as obesity, inflammatory markers, and the 

medication to treat SLE patients, especially glucocorticoids. However, studies, which have 

focused on lupus disease activity, another mechanism that could contribute to insulin 

resistance and MetS, have been scarce and controversial. We are aware of only one study with 

SLE pediatric patients in which they were classified in active and inactive disease.25 On the 

other hand, association between MetS and disease activity has been reported in some 

reports16,18,24, but not in others.6,13 

  Although some studies have verified a correlation between insulin resistance and 

metabolic syndrome with disease activity, little is known about disease activity participation 

in those two conditions. Therefore, the objectives of the present study were to verify the 

prevalence of insulin resistance and MetS in patients with SLE and to analyze whether disease 

activity is associated with the aforementioned conditions.  

 

SUBJECTS AND METHODS 

Subjects 

The study included 204 subjects. One hundred and thirty healthy individuals were 

selected among blood donors of the Blood Bank of the University Hospital of Londrina and 

74 patients with SLE were selected among the ambulatory of Rheumatology of the University 

Hospital of Londrina, Paraná, Brazil, to participate in the study. They were paired by sex, age, 

ethnicity, and body mass index (BMI). Systemic Lupus Erythematosus was diagnosed using 

the American College of Rheumatology (ACR) 1997 revised criteria26. Patients with SLE 

were also divided in two groups: with active disease (n=36) or inactive disease (n=38). The 

following parameters were used to classify SLE as active: SLE Disease Activity Index 

(SLEDAI) score ≥ 6 27, and/or decreased C3 (<90mg/dL) and/or decreased C4 complement (< 
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10 mg/dL), and/or positive anti-dsDNA (titre ≥ 1/10).28,35 MetS was defined following the 

Adult Treatment Panel III criteria29, when three of the following five characteristics were 

confirmed: 1) Abdominal obesity: waist circumference ≥ 102 cm in men and ≥ 88 cm in 

women; 2) Hypertriglyceridemia ≥ 150 mg/mL; 3) Low levels of HDL cholesterol:  ≤ 40 

mg/dL in men and ≤ 50 mg/dL in women; 4) High blood pressure: ≥ 130/85 mmHg; and 5) 

High fasting glucose: ≥ 110mg/dL or use oh hypertensive drugs.  

Information on lifestyle factors and medical history were obtained at clinical 

evaluation. Disease duration, organ involvement, values of C3 and C4 complement, anti-

double-stranded DNA (anti-dsDNA), and use of non-steroidal anti-inflammatory drugs, 

corticosteroids, antimalarials, oral contraceptives, and antihypertensive medications were 

recorded for each patient. All patients were receiving prednisone at the time of inclusion, thus 

predinisone-equivalent calculation was not required. They had been taking the same 

prednisone dose at least for the past 4 months. No patient with SLE presented proteinuria. 

Nutritional status of patients was similar to that of the control group. None of the subjects 

were receiving a specific diet. The individuals of both groups did not drink alcohol regularly. 

None of the participants in the study presented heart, thyroid, renal, hepatic, gastrointestinal 

or oncological diseases, and none were receiving estrogen replacement therapy, drugs for 

hyperlipidemia, hyperglycemia or antioxidant supplements. All patients gave written 

informed consent, and the study protocol was fully approved by the Ethical Committee of the 

University of Londrina (Paraná, Brazil). 

Anthropometric and Blood Pressure Measurements 

Body weight was measured to the nearest 0,1 kg by using an electronic scale, with 

individuals wearing light clothing, but no shoes, in the morning.; height was measured to the 

nearest 0,1 cm by using a stadiometer. Body mass index was calculated as weight (kg) divided 

by height (m) squared. Three blood pressure measurements taken with a minute interval 

between them after the subject had been seated were recorded. The mean of these 

measurements was used in the analysis.30 We considered the current use of antihypertensive 

medication as an indication of high blood pressure. 

 

Biochemical and Immunological Biomarkers 

 After fasting for 12 hours, the patients underwent the following laboratory blood 

analysis: glucose, total cholesterol, HDL cholesterol, LDL cholesterol, triacylglycerol, uric 
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acid, evaluated by a biochemical auto-analyzer (Dimension Dade AR Dade Behring, 

Deerfield, IL, USA), using Dade Behring kits; Plasma insulin levels were determined by 

plasma insulin levels were determined by chemiluminescence microparticule immunoassay 

(Architect, Abbott Laboratory, Abbott Park, IL, USA). The homeostasis model assessment 

insulin resistance (HOMA-IR) was used as a surrogate measurement of insulin sensitivity31. 

HOMA-IR = insulin fasting (µU/ml) X glucose fasting (nmol/L) / 22.5. Insulin resistance was 

considered when HOMA-IR ≥ 2.114.32  

Serum complement factors C3 and C4 levels and hsCRP (highly sensitive CRP) were 

measured using a nephelometric assay (Behring Nephelometer II, Dade Behring, Marburg, 

Germany). Serum TNF-α, IL-6 and adiponectin levels were measured by a sandwich enzyme-

linked immunosorbent assay (ELISA) using a commercial immunoassay (R&D System). 

Anti-double-stranded DNA (anti-dsDNA) antibodies were determined by immunoflurescence 

using Crithidia lucilliae kinetoplast assay (Obelis S/A, Brussels, Belgium). 

 

Statistical analysis 

Distribution of sex, race, and smoking was analyzed with Fisher’s exact test or chi-

square test.  Comparisons between patients with active or inactive SLE were done using the 

Mann-Whitney test and data were expressed as the median (25-75 percentiles). Correlations 

were evaluated by Spearman’s rank correlation. It was performed a multivariate regression 

analysis with a view to determining which variables showed the strongest relationship with 

activity disease. The results were considered significant when p<0.05. A statistical analysis 

program (Graph Pad Prism version 4.0) was used for evaluations. 

 

RESULTS 

Clinical characteristics of the patients with SLE are shown in table 1. The majority of 

patients did not present clinical signs and symptoms of disease. In relation to the control 

group, patients with SLE presented significantly higher systolic (p=0.006) and diastolic 

(p=0.0007) blood pressure, triacylglycerol (p=0.039) levels, insulin (p<0.0001) levels, and 

HOMA-IR (p=0.0006), and significantly lower blood glucose levels (p=0.017) (Table 2). 

Patients with SLE and the control group had no differences in WC, and serum total 

cholesterol, HDL cholesterol, LDL cholesterol, hsCRP, and adiponectin concentrations (Table 
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2).  

Insulin resistance prevalence was verified in 51.35% in patients with SLE and 29.23% 

in the control group (p=0.0017, OR: 2.556, IC 95%: 1.413-4.621), whereas MetS prevalence 

was 33.78% in patients with SLE and 13.08% in the control group (p<0.0001, OR=4.644, CI 

95%: 2.644-9.625) (Figure 1).  

Patients with active or inactive disease were paired by gender, age, and ethnicity. 

Patients with active disease had higher BMI (p=0.003) and WC (p=0.035) when compared to 

control subjects. Multivariate analysis showed association between BMI and disease activity ( 

p=0.0184), but not with WC. As expected, patients with active SLE were taking higher 

prednisone doses (p=0.041), had higher SLEDAI score (p<0.0001), and presented serum C3 

(p<0.0001) and C4 (p=0.0002) lower concentrations (Table 3). Patients with active SLE 

presented significantly higher serum insulin concentration (p=0.048) and HOMA-IR 

(p=0.030) and a trend to lower blood glucose levels (0.058) compared with those patients with 

inactive SLE. There were no differences between the groups with regard to systolic and 

diastolic blood pressure, triacylglycerol, total cholesterol, HDL cholesterol, and LDL 

cholesterol concentrations (Table 3). 

Insulin resistance was verified in 63.89% patients with active SLE and in 39.47% 

patients with inactive SLE (OR: 2.781, IC 95%: 1.568-4.932, p=0.0004) (Figure 2), whereas 

41.67% patients with active SLE met the criteria for metabolic syndrome compared with 

26.32% with inactive SLE (OR: 2.061, IC 95%: 1.133-3.748, p=0.0169) (Figure 2).  

In relation to the inflammatory markers, patients with active SLE had higher CRP 

concentration (p=0.030) than patients with inactive SLE (Table 3). There were no differences 

between the groups in α1 acid glycoprotein, IL-1, IL-6, TNF-α and adiponectin 

concentrations. Also, IL-1, IL-6, and TNF-α concentrations were not associated with any 

disease activity parameter (data not shown). However, adiponectin concentration was directly 

correlated with daily prednisone doses (r=0.437, p=0.018) in active SLE patients (figure 3). 

 

DISCUSSION 

The major findings of the current study are that patients with SLE have an increased 

risk for developing insulin resistance (2.5 times) and MetS (4.6 times) than a control group. In 
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addition, even a mild to moderate activity in patients with SLE is associated with an increased 

risk for developing insulin resistance (2.8 times) and MetS (2.1 times) compared with inactive 

SLE patients. The data from the present study permit to suggest that disease activity shown by 

increased SLEDAI score and decreased serum C3 and C4 levels has also an important role in 

the development of insulin resistance in SLE patients.       

Although previous studies that have also demonstrated enhanced levels of fasting 

insulin6,12-14, enhanced prevalence of insulin resistance13, and MetS19  in SLE patients, to our 

knowledge the present study showed the highest prevalence of MetS in patients with SLE to 

date. The higher insulin resistance and MetS prevalence which were found in the present 

study may be explained by the following reasons: firstly, many studies17,18,22 have verified 

that lupus patients was associated with lower income, a finding which was also verified in 

most of our patients. Secondly, as MetS prevalence is increasing over time in the general 

population33, it is likely that it is also increasing in SLE patients.    

Of note, SLE patients presented lower blood glucose levels, but higher insulin and 

HOMA-IR levels in relation to control subjects. The same trend was observed when active 

SLE patients were compared to inactive SLE patients. It can be assumed that metabolic 

derangement in these patients with inactive or lupus with mild activity are in an initial phase, 

as increased insulin production is still sufficient to maintain blood glucose levels within 

normal range, although insulin resistance shown by HOMA-IR seems to be established. 

Noteworthy, differently from insulin resistance results which showed higher levels in active 

disease, all components of NCEP ATP-III classification used in the present study were not 

different in active or inactive disease despite a higher MetS prevalence, showing the 

importance of insulin resistance in the development of  these components. Our data are in 

accordance with Reilly et al.11 who suggested the use of biomarkers of insulin resistance in 

addition to ATP-III criteria in assessing CV risk. 

The present study is in accordance with previous studies, which also have found an 

association between lupus disease activity and MetS. This association has been shown with 

SLEDAI score22,24,34, whereas with serum C3 levels, it has been demonstrated inverse18 and 

direct association16 with MetS. This apparent paradox can be explained because serum C3 and 

C4 levels may, in some circumstances, act as an acute-phase reactant protein35. On the other 

hand, no association between SLE activity and MetS was found by others authors6,13 

It has been proposed that obesity32, corticosteroid therapy36, and chronic inflammatory 



 44

process37,38 are involved in MetS found in SLE patients. BMI and WC were higher in active 

disease when compared with inactive disease and multivariate analysis confirmed the 

association between BMI and disease activity. These data suggest that increased body mass 

probably due to glicocorticoids use also contributes to increased risk of developing metabolic 

syndrome in active disease. 

The association between glucocorticoids and MetS is controversial. Several reports 

have shown association between prednisone use above 10 mg/d and MetS22,33,39 or with 

intravenous prednisolone16. However, other reports have not found any association6,13,24. In 

between, Posadas-Romero et al.25 found that prednisone explained 15.6% in the variance of 

insulin levels.  

Roman et al.5 have demonstrated an association between atherosclerosis and less 

immunosuppressive therapy arguing strongly on the importance of chronic inflammation in 

SLE patients. Cytokines levels are elevated both in active and inactive periods of SLE, 

indicating that there is a low-grade chronic inflammation, which can be increased during 

exacerbation in SLE38. Systemic chronic inflammation has been proposed to have a prominent 

role in the pathogenesis of insulin resistance37,38. The proinflammatory state induces insulin 

resistance, leading to clinical and biochemical manifestations of the MetS. The resistance to 

insulin action promotes further inflammation through an increase in free fatty acids 

concentration and interferes with the anti-inflammatory effects of insulin40. Inflammatory 

cytokine TNF-α can induce insulin resistance and suppression of Glut4 expression. IL-6 also 

inhibits insulin signal transduction in hepatocytes15. It was not verified any difference in 

active and inactive SLE patients in pro inflammatory cytokines. Furthermore, in the current 

study, none cytokine was correlated with disease activity markers (data not shown). Serum 

TNF-α and IL-6 concentrations, among others, have been reported to relate to disease activity 

in SLE, in special in patients with lupus nephritis41. In the present study, none patient had 

lupus nephritis and in active SLE group (median SLEDAI score 4) most patients had mild 

active disease status. In addition, patients with active disease were taking higher daily 

prednisone doses than inactive patients, which could favor the similar data observed in 

relation to the pro inflammatory cytokines between the groups. Nevertheless, CRP showed 

higher values in active SLE. Other studies have shown association between CRP and 

MetS13,18,42. Besides being considered a predictor of both diabetes mellitus and MetS in the 

general population, higher CRP levels seem to be associated with both increases in SLE 

activity and disease damage indexes19.  
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Adiponectin is an adipokine that has anti-diabetic, anti-inflammatory and anti-

atherogenic effects. Adiponectin acts as an insulin sensitizer and decreases the inflammatory 

response induced by TNF-α.43. Reduction in adiponectin levels has been considered an 

important pathophysiological mechanism associated to insulin resistance, type 2 diabetes 

mellitus, and metabolic syndrome43. Even in SLE, patients with insulin resistance showed 

significantly lower adiponectin levels than patients without insulin resistance12.  In the current 

study, adiponectin levels were not decreased in SLE patients compared to controls, even 

though MetS prevalence was significantly higher in the group of patients with SLE. Also, 

adiponectin concentration did not differ between active and inactive SLE patients. Similarly, 

to our data, Vadacca et al.20 have not found differences in adiponectin levels in SLE patients 

in relation to controls. However, in contrast with this reduction of adiponectin in metabolic 

conditions associated with excess adipose tissue, some reports have shown an increase in 

adiponectin concentration in patients with SLE14,44 as well as in other inflammatory 

conditions45. In the meantime, our data are in agreement with a previous study which has also 

demonstrated a positive correlation between adiponectin and daily prednisone doses.46. Jang 

et al.47 suggested that after dexamethasone, increased levels of adiponectin may be a 

compensatory mechanism in the setting of reduced insulin sensitivity.  

When looking at the results of this study, the following limitations have to be 

considered. First, the adipocytokines were measured only once during the study and multiples 

measurements of adipocytokines over time are likely to provide additional information. 

Second, our population included patients with SLE with relatively low disease activity, and 

therefore, our findings may not be applicable to patients with severe active disease. 

Nevertheless, the main strength of the present study is its original design, which allowed 

investigating for the first time, to our knowledge, the increased risk of moderately active SLE 

patients in developing insulin resistance and MetS when compared with inactive disease 

patients.  

   In conclusion, this study reinforces the higher risk for developing insulin resistance 

and MetS in patients with SLE, especially in those with active disease, and support the role of 

insulin resistance and corticosteroid use as the main links between disease activity and MetS. 

Routine inclusion of simple indices of insulin resistance in SLE patients is strongly suggested 

as well as non pharmacological and pharmacological measures when necessary to improve 

insulin sensitivity. The development of selective anti-inflammatory steroids, less susceptible 

to undesirable metabolic effects, is still awaited.    
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Table 1: Clinical and laboratory profile of patients with SLE 

 SLE Patients 

(n=74) 

Frequency  

(%) 

Disease Duration (years/SD)* 8.5 

 (4.0-12.3) 

--- 

SLEDAI Score* 2 

(0-4) 

--- 

SLEDAI  Score > 6 14 10.4 

Anti-dsDNA Positive 15 11.1 

C3 (<90mg/dL) 13 9.6 

C4 (<10 mg/dL) 5 3.7 

Therapy 

Prednisone 71 95.9 

Antimalarials 44 54.5 

Current Immunosuppressive 22 29.7 

ACE inhibitors 9 12.2 

 

Mann-Whitney test. *Data are expressed median (25%-75%). SLE, Systemic Lupus 

Erythematosus; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; NSAIDs, 

nonsteroidal anti-inflammatory drugs; ACE, angiotensin-converting enzyme 
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Table 2: Clinical and laboratory characteristics of patients with systemic lupus erythematosus 

(SLE) and controls. 

 Control 

(n=130) 

SLE 

(n=74) 

P value 

Gender (male/female)* 

 

9/121 7/67 0.457 

Caucasian/not Caucasian* 

 

106/24 59/15 0.752 

Age (years) 39.0 

(31.0-46.0) 

42.0 

(29.0-51.0) 

0.415 

BMI (kg/m2) 25.00 

(22.91-28.16) 

26.84 

(22.86-30.86) 

0.101 

WC (cm) 90.0 

(84.5-100.0) 

93.0 

(84.0-104.5) 

0.423 

Systolic Blood Pressure 

(mmHg) 

110.0  

(101.0-125.0) 

119.5 

(109.5-130.0) 

0.006 

Diastolic Blood Pressure 

(mmHg) 

71.0 

(65.5-80.0) 

78.0  

(70.5-85.5) 

0.0007 

Triacylglicerol 

(mg/dL) 

93.0 

(68.0-125.0) 

106.0 

(78.0-152.0) 

0.039 

Cholesterol (mg/dL) 196.0 

(173.0-218.0) 

188.0 

(162.0-210.0) 

0.127 

HDL cholesterol (mg/dL) 55.0 

(48.0-66.0) 

53.0 

(45.0-60.0) 

0.197 

LDL cholesterol (mg/dL) 116.0 

(94.5-137.0) 

107.0 

(88.5-127.5) 

0.094 

Glucose (mg/dL) 88.0 

(83.0-95.0) 

84.0 

(80.0-92.5) 

0.017 

Insulin (μU/mL) 7.20 

(5.15-10.40) 

9.90 

(7.30-13.10) 

<0.0001 

HOMA-IR 1.60 

(1.13-2.32) 

2.20 

(1.55-2.96) 

0.0006 

C-reactive protein (mg/dL) 2.07 1.95 0.647 



 52

(0.88-3.88) (0.80-1.95) 

Adiponectin (mg/dL) 6.47 

(4.77-9.17) 

5.95 

(4.21-8.10) 

0.151 

Mann-Whitney test. *Chi-square test. Data are expressed median (25%-75%). SLE, Systemic 

Lupus Erythematosus; BMI, Body mass index; WC, Waist Circunference; HDL, High-density 

lipoprotein; LDL, Low-density lipoprotein; HOMA-IR, Homeostasis Model of Assessment 

Insulin Resistance. 
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Table 3: Disease activity parameters, anthropometric measurements, lipid profile, carboidrate 

metabolism, and insulin resistance and metabolic syndrome prevalence in active and 

inactive SLE patients  

Parameters      Inactive SLE  

(n = 38) 

Active SLE  

(n = 36) 

P value 

Gender (male/female)* 

 

4/34 3/33 1.000 

Caucasian/not Caucasian** 

 

31/7 28/8 0.684 

Disease Duration (years) 7.0 

(4.0-10.0) 

10.0 

(4.75-15.5) 

0.201 

Age (years) 37.0 

(28.5-52.0) 

43.0 

(29.5-50.5) 

0.6188 

BMI (kg/m2) 24.5 

(21.8-27.8) 

28.8 

(26.1-32.9) 

0.003 

WC (cm) 90.0 

(83.0-94.0) 

101.5 

(84.0-107.0) 

0.035 

Antimalarials (Yes/No) 

 

20/18 21/15 0.619 

Prednisone (mg/day) 5.50 

(5.00-15.00) 

12.5 

(7.50-20.0) 

0.041 

SLEDAI 0 

(0-0) 

4 

(2-6) 

<0.0001 

C3 (mg/dL) 121.0 

(113.5-140.5) 

99.2 

(87.7-118.0) 

<0.0001 

C4 (mg/dl) 24.1 

(18.7-28.7) 

15.9 

(13.4-21.3) 

0.0002 

Systolic Blood Pressure 

(mmHg) 

120.0 

(108.5-129.0) 

119.0 

(109.5-132.0) 

0.741 

Diastolic Blood Pressure 

(mmHg) 

78.0 

(70.0-85.0) 

78.5 

(73.0-88.5) 

0.305 

Triacylglicerol 

(mg/dL) 

102.0 

(71.5-144.0) 

123.0 

(85.5-160.0) 

0.114 
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Cholesterol (mg/dL) 193.5 

(168.0-204.5) 

182.0 

(161.0-216.5) 

0.986 

HDL cholesterol (mg/dL) 52.5 

(45.7-68,8) 

52.5 

(43.0-59.0) 

0.593 

LDL cholesterol (mg/dL) 107.0 

(91.5-127.5) 

110.0 

(85.0-133.0) 

0.880 

Glucose (mg/dL) 86.5 

(81.5-94.5) 

83.0 

(80.0-89.0) 

0.058 

Insulin (μU/mL) 8.90 

(7.30-11.20) 

11.50 

(7.25-16.45) 

0.048 

HOMA-IR 1.97 

(1.52-2.31) 

2.43 

(1.59-3.53) 

0.030 

Mann-Whitney test. * Fisher’s exact test . **Chi-square test. Data are expressed median 

(25%-75%). SLE, Systemic Lupus Erythematosus; BMI, Body mass index; WC, Waist 

Circunference; HDL, High-density lipoprotein; LDL, Low-density lipoprotein; HOMA-IR, 

Homeostasis Model of Assessment Insulin Resistance. 
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Table 4: Inflammatory biomarkers in active and inactive SLE patients  

Parameters Inactive SLE  

(n = 38) 

Active SLE 

(n = 36) 

P value 

C-reactive protein (mg/L) 1.155 

(0.675-3.120) 

2.610 

(0.900-7.200) 

0.030 

α1 acid glycoprotein     99.5 

(76.0-128.0) 

108.0 

(83.5-144.5) 

0.305 

Adiponectin (μg/mL) 5.96 

(4.07-9.15) 

5.73 

(4.26-7.57) 

0.798 

IL-6 (pg/mL) 8.20 

(5.20-13.25) 

8.60 

(3.90-18.50) 

0.851 

IL-1 (pg/mL) 2.00 

(2.00-2.00) 

2.00 

(2.00-2.00) 

1.000 

TNF-α (pg/mL) 2.00 

(2.00-2.00) 

2.00 

(2.00-2.00) 

0.443 

 

Mann-Whitney test. Data are expressed median (25%-75%). IL-1, interleukin-1; IL-6, 

interleukin-6; TNF-α, tumor necrosis factor-α 
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Figure 1: Prevalence of Insulin resistance and Metabolic Syndrome in Southern Brazilian 

patients with systemic lupus erythematosus and control subjects. Chi-square test. *OR=2.556 

(CI 95%: 1.413-4.621, p=0.0017). **OR=4.644 (CI 95%: 2.240-9.625, p<0.0001).  
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Figure 2: Frequency of Insulin resistance and Metabolic Syndrome in Southern Brazilian with 

systemic lupus erythemathosus (SLE) active or inactive. Chi-square test. *OR: 2.781 (IC 

95%: 1.568-4.932, p=0.0004); **OR: 2.061 (IC 95%: 1.133-3.748, p=0.0169). 
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Figure 3: Spearman`s correlation between serum adiponectin levels and daily prednisone 

doses in patients Southern Brazilian with active systemic lupus erythematosus (r=0.437, 

p=0.018). 
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4.2.  ARTIGO 2: INFLUENCE OF TH1/TH2/TH17 CYTOKINES LINEAGE, NITRIC OXIDE, 

 OXIDATIVE STRESS, AND INSULIN RESISTANCE ON BLOOD PRESSURE IN ACTIVE AND 

 INACTIVE SYSTEMIC LUPUS ERYTHEMATOSUS PATIENTS WITHOUT NEPHRITIS  

 

Hypertension in lupus. 

 

Marcell Alysson Batisti Lozovoy1, Andréa Name Colado Simão2*, Helena Kaminami 

Morimoto2, Tatiana Mayumi Veiga Iryioda3, Carolina Panis4, Edna Maria Vissoci Reiche2, 

Sueli Donizete Borelli5, Sayonara Rangel Oliveira2, Rubens Cecchini4, Isaias Dichi3 

 

ABSTRACT  

Background: Hypertension is a major risk factor for cardiovascular and renal disease and is 

highly prevalent in women with SLE. The objectives of this study were to investigate several 

factors, which influence hypertension in patients with active (AT) and non-active (NAT) 

systemic lupus erythematosus (SLE) without renal damage. Methods: 102 healthy 

individuals, 70 NAT and 53 AT SLE patients without renal disease were selected. There were 

evaluated TH1/TH2/Th17 cytokines lineage, other proinflammatory cytokines, nitric oxide 

(NO), insulin resistance, and oxidative stress. Comparisons between groups were done using 

the Kruskal-Wallis test with post test of Dunns. Correlations were evaluated by Spearman’s 

rank correlation. SLE AT patients presented higher probability to develop hypertension when 

compared to controls (p<0.0001, OR:4.101, CI 95%: 2.22-7.58) and also when compared to 

NAT SLE patients (p=0.0016, OR: 2.510 CI 95%: 1.408-4.473). SLE patients showed lower 

tumor necrosis factor alpha (TNF-) (p<0.05) and interleukin (IL) 4 levels (p< 0.0001) and 

higher IL-6 (p<0.0001), IL-10 (p< 0.01),  IL-17 (p< 0.0001), and interferon gamma (IFN-γ) 

levels (p< 0.05) than the control group. SLE patients had higher IFN-γ/IL4 ratio (p<0.01)  

than the control group, whereas AT SLE patients showed higher IL-12/IL-4 ratio (p<0.05) 

than controls and NAT patients. SLE AT and NAT patients presented higher hydroperoxydes 
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levels (p<0.05, p< 0.0001, respectively) than controls, whereas serum protein oxidation levels 

were significantly higher in AT SLE patients compared with the control group and also in 

relation to NAT SLE patients (p<0.01, p<0.05, respectively). Total antioxidant capacity was 

significantly lower in NAT SLE than in the control group (p<0.0001). Serum nitric oxide 

metabolites levels were significantly higher in SLE patients in relation to the control group 

(p<0.0001). Systolic and diastolic blood pressure were directly correlated with serum insulin 

levels and HOMA-IR. On the other hand, systolic and diastolic blood pressure were inversely 

correlated with TRAP. In the meantime, nitric oxide had an inverse correlation with IFN-γ/IL-

10 ratio and IFN-γ/IL-4 ratio. The present study showed that patients with AT SLE had more 

probability to develop hypertension than control subjects and patients with NAT SLE and  

this is due to increased Th1/Th2 ratio, pró-inflammatory and oxidative stress. 

 

Key Indexing Terms: systemic lupus erythematosus, hypertension, cytokines, oxidative 

stress, nitric oxide, insulin resistance. 
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BACKGROUND 

 

Systemic lupus erythematosus (SLE) is a systemic chronic inflammatory disorder 

characterized by a wide range of immunological hyperactivity, autoantibody production and 

multi-organ damages [1]. Hypertension is a major risk factor for cardiovascular and renal 

disease and is highly prevalent in women with SLE2. Elevated blood pressure (BP) results 

from  environmental,  genetic, and immunol og ica l  f ac to r s  and from the interactions 

among these factors [2,3]. The importance of the kidneys in the long-term control of blood 

pressure and the pathogenesis of hypertension are well understood and it is estimated that 

almost 50% of patients with SLE is affected by glomerulonephritis [2]. However, SLE is a 

risk factor for hypertension in humans and can occur independently of nephritis [4]. 

It has been suggested that chronic inflammatory process and higher TH1 cytokines 

lineage (interferon gamma, IFN-γ; tumor necrosis factor alpha, TNF-, etc) and its 

predominance over TH2 cytokines lineage (interleukin 4, IL-4; interleukin 10, IL-10) can 

contribute to increasing blood pressure [3]. Moreover, in humans, blood pressure directly 

correlates with circulating inflammatory cytokines such as TNF-, interleukin 6 (IL-6), and 

also with C-reactive protein (CRP) [5]. In the meantime, interleukin 17 (IL-17), a cytokine 

that acts independently of TH1 and TH2 cytokines lineage, has also been considered an 

important mediator of hypertension [3].   

Systemic chronic inflammation has been proposed to have a prominent role in the 

pathogenesis of insulin resistance and MS [6]. Elevated serum concentration of key 

inflammatory cytokines [7] and glucocorticoids [8] use are associated with development of 

insulin resistance [7] and insulin resistance and hyperinsulinemia could also lead to 

hypertension [9].  

Several studies suggest that oxidative stress is important in the pathogenesis of SLE 

[1,10] and is also recognized as an important factor in the pathogenesis of hypertension [3]. 

The mechanism by which oxidative stress promotes hypertension is related to vascular 

dysfunction, renal injury, and increased sodium reabsorption [2].  

Besides the aforementioned factors, it is conceivable that disease activity could also 

have a role in SLE hypertension. However, to date, we are not aware of any study, which have 

analyzed this issue or have investigated all these factors concomitantly. Therefore, the aim of 

this study was to investigate several factors, including cytokines profile, oxidative stress and 
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insulin resistance, which influence hypertension in patients with active and non-active SLE 

without renal impairment.  

 

SUBJECTS AND METHODS 

 

Subjects 

The study included 225 subjects (206 females and 19 males). One hundred and two 

healthy individuals (control group) were selected among blood donors of the University 

Hospital and one hundred and twenty three patients with SLE without renal disease (70 

inactive SLE and 53 active SLE) were selected from among the ambulatory of Rheumatology 

of the University Hospital of Londrina, Paraná, Brazil, to participate in the study. They were 

paired by sex, age, ethnicity, body mass index (BMI), and waist circumference (WC). 

Systemic Lupus Erythematosus was diagnosed using the American College of Rheumatology 

(ACR) 1997 revised criteria [11]. Patients with SLE were also divided in two groups: with 

active disease (n=53) or inactive disease (n=70). The following parameters were used to 

classify SLE as active: SLE Disease Activity Index (SLEDAI) score ≥ 6, and/or decreased C3 

(<90mg/dL) and/or decreased C4 complement (< 10 mg/dL), and/or positive anti-dsDNA 

(titre ≥ 1/10) [10, 12, 13]. Hypertension diagnose was considered when blood pressure ≥ 

130/85 mmHg or when patients were in current use of antihypertensive medication. 

Information on lifestyle factors and medical history were obtained at clinical 

evaluation. Disease duration, organ involvement, values of C3 and C4 complement, anti-

double-stranded DNA (anti-dsDNA), and non-steroid anti-inflammatory drugs, 

corticosteroids, antimalarials, oral contraceptives, and antihypertensive medications were 

recorded for each patient. All patients were receiving prednisone at the time of inclusion, 

thus predinisone-equivalent calculation was not required. They had been taking the same 

prednisone dose at least for the past 4 months. No patient had clinical and laboratorial 

evidence of SLE nephritis. Nutritional status of patients was similar to that of the control 

group. None of the subjects were receiving a specific diet. The individuals of both groups 

did not drink alcohol regularly. None of the participants in the study presented heart, 

thyroid, renal, hepatic, gastrointestinal or oncological diseases, and none were receiving 

estrogen replacement therapy, drugs for hyperlipidemia, hyperglycemia or antioxidant 

supplements. Patients who were taking antihypertensive drugs were not excluded for 

ethical reasons and were allowed to continue taking the same dose of the drugs. This 
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study was conducted according to the guidelines laid down in the Declaration of Helsinki 

and the Ethical Committee of the University of Londrina, Paraná, Brazil approved all 

procedures involving human subjects and patients. Written informed consent was obtained 

from all subjects/patients.  

 

Anthropometric and Blood Pressure Measurements 

Body weight was measured to the nearest 0,1 kg by using an electronic scale, with 

individuals wearing light clothing, but no shoes, in the morning.; height was measured to the 

nearest 0,1 cm by using a stadiometer. Body mass index was calculated as weight (kg) divided 

by height (m) squared. Three blood pressure measurements taken with a minute interval 

between them after the subject had been seated were recorded. The mean of these 

measurements was used in the analysis [14]. 

 

Biochemical and Immunological Biomarkers 

 After fasting for 12 hours, the patients underwent the following laboratory blood 

analysis: uric acid and creatinine were evaluated by a biochemical auto-analyzer (Dimension 

Dade AR Dade Behring, Deerfield, IL, USA), using Dade Behring kits; Plasma insulin and 

homocysteine level were determined by chemiluminescence microparticule immunoassay 

(Architect, Abbott Laboratory, Abbott Park, IL, USA). The homeostasis model assessment 

insulin resistance (HOMA-IR) was used as a surrogate measurement of insulin sensitivity 

[15]. HOMA-IR = insulin fasting (µU/ml) X glucose fasting (nmol/L) / 22.5. Insulin 

resistance was considered when HOMA-IR ≥ 2.114 [16]. 

Serum complement factors C3 and C4 levels and hsCRP (highly sensitive CRP) were 

measured using a nephelometric assay (Behring Nephelometer II, Dade Behring, Marburg, 

Germany). Anti-double-stranded DNA (anti-dsDNA) antibodies were determined by 

immunoflurescence using Crithidia lucilliae kinetoplast assay (Obelis S/A, Brussels, 

Belgium). 

TNF-α, IL-4, interleukin 6 (IL-6), IL-10, interleukin 12 (IL-12), IL-17, IFN-γ and  

adiponectin levels were measured by a sandwich enzyme-linked immunosorbent assay 

(ELISA) using a commercial immunoassay ELISA (Ready-Set Go! Set, e-Bioscience, San 

Diego, California, USA). 
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Oxidative Stress Measurements 

Samples for evaluating oxidative stress and total antioxidant capacity were performed 

with EDTA as anticoagulant and antioxidant. All samples were centrifuged at 3.000 rpm for 

15 minutes and plasma aliquots stored at -70ºC until assayed.   

 

Total radical-trapping antioxidant parameter (TRAP)  

The TRAP was determined as reported by Reppeto et al [17]. This method 

detects hydrosoluble and/or liposoluble plasma antioxidants by measuring the 

chemiluminescence inhibition time induced by 2,2-azobis (2-amidinopropane). The 

system was calibrated with the vitamin E analog TROLOX, and the values of TRAP 

are expressed in equivalent of μM Trolox/mg uric acid.  

 

Tert-butyl hydroperoxide-initiated chemiluminescence (CL-LOOH)  

CL-LOOH in plasma was evaluated as described previously by Flecha et al [18]. The 

results are expressed in counts per minute (cpm).  

 

Determination of Advanced Oxidation Protein Products (AOPP) 

AOPP was determined in the plasma using the semiautomated method described by 

Witko-Sarsat et al [19]. AOPP concentrations were expressed as micromoles per liter 

(umol/L) of chloramines-T equivalents.  

 

Nitric Oxide (NO) 

Serum NO metabolite (NOx) levels were assessed by nitrite (NO2-) and nitrate 

(NO3-) concentration according   to  the  Griess  reaction,  supplemented  by  the  

reduction  of  nitrate  to  nitrite  with cadmium [20]. 

 

Statistical analysis 

Distribution of sex, race, and smoking was analyzed with Fisher’s exact test or chi-

square test.  Comparisons between groups were done using the Kruskal-Wallis test with post 

test of Dunns and data were expressed as the median (25-75 percentiles). Correlations were 

evaluated by Spearman’s rank correlation. The results were considered significant when 

p<0.05. A statistical analysis program (Graph Pad Prism version 4.0) was used for 

evaluations. 
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RESULTS 

 

Clinical and laboratory characteristics of patients with non active (NAT) and active (AT) SLE 

are shown in table 1. The groups did not differ in relation to the frequency of patients using 

antimalarials or antihypertensive drugs. However, the number of patients who were taking 

prednisone was significantly higher in the AT group of patients (p=0.0363), whereas the 

number of patients who were taking immunosuppressive drugs were higher in the NAT group 

(p=0.0077, respectively).  

There were no differences in the control group, NAT and AT SLE with regard to age, 

gender, ethnicity, tabagism, and BMI, creatinine, and uric acid levels. Non active SLE and AT 

SLE had significant increase in diastolic blood pressure (p<0.05 and p<0.0001, respectively), 

insulin levels (p<0.0001) and HOMA-IR ((p<0.0001) when compared to control subjects. In 

addition, AT SLE showed significant increase in systolic blood pressure (p<0.01) and CRP 

(p<0.0001) in relation to the control group. There were no significant differences between 

NAT and ACT SLE patients (Table 2). 

Active SLE patients presented higher prevalence of hypertension when compared to 

controls (p<0.0001, OR:4.101, CI 95%: 2.22-7.58) and also when compared to NAT SLE 

patients (p=0.0016, OR: 2.510 CI 95%: 1.408-4.473) (Figure 1).   

In relation to cytokine profile, NAT and AT SLE patients showed lower (p<0.05) 

TNF- and higher IL-12 (p<0.0001) levels than the control group. On the other hand, the Th1 

cytokine profile NAT and AT SLE patients demonstrated higher IFN-γ (p<0.05) levels than 

the control group. In relation to Th2 cytokine profile, NAT and AT SLE patients showed 

lower (p<0.0001) IL-4 levels than the control group. On the other hand, NAT and AT SLE 

patients demonstrated higher IL-10 and IL-6 levels than the control group (p<0.01, p<0.05, 

and p<0,0001, respectively). NAT and AT SLE patients had higher IFN-γ/IL-4 ratio than the 

control group (p<0.01 and p<0.0001, respectively), whereas AT SLE patients showed higher 

(p<0.05) IL-12/IL-4 ratio than controls and NAT SLE patients. In the meantime, AT and 

NAT SLE patients showed higher (p<0.0001) levels of IL-17, a cytokine that develops 

independently of the TH1 and TH2 lineages, in relation to the control group (Table 3). Non 

active and AT SLE patients also had lower (p<0.05) adiponectin levels than the control group 

(Figure 2). 

With regard to redox state assessment, patients with NAT SLE and AT SLE presented 

higher hydroperoxydes levels than controls (p<0.0001; p<0.05, respectively), whereas serum 
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AOPP levels were significantly higher in AT SLE patients in relation to the control group 

(p<0.01) and also in relation to NAT SLE patients (p<0.05). On the other hand, TRAP 

corrected by uric acid levels was significantly lower in non AT SLE (p<0.0001) than in the 

control group (Table 4). Serum NOx levels were significantly higher in NAT SLE and AT 

SLE in relation to the control group (p<0.0001 and p<0.05, respectively) (Figure 3). 

Spearman’s correlation was performed in SLE patients. Systolic and diastolic blood 

pressure were directly correlated with serum insulin levels (r=0.2069, p=0.0293; r=0.2479, 

p=0.0087, respectively) and HOMA-IR (r=0.2633, p=0.0055; r=0.2733, p=0.0039, 

respectively). On the other hand, systolic and diastolic blood pressure were inversely 

correlated with TRAP (r= -0.2946, p=0.0031; r= -0.3549, p=0.003, respectively). In the 

meantime, nitric oxide had an inverse correlation with IFN-γ/IL-10 ratio and IFN-γ/IL-4 ratio 

(r= -0.3150, p=0.0259; r= - 0.3949; p=0.0024) (figure 4).  

 

DISCUSSION 

The main finding of the present study is that patients with AT SLE have 4.101 and 

2.510 more probability to develop hypertension than control subjects and patients with NAT 

SLE, respectively. In addition, this study showed that increased Th1/Th2 (IFN-γ/IL-4) ratio 

and increased oxidative stress (protein oxidation) are the factors, which influence 

hypertension when patients with AT SLE are compared with patients with NAT SLE without 

renal damage.  

Hypertension is a major risk factor for the progression of renal, vascular, and cardiac 

disease. Our data are in accordance with previous studies, which also demonstrated high 

hypertension prevalence in patients with SLE [21, 22]. Nevertheless, there are no studies, to 

date, that have related hypertension with disease activity. 

 

The role of oxidative stress in SLE hypertension 

The over production of reactive species or impaired scavenging promote oxidative 

stress and is recognized as important in the pathogenesis of hypertension [2]. The evaluation 

of redox state showed that patients with SLE had decreased antioxidant defences and 

increased oxidative stress and serum NOx levels, and that AT SLE patients had higher protein 

oxidative stress than NAT SLE patients. We have previously verified that AT or NAT SLE 

patients did not present increase oxidative stress, however this finding was attributed to the 

increased glucocorticoid consumption in AT SLE patients [10]. Differently, in the present 
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study, there was no difference in glucocorticoid consumption in the SLE groups, what could 

explain the relation found between higher oxidative stress and disease activity. In addition, 

total antioxidant capacity showed an inverse correlation with blood pressure in patients with 

SLE. Thus, it is conceivable to suggest that decrease in antioxidant mechanisms may be an 

important link between the chronic inflammatory process and the development of 

hypertension in SLE patients. 

 

The role of Th1/Th2/Th17 and pro-inflammatory cytokines lineage in SLE hypertension 

The role of Th1, Th2 and Th17 cytokines lineage was assessed in this study and it 

could be verified that NAT and AT SLE patients presented, in general, higher cytokine levels 

in all aforementioned lineages when compared to control subjects. In addition, higher IFN-

γ/IL-4 ratio showed that Th1 predominated over Th2 cytokines lineage. Moreover, increase in 

IL-12/IL-4 ratio showed a pro inflammatory state in patients with AT SLE compared with 

NAT SLE and controls. Our data are in agreement with a previous study, which has also 

shown the increase in both, Th1 and Th2 lineages, in SLE patients in relation to controls, and 

that Th1 profile predominated over Th2 in active SLE patients [23]. It has been demonstrated 

that when Th1 lineage predominates, it can contribute to increased blood pressure [3].     

It has been suggested that is quite likely that TNF- and IL-6 contribute by creating a 

cytokine milieu that promotes hypertension [3]; TNF- antagonist etanercept prevents 

hypertension and vascular dysfuntion in angiotensin II-induced hypertension [24] and others 

authors have shown that it prevents hypertension in frutose-fed rats [25]. In addition, IL-6 has 

also been implicated in angiotensin II-induced hypertension [26]. In the present study, TNF-α 

levels decreased and IL-6 level increased in SLE patients when compared with the control 

group.  This apparent paradox could be explained by some factors. First, serum TNF-α levels 

obtained does not represent the actual concentration of this cytokine locally produced in the 

site of inflammation [27]. Second, the detectable serum level of TNF-α does not take into 

account the membrane-bound form of TNF-α, which is up regulated in many cells, including 

endothelial cells and leukocytes, during an inflammatory process [28]. In addition, Gomez et 

al. [23] similarly to the results found in the present study, verified that TNF- was decreased 

in relation to disease activity, and thus could have an immunosuppressive role in SLE.  

In the meantime, serum IL-17 levels were also elevated in patients with SLE, 

independently of disease activity. IL-17 is a novel cytokine produced by Th17 cells, cytotoxic 

T cells, mast cells, neutrophils and natural killer T cells [29]. IL-17 has been shown to induce 
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chemokines and adhesion molecules in tissues that promote tissue accumulation of other 

inflammatory cells. IL-17 may act synergically with other cytokines, such as TNF-, to 

modulate inflammatory response and both are important to contribute to hypertensive 

phenotype [30]. In the present study, increased IL-17 and IL-6 levels reinforces the hypothesis 

of synergic action between these cytokines, but not with TNF-. Harrison et al. [3] proposed 

that T cells residing in the perivascular fat release cytokines such as IL-17, that diffuse to the 

adjacent vascular smooth muscle cells where they enhance superoxide production, reduce 

endothelium-dependent vasodilatation and promote vasoconstriction.  

 

The link between NO and adiponectin and Th1/Th2 cytokines lineage in SLE 

hypertension 

Numerous   epidemiological   studies   based   on   different   ethnic groups   have   

identified an adiponectin deficiency as an independent risk factor for endothelial 

dysfunction, hypertension, coronary heart disease, myocardial infarction, and other 

cardiovascular complications. Adiponectin has anti-inflammatory effects and augments 

blood flow by enhancing nitric oxide production and activating endothelial nitric oxide 

synthase (eNOS) [31]. NO plays a major role in regulating blood  pressure,  and  its  

deficient  bioavailability  is an  important  component  of  hypertension [32]. NO has been 

considered the principal mediator of vasodilatation caused by endothelial cells. NO is 

synthesized in endothelial cells by endothelial nitric oxide synthase (eNOS) activity, and is 

responsible for vasodilatation and for the maintenance of endothelial function; eNOS is 

expressed constitutively and synthesizes NO in only small amounts under basal conditions. 

However, NO production may also be stimulated by an increase in inducible nitric oxide 

synthase (iNOS) expression provoked, for instance, by oxidative stress or pro-inflammatory 

cytokines. Therefore, iNOS derived NO mediates the inflammatory response and has been 

shown to cause vascular dysfunction in a number of experimental models [33].  

The results of the present study showed increase in NOx levels and oxidative stress, 

decrease in adiponectin levels and higher probability to present hypertension in SLE patients 

in relation to control subjects. It is conceivable that increased NOx level is due to iNOS 

induction by oxidative stress. However, there is a higher NO consumption in oxidative stress 

reactions, with consequent decrease in NO bioavailability [34]. Oxidative redox stress results 

in impaired endothelium-dependent vasodilation with quenching of endothelial nitric oxide 

and allows the endothelium to become a net producer of ROS specifically superoxide as the 

eNOS enzyme uncouples to produce superoxide instead of eNOS [35]. Hypertensive subjects 
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have increased generation of reactive oxygen species (ROS), which scavenge NO, thereby 

reducing NO bioavailability [32]. In addition, our data showed a direct correlation between 

nitric oxide and Th1/Th2 cytokines lineage ratio, suggesting a role of the immunological 

system in the control of NOx levels.  

 

The role of insulin resistance in SLE hypertension 

Elevated serum concentrations of key inflammatory cytokines, such as IL-6 and TNF-

α, are associated with development of IR [7] and hypertension [3]. Hyperinsulinemia and 

insulin resistance could lead to sodium renal tubular absorption, which in turn could provoke 

hypertension [9]. In the present study, patients with SLE had higher insulin levels and 

HOMA-IR than control subjects. In addition, there was a direct correlation between blood 

pressure and serum insulin levels and HOMA-IR. Of note, rosiglitazone, a thiazolidinedione 

class of drug used to regulate glucose levels in insulin-resistant patients, have shown to 

decrease blood pressure in a female mouse model of SLE [36]. 

 

CONCLUSION 

The data of the present study suggest the complex interaction of cytokines, nitric 

oxide, oxidative stress and insulin resistance on blood pressure changes in SLE patients. In 

addition, the main factors, which influenced the higher frequency of hypertension in AT SLE 

patients than in NAT SLE patients were increased Th1/Th2 ratio and increased oxidative 

stress. The present study also showed that patients with AT SLE have more probability to 

develop hypertension than control subjects and patients with NAT SLE. The risk to develop 

hypertension in SLE patients is related to immune system involvement, oxidative stress and 

insulin resistance. At last, this study helps the understanding of the complex physiopathology 

of hypertension in SLE patients and reinforces the possibility of new potential therapeutic 

targets in the treatment of hypertension in systemic lupus erythematosus.   
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Figure Legend 

 

Figure 1: Frequency of hypertension in healthy subject (Cont) and in patients with 

active (AT) or non active (NAT) systemic lupus erythematosus (SLE). Chi-square test.  

**p<0.0001 (OR: 4.101, IC 95%: 2.22-7.58), SLE AT vs Cont; *p=0.0016 (OR: 2.510, IC 

95%: 1.408-4.473) SLE NAT vs SLE AT. 

Figure 2: Plasma adiponectin levels in healthy subject (Cont) and in patients with active 

(AT) or non active (NAT) systemic lupus erythematosus (SLE). Chi-square test. *p<0.05 

when compared with the control group. 

Figure 3: Serum nitric oxide metabolites (NOx) levels in healthy subject (Cont) and in 

patients with active (AT) or non active (NAT) systemic lupus erythematosus (SLE). Chi-

square test. *p<0.0001 when compared with the control group. 

Figure 4: Spearman’ correlation in patients with systemic lupus erythematosus. PAS: 

Systolic Blood Pressure; PAD: Diastolic Blood Pressure; HOMA-IR: homeostasis model 

assessment insulin resistance; TRAP: Total radical-trapping antioxidant parameter; 

IFN-γ: interferon gamma; ; IL10: interleukin 10; IL-4: interleukin 4 

 

 

 

 

 

 

 

 

 

 

 



 75

YES 
NOT

YES 
NOT

YES 
NOT

0

20

40

60

80

100

**

*

SLE AT SLE NAT CONT

H
yp

er
te

n
si

o
n

 (
%

)

Figure 1:  

 

 

 

 

 

 

 

 

 

 

 

 



 76

Cont

SLE N
AT

SLE A
T

0

5

10

15

20

25

*
*

A
d

ip
o

n
ec

ti
n

 (
p

g
/m

L
)

 

Figure 2:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 77

 

 

 

 

 

 

 

 

 

Figure 3:  
Cont

SLE N
AT

SLE A
T

0

50

100

150

*
N

O
x 

(u
M

)
* 

 

 

 

 

 

 

 

 

 

 



 78

 

Figure 4:  

 

 

 

 

 

 

 

 

 

 

 

 



 79

Table 1: Clinical and laboratory characteristics of patients with non active (NAT) and active 

(AT) systemic lupus erythematosus (SLE).  

 NAT SLE 

(n=70) 

AT SLE 

(n=53) 

P 

Disease Duration (years)* 9.0 

(4.0-12.0) 

10.0 

(6.0-15.7) 

0.2260 

SLEDAI Score  6  0 13 ---- 

Anti-dsDNA Positive 0 22 ---- 

C3 (<90mg/dL) 0 13 ---- 

C4 (<10 mg/dL) 0 10  

 

Therapy 

 

Prednisone (Y/N) 64/6 53/0 0.0363 

Prednisone (mg/day)* 10.0 

(5.0-20.0) 

15.0 

(5.6-20.0) 

0.1322 

Antimalarials (Y/N)  38/32 36/17 0.1260 

Current Immunosuppressive 

(Y/N)   

25/45 16/37 0.0077 

Anti-Hypertensive drugs (Y/N) 15/55 18/35 0.1203 

Chi-square test. *Mann-Whitney test. Data are expressed as median (25-75%). 

SLEDAI: systemic lupus erythematosus disease activity index; Y: yes; N: no  

Table 2: Clinical and laboratory characteristics of controls (Cont) and patients with non active 

(NAT) and active (AT) systemic lupus erythematosus (SLE).  
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Table 2: Clinical and laboratory characteristics of controls (Cont) and patients with non active 
(NAT) and active (AT) systemic lupus erythematosus (SLE).  

 

 Cont 

(n=102) 

NAT SLE 

(n=70) 

AT SLE 

(n=53) 

C vs NAT 

SLE 

C vs AT SLE NAT SLE vs 

AT SLE 

Gender (F/M) 92/10 66/4 

 

48/5 NS NS NS 

Caucasian/not 

Caucasian 

81/21 50/20 37/16 NS NS NS 

Smoking/ 

Non smoking 

4/98 2/68 1/52 NS NS NS 

Age (years) 40.0 

(32.0-46.0) 

39.5 

(31.0-52.5) 

43.0 

(30.5-51.0) 

NS NS NS 

BMI (kg/m2) 26.0 

(24.1-29.4) 

26.4 

(23.5-30.9) 

28.8 

(26.1-32.8) 

NS NS NS 

WC (cm) 93.0 

(87.5-101.5) 

94.0 

(85.0-104.5) 

96.8 

(87.3-107.3) 

NS NS NS 

SBP (mmHg) 111.0 

(101.0-126.0) 

120.0 

(110.0-127.8) 

120.0 

(116.0-135.5) 

NS <0.01 NS 

DBP (mmHg) 71.0 

(65.0-80.0) 

80.0 

(70.0-80.0) 

80.0 

(75.0-90.0) 

<0.05 <0.0001 NS 

Creatinine 

 

0.75 

(0.66-0.90) 

0.75 

(0.66-0.90) 

0.69 

(0.64-0.83) 

NS NS NS 

Uric  acid 

(mg/dL) 

3.87 

(3.33-4.73) 

4.24 

(3.31-4.95) 

4.20 

(3.35-4.93) 

NS NS NS 

CRP 

(mg/dL) 

1.99 

(0.88-3.81) 

2.17 

(0.67-6.69) 

4.17 

(1.10-7.22) 

NS <0.05 NS 

Insulin 

(μU/mL) 

7.60 

(5.05-11.60) 

11.30 

(8.10-15.85) 

12.70 

(8.00-20.95) 

<0.0001 <0.0001 NS 

HOMA-IR 

 

1.59 

(1.02-2.68) 

2.40 

(1.60-3.52) 

2.75 

(1.68-4.95) 

<0.0001 <0.0001 NS 

Kruskal-Wallis test with post test of Dunns. Data are expressed as median (25-75%). BMI: 

body mass index; WC: waist circunference; SBP: Systolic Blood Pressure; DBP: Diastolic 

Blood Pressure; CRP: C-reactive protein; HOMA-IR: homeostasis model assessment insulin 

resistance. 
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Table 3: Cytokine profile of controls (Cont) and patients with non active (NAT) and active 

(AT) systemic lupus erythematosus (SLE). 

 Cont 

(n=102) 

SLE NAT 

(n=70) 

SLE AT 

(n=53) 

C vs SLE 

NAT 

C vs SLE 

AT 

SLE NAT 

vs SLE 

AT 

TNF- (pg/mL) 

 

2.00 

(2.00-10.40) 

2.00 

(2.00-4.03) 

2.00 

(2.00-3.40) 

<0.05 <0.05 NS 

IL-6 (pg/mL) 

 

1.00 

(1.00-3.35) 

5.35 

(1.93-11.65) 

4.30 

(2.35-9.85) 

<0.0001 <0.0001 NS 

IL-17 (pg/mL) 

 

2.00 

(2.00-2.00) 

3.90 

(2.00-7.25) 

5.95 

(2.00-7.95) 

<0.0001 <0.0001 NS 

IL-12 (pg/mL) 2.10 

(2.00-2.00) 

2.10 

(2.00-7.15) 

2.0 

(2.00-4.00) 

<0.0001 <0.0001 NS 

IL-10 (pg/mL) 4.50 

(3.30-6.20) 

9.15 

(1.40-18.73) 

10.50 

(1.00-26.30) 

<0.01 <0.05 NS 

IL-4 (pg/mL) 1.00 

(0.70-11.0) 

1.00 

(0.70-2.10) 

0.95 

(0.70-3.60) 

<0.0001 <0.0001 NS 

IFN-γ (pg/mL) 

 

38.25 

(14.63-

258.20) 

242.20 

(14.08-

500.00) 

225.60 

(38.20-382.60) 

<0.05 <0.05 NS 

IL-12/IL-10 0.25 

(0.16-2.42) 

0.26 

(0.19-2.12) 

0.22 

(0.11-2.82) 

NS NS NS 

IL-12/IL-4 3.00 

(2.00-5.21) 

2.93 

(2.00-5.89) 

4.71 

(3.0-7.43) 

NS <0.05 <0.05 

IFN/IL-10 14.62 

(3.37-37.92) 

13.36 

(1.64-36.47) 

14.87 

(6.07-42.85) 

NS NS NS 

IFN/IL-4 31.90 

(13.18-

219.70) 

304.60 

(13.65-

500.00) 

322.20 

(39.36-474.91) 

<0.01 <0.0001 NS 

TNF/IL-10 0.28 

(0.14-2.0) 

0.28 

(0.11-2.00) 

2.00 

(0.07-2.00) 

NS NS NS 

TNF/IL-4 2.86 

(2.00-4.75) 

2.86 

(2.00-4.39) 

2.87 

(2.70-4.75) 

NS NS NS 
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Kruskal-Wallis test with post test of Dunns. Data are expressed median (25-75%). TNF-: 

tumor necrosis factor-α; IL-6: interleukin 6,IL-17: interleukin 17; IL-12: interleukin 12; IL10:  

interleukin 10; IL-4: interleukin 4; IFN-γ: interferon gamma 

 Cont 

 

SLE NAT SLE AT C vs SLE 

NAT 

C vs SLE 

AT 

SLE NAT 

vs  

SLE AT 

Hidroperoxides 

(cpm) 

13690 

(11090-

17480) 

19530 

(12650-

30810) 

17810 

(12260-

24600) 

<0.0001 <0.05 NS 

AOPP (umol/L) 128.5 

(94.9-166.2) 

126.4 

(102.5-156.1)

156.2 

(119.4-201.6)

NS <0.01 <0.05 

TRAP  

(μM Trolox/mg 

UA) 

181.5 

(153.7-213.6) 

146.9 

(124.9-181.6)

161.0 

(136.0-205.1)

<0.0001 NS NS 

Table 4: Oxidative stress and total antioxidant capacity of controls (Cont) and patients with 

non active (NAT) and active (AT) systemic lupus erythematosus (SLE). 

 

Kruskal-Wallis test with post test of Dunns. Data are expressed median (25-75%). AOPP: 

Advanced Oxidation Protein Products; TRAP: Total radical-trapping antioxidant parameter  

 

 

 

 

 

 

 



 83

4.3 ARTICLE 3: RELATIONSHIP BETWEEN IRON METABOLISM, OXIDATIVE STRESS AND 

 INSULIN RESISTANCE IN PATIENTS WITH SYSTEMIC LUPUS ERYTHEMATOSUS 

Ferritin, insulin, and oxidative stress in SLE 

Marcell Alysson Batisti Lozovoy, PhD1, Andréa Name Colado Simão, PhD2*, Sayonara 

Rangel Oliveira, MSc2, Tatiana Mayumi Veiga Iryioda, MD3, Carolina Panis, PhD 4, Rubens 

Cecchini, PhD 4, Isaias Dichi, MD, PhD 5 

 

ABSTRACT 

Objective: The aim of the present study was to assess oxidative stress and iron metabolism in 

SLE patients with and without IR. 

Methods: This study included 236 subjects (125 controls and 111 SLE patients). Patients 

with SLE were divided in two groups: with (n=72) or without (n=39) IR. 

Results: SLE patients with IR showed higher advanced oxidation protein products (AOPP) (p 

= 0,030), and gamma-glutamyltransferase levels (p = 0,001), and lower sulfhydryl groups of 

proteins (p = 0.0002) and total radical-trapping antioxidant parameter (TRAP) corrected by 

uric acid (UA) levels (p = 0.04) when compared to SLE patients without IR. However, SLE 

patients with IR presented lower serum 8-isoprostanes (p = 0.05) and carbonyl protein levels 

(p = 0.04) when compared to SLE patients without IR. Serum ferritin levels were significantly 

higher in SLE patients (p = 0.0006) when compared to controls and SLE patients with IR 

presented higher serum ferritin levels (p = 0.01) compared to SLE patients without IR. 

Patients with SLE showed that IR was inversely correlated to TRAP/UA (r = -0.2724, p = 

0.0008) and serum ferritin was positively correlated with AOPP (r = 0.2870, p = 0.004). 

Conclusion: This study showed that IR increases oxidative stress in patients with SLE and 

that increased ferritin whatever its cause, the inflammatory process per se or 
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hyperinsulinemia, can favor the redox process. Moreover, the preset data reinforce the need of 

measuring oxidative stress with several methodologies with different assumptions. 

 

INTRODUCTION 

Systemic Lupus Erythematosus (SLE) is a systemic autoimmune disease characterized by 

multisystem organ involvement and by high titers of autoantibodies against several nuclear 

and cytoplasmatic antigens. SLE has a strong inflammatory component and consequently 

chronic over-production of reactive oxygen species (ROS) and reactive nitrogen species 

occurs (RNS). [1] Oxidative stress may contribute to immune-cell dysfunction, autoantigen 

production and autoantibody reactivity in SLE. [1] In autoimmune disease, oxidatively 

modified proteins can generate neo-epitopes from self-proteins, causing aggressive 

autoimmune attack. [2] 

Systemic chronic inflammation and oxidative stress has been proposed to have a prominent 

role in the pathogenesis of insulin resistance (IR). [3-5] Several studies have demonstrated 

that SLE patients have more severe IR compared with the general population. [6-8] 

Ferritin and iron homeostasis have also been implicated in the phatogenesis of many diseases, 

including autoimmune disease, insulin resistance and metabolic syndrome. [9-11] Elevated 

ferritin may interfere with hepatic insulin extraction leading to peripheral hyperinsulinemia 

and IR. It is known that liver-mediated insulin resistance is an early consequence of iron-

dependent damage. [12-14] The main function of ferritin is to store intracellular iron in a 

compact, safe way, and make it available when necessary.  This function is due to a very high 

iron binding capacity and its ferroxidase activity, which converts Fe++ to Fe+++. [15] Several 

reports support a role of ferritin as a protectant against oxygen free radical-mediated damage. 

[15] However, observations that superoxide can mobilize iron from ferritin led to the 

suggestion that exposure to oxygen radicals may actually increase the pool of reactive 

(reduced) iron and exacerbate oxidant injury [16]. Moreover, iron catalyzes the formation of 

hydroxyl radicals, which are powerful prooxidants that attack cellular membrane lipids, 

proteins, and nucleic acids. [16] Nevertheless, controversies exist on the functional role of 

ferritin in these conditions, whether pro or antioxidant. 

Therefore, ferritin increased levels are associated with chronic inflammatory process and IR 

and can be involved in the redox imbalance verified in these conditions. To date, relationship 
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between iron metabolism, insulin resistance and oxidative stress evaluated concomitantly has 

not been investigated in the scientific literature on SLE. Our hypothesis was that SLE 

patients with insulin resistance would have higher oxidative stress and ferritin levels than 

SLE patients without insulin resistance and that oxidative stress would be correlated with 

iron metabolism parameters and insulin resistance. Thus, the aim of the present study was to 

assess oxidative stress and iron metabolism in SLE patients with and without insulin 

resistance. 

 

SUBJECTS AND METHODS 

Subjects 

The study included 236 subjects. One hundred and twenty five healthy individuals were 

selected from among blood donors of the University Hospital and 111 patients with SLE were 

selected from among the ambulatory of Rheumatology of the University Hospital of 

Londrina, Paraná, Brazil, to participate in the study. They were paired by sex, age, ethnicity, 

and body mass index (BMI). Systemic Lupus Erythematosus was diagnosed using the 

American College of Rheumatology (ACR) 1997 revised criteria. [17] The following 

parameters were used to classify SLE as active: SLE Disease Activity Index (SLEDAI) [18] 

score ≥ 6 [19], and/or decreased C3 (<90mg/dL) and/or decreased C4 complement (< 10 

mg/dL), and/or positive anti-dsDNA (titre ≥ 1/10).[19] 

Information on lifestyle factors and medical history were obtained at clinical evaluation. 

Disease duration, organ involvement, values of C3 and C4 complement, Anti-double-stranded 

DNA (anti-dsDNA), and non-steroid anti-inflammatory drugs, corticosteroids, antimalarials, 

oral contraceptives, and antihypertensive medications were recorded for each patient. All 

patients were receiving prednisone at the time of inclusion, thus predinisone-equivalent 

calculation was not required. They had been taking the same prednisone dose at least for the 

past 4 months. No patient with SLE presented proteinuria. Nutritional status of patients was 

similar to that of the control group. None of the subjects were receiving a specific diet. The 

individuals of both groups did not drink alcohol regularly. None of the participants in the 

study presented heart, thyroid, renal, hepatic, gastrointestinal or oncological diseases, and 

none were receiving estrogen replacement therapy, drugs for hyperglycemia, statins or 

antioxidant supplements. All patients gave written informed consent, and the study protocol 
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was fully approved by the Ethical Committee of the University of Londrina (Paraná, Brazil). 

Anthropometric Measurements 

Body weight was measured to the nearest 0,1 kg by using an electronic scale, with individuals 

wearing light clothing, but no shoes, in the morning.; height was measured to the nearest 0,1 

cm by using a stadiometer. Body mass index was calculated as weight (kg) divided by height 

(m) squared. 

 

 

Biochemical and Immunological Biomarkers 

After fasting for 12 hours, the patients underwent the following laboratory blood analysis: 

glucose, iron, uric acid, gamma-glutamyltransferase (GGT), alanine aminotransferase (ALT), 

and aspartate aminotransferase (AST) were evaluated by a biochemical auto-analyzer 

(Dimension Dade AR Dade Behring, Deerfield, IL, USA), using Dade Behring kits; plasma 

insulin, ferritin and homocysteine levels were determined by chemiluminescence 

microparticule immunoassay (Architect, Abbott Laboratory, Abbott Park, IL, USA). The 

homeostasis model assessment (HOMA) was used as a surrogate measurement of insulin 

sensitivity [20]. 

HOMA for insulin resistance (HOMA-IR) = insulin fasting (µU/ml) X glucose fasting 

(nmol/L) / 22.5. Insulin resistance was considered when HOMA-IR ≥ 2.11 [21]. 

Serum complement factors C3 and C4 levels were measured using a nephelometric assay 

(Behring Nephelometer II, Dade Behring, Marburg, Germany). Anti-double-stranded DNA 

(anti-dsDNA) antibodies were determined by immunoflurescence using Crithidia lucilliae 

kinetoplast assay (Obelis S/A, Brussels, Belgium). 

 

Oxidative Stress Measurements 

Samples for evaluating oxidative stress and total antioxidant capacity were performed 

with EDTA as anticoagulant and antioxidant. All samples were centrifuged at 3.000 rpm for 

15 minutes and plasma aliquots stored at -70ºC until assayed. 

 

 



 87

Tert-butyl hydroperoxide-initiated chemiluminescence (CL-LOOH) 

CL-LOOH reflects lipid hydroperoxides originated from phospholipids, cholesterol 

esters, protein and free fat acid oxidation and decreased antioxidants levels, brought about by 

previous free radicals action mainly on plasma lipoprotein particles. This method is much 

more sensitive and less prone to artifact than others used in SLE patients. [19] CL-LOOH in 

plasma was evaluated as described previously by Flecha et al. [22] and reported previously by 

our group. [19] The results are expressed in counts per minute (cpm). 

 

Determination of 8-Isoprostane 

The plasma levels of free 8-isoprostanes F2 were quantified using a competitive 

immunoenzymatic kit (Cayman Chemical Company, Ann Arbor, Michigan, EUA) based on 

the activity of 8-isoprostane acetylcholinesterase conjugate. After alkaline hydrolysis of 

isoprostane esters in plasma samples, supernatants were added to the microplate reaction and 

the absorbance of the product formed from the reaction between thiocholine and 2-

nitrobenzoic acid was read at 412 nm. The limit of detection of the test was 27 pg/ml. All the 

sample concentrations were determined by comparison with a recombinant standard curve in 

pg/mL. 

 

Determination of Advanced Oxidation Protein Products (AOPP) 

AOPP was determined in the plasma using the semiautomated method described by 

Witko-Sarsat et al. [23] AOPP results of oxidation of amino acid residues such as tyrosine, 

leading to the formation of dityrosine-containing protein cross-linking products detected by 

espectrophotometry.[19, 23]  AOPP concentrations were expressed as micromoles per liter 

(umol/L) of chloramines-T equivalents. 

 

Carbonyl protein contents 

Carbonyl content was measured as an estimate of protein oxidative injury. Carbonyl proteins 

contents were determined as previously described by Panis et al. [24] Results are expressed in 

nmol ml-1 mg-1 total proteins. 
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Total radical-trapping antioxidant parameter (TRAP) 

The TRAP was determined as reported by Reppeto et al. [25] This method detects 

hydrosoluble and/or liposoluble plasma antioxidants by measuring the chemiluminescence 

inhibition time induced by 2,2-azobis (2-amidinopropane). The system was calibrated with 

the vitamin E analog TROLOX, and the values of TRAP are expressed in equivalent of μM 

Trolox. 

Determination of Sulfhydryl (SH) groups of proteins 

Sulfhydryl groups of proteins were evaluated in plasma samples by a spectrophotometric 

assay based on 2,2-dithiobisnitrobenzoic acid (DTNB), as reported previously [26] and the 

results were expressed in µM. 

Statistical analysis 

Distribution of sex, race, and smoking was analyzed with Fisher’s exact test or chi-square test.  

Comparisons between control group and SLE patients, and SLE group with insulin resistance 

or not were done using the Mann-Whitney test and data were expressed as the median (25-75 

percentiles). Correlations were evaluated by Spearman’s rank correlation. The results were 

considered significant when p<0.05. A statistical analysis program (Graph Pad Prism version 

4.0) was used for evaluations. 

 

RESULTS 

Clinical characteristics of the patients with SLE are shown in table 1. There were no 

differences between the control group and SLE patients in relation to age, gender, ethnicity, 

BMI and ALT levels. However, patients with SLE presented higher AST (p<0.0001) and 

GGT levels (p<0.001). With regard to oxidative stress, patients with SLE showed higher 

serum lipid hydroperoxides (p=0.0002) and SH levels (p<0.0001) and lower TRAP corrected 

by UA levels (p=0.0003). Nevertheless, SLE patients had lower serum isoprostane (p<0.0001) 

and carbonyl protein levels (p=0.05) than controls. 

Table 2 presents the clinical and laboratorial data of SLE patients with and without IR. There 

was no difference between the groups in relation to age, gender, ethnicity, smoking, duration 

of the disease, disease activity, SLEDAI score, positive anti-dsDNA, serum C4 levels, AST 
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and ALT. The frequency of patients who used prednisone, prednisone dose, current 

immunosuppressive drugs and antimalarials also showed no difference between the groups. 

However, SLE patients with IR had higher BMI (p<0.0001), serum C3 levels (p=0.03), GGT 

(p=0.001) and frequency of patients who used antihypertensive drugs (p=0.001) compared to 

SLE patients without IR. SLE patients with IR also presented a trend to use higher prednisone 

doses (p=0.07) compared to SLE patients without IR. 

With regard to oxidative stress parameters, SLE patients with IR showed no differences in 

lipid hydroperoxides levels, but had higher AOPP (p=0.03), and lower SH (p=0.0002) and 

TRAP corrected by UA levels (p=0.04) when compared to SLE patients without IR (Table 3). 

However, SLE patients with IR presented lower serum isoprostane (p=0.05) and carbonyl 

protein levels (p=0.04) when compared to SLE patients without IR. 

SLE patients showed significantly lower serum iron levels (p<0.0001) in relation to controls 

and SLE patients with IR presented lower serum iron levels (p=0.04) compared to SLE 

patients without IR (Figure 1). On the other hand, serum ferritin levels were significantly 

higher in SLE patients (p=0.0006) when compared to controls and SLE patients with IR 

presented higher serum ferritin levels (p=0.01) compared to SLE patients without IR (Figure 

2). 

Patients with SLE showed that insulin resistance was inversely correlated to TRAP/UA (r=-

0.2724, p=0.008) and serum ferritin was positively correlated with AOPP (r=0.2870, p=0.004) 

(Figure 3). 

 

DISCUSSION 

The main findings of the present study are that iron metabolism state verified by increased 

ferritin is associated with both oxidative stress and insulin resistance in patients with SLE; the 

direct correlation verified between ferritin and AOPP and the inverse correlation between 

HOMA-IR and TRAP/UA reinforce these findings. 

In general, our data showed that patients with SLE had increased oxidative stress and 

decreased antioxidant defenses when compared to healthy subjects. The increased oxidative 

stress was shown by hydroperoxides and AOPP and by decreased TRAP/UA ratio. Uric acid 

concentration is responsible for 60% of plasmatic total antioxidant capacity. Thus, a 

correction of total antioxidant capacity based on uric acid concentration is needed. [27] In 
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addition, GGT, a precocious and sensitive marker of oxidative stress [28], was also increased 

in patients with SLE, mainly in SLE patients with IR. Of note, the increase of serum GGT 

may predict the beginning of the MS and the incidence of cardiovascular disease [29] and in a 

previous study of our group GGT levels were positively correlated with HOMA-IR in patients 

with metabolic syndrome. [3] Moreover, GGT is also a non-specific marker of liver function. 

In a previous study, [19] we also reported that AST and GGT levels were enhanced in SLE 

patients, but only GGT levels correlated with protein oxidation. In addition, in the present 

study, GGT, but not AST, also increased in the group of SLE patients with IR. All together, 

these data seem to suggest GGT participation in generating and maintaining oxidative stress 

in patients with SLE.  

SLE patients with IR had a higher BMI than SLE patients without IR. This result 

could interfere with oxidative stress measurements. However, in a previous study, we have 

shown that only overweight patients with IR had increased oxidative stress when compared to 

overweight patients without IR. [27] In addition, in some classical inflammatory diseases, like 

systemic lupus erythematosus, the higher MetS prevalence is better explained by insulin 

resistance rather than obesity [19, 30] reinforcing the importance of insulin sensitivity as it 

was proposed in the original concept given by Reaven. [31] 

A protein complex with 24 peptide subunits (L and H forms) assembled into a hollow 

spherical shell forms ferritin. The expression of ferritin is under delicate control and is 

regulated at both the transcriptional and posttranscriptional levels by intracellular iron, 

inflammation, oxidative stress products, hormones, and growth factors, throughout heavy-

chain (H) transcription and translation. [9] The H-ferritin is primarily responsible for the 

ferroxidase activity of the ferritin complex and this activity is essential for uptake of free iron, 

whereas the L-ferritin facilitates the storage of iron into the ferritin core. The efficient storage 

of iron requires the cooperation of both ferritin subunits. [32] Elevated serum ferritin levels in 

inflammatory states are due to release from damaged tissues, increased synthesis, and 

decreased clearance. The activation of inflammatory cytokines increases the transcription of 

ferritin messenger RNA in macrophage, which may subsequently transfer ferritin to 

hepatocytes. [33] Most of the stimuli related to inflammation and directed to ferritin synthesis 

seem to upregulate H-ferritin preferentially over the L form, thus determining an increase of 

catalytic sites and a reduction of cell iron availability. Therefore, ferritin in inflammatory 

tissue contains more iron with increased inflammation and some previous studies have 

demonstrated that serum ferritin is a useful marker of disease activity in patients with SLE. 

[34, 35] 
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The inflammatory process per se can cause oxidative stress and IR, but on the other 

side, oxidative stress and IR both can cause enhanced ferritin levels by different mechanism. 

Hyperinsulinemia may be directly responsible for the accumulation of iron in the liver, 

because insulin can stimulate cellular iron uptake by a mechanism of transferrin receptor 

externalization. In the meantime, increased oxidative stress may generate superoxide radicals, 

which can cause the release of ferrous iron from ferritin. [12, 13] Iron is a transitional metal 

that can convert poorly reactive free radicals into highly reactive moities, which can cause 

oxidative damage to cells and tissues. [16, 36] Unbound intracellular ferrous iron is capable of 

generation free radicals and ROS through Fenton chemistry causing lipid peroxidation, DNA 

breaks, and others forms of cellular damage. [15] Although the majority of reports and 

findings support the notion of the deleterious effects of ferritin, it has been shown that H-

ferritin can sequester Fe (II) in the solution and reduce lipid peroxidation induced by Fenton-

type reaction, and that iron-loaded ferritin can bind large amounts of nitric oxide molecules in 

different sites of the structure.(16) Therefore, in some circumstances it may play an important 

role in the protection against oxidative damage. As expected, SLE patients presented lower 

iron levels and higher ferritin levels than controls; however, these findings were also verified 

in SLE patients with RI when compared to SLE patients without RI. In addition, serum 

ferritin levels were directly correlated with protein oxidation, measured by AOPP. All 

together, these data allow hypothesize that ferritin seem to contribute, at least in part, to the 

redox imbalance verified in SLE patients. 

In the present study, some traditional pro oxidant markers, such as isoprostanes and 

carbonyl proteins as well as SH, which reflects antioxidant defenses, showed unexpected 

behaviors. The decrease in the aforementioned pro oxidant markers and the increase in SH 

can be attributed to several causes and some issues must be evaluated to have an overall view. 

1º) To evaluate the redox state of a determined pathological condition, it is necessary to use a 

robust and complete methodology approach. In this context, the interpretation of the several 

methods will allow a better understanding of the oxidative phenomena, which occurs. [19, 

37]. 2º)Although oxidative stress has been reported to have deleterious effects, it also can 

have beneficial effects. Some pro oxidant decreased levels may be related to the disease 

pathophysiology and to the role of reactive substances and their metabolites in redox 

signaling. For instance, irreversible modifications induced by oxidative stress, such as protein 

carbonylation, are generally associated with permanent loss of protein function and may lead 

to the progressive accumulation of the damage proteins. In cells, the level of the progressive 
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accumulation of modified proteins reflects the balance between the rate of protein oxidation 

and the rate of oxidized protein degradation, and is dependent on multiple factors that 

influence the levels of pro-and antioxidants and the levels of proteases that catalyse the 

degradation of oxidized proteins residues. [38] The modulation of protein function by ROS 

may be in many ways analogous to phosphorylation, except that protein modification no 

longer occurs on specific serine, threonine, or tyrosine residues, but instead on redox-sensitive 

Cys residues. [39] Thus, conceivably different diseases in different phases may present 

different oxidative stress marker profiles. [40] 3º) All of the currently available methods for 

the detection of ROS are, by definition, indirect (because detector compounds are required) 

and semiquantitative (because specific ROS are in competition with other biomolecules that 

can react with these detector molecules). However, if the redox chemistries of the various 

detector molecules are carefully considered and the potential limitations of these assays are 

understood, they can provide useful information on the production and regulation of ROS in 

biological systems. [40] Thus, the hypothesis that the medications patients were receiving for 

SLE could have affected concentrations of carbonyl proteins and F2 isoprostanes [41] may 

not be underestimated. 4º) Protein cysteinyl thiols appear especially sensitive to ROS attack. 

One major means of protein redox regulation is mediated by the formation or reduction of 

disulphides, including mixed disulphides with low-molecular-mass thiols. [39] Our data 

suggest that increased sulfhydryl group (thiol), an indicator of antioxidant defense, in patients 

with SLE, can be attributed to concomitant homocysteine increase, a low-molecular-mass 

thiol. 

In conclusion, this study showed that IR increases oxidative stress in patients with 

SLE and that increased ferritin whatever its cause, the inflammatory process per se or 

hyperinsulinemia, can favor the redox process.  In addition, our data showed the importance 

of measuring oxidative stress with several methodologies with different assumptions.  The 

understanding of the complex redox mechanisms involved in the context of the disease will 

proportionate a more accurate view of the phenomena. 
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Figure legends 

 

Figure 1: Serum iron levels in healthy subjects (controls) and in systemic lupus erythematosus 

(SLE) patients and serum iron levels in SLE patients with (HOMA2.11) or without 

(HOMA<2.11) insulin resistance. HOMA: homeostasis model assessment. Mann-Whitney 

test. Data are median (25-75%). *p < 0.0001 when compared to control group; **p= 0.04 

when compared to HOMA <2.11.  

 

Figure 2: Serum ferritin levels in healthy subjects (controls) and in systemic lupus 

erythematosus (SLE) patients and serum ferritin levels in SLE patients with (HOMA2.11) or 

without (HOMA<2.11) insulin resistance. HOMA: homeostasis model assessment Mann-

Whitney test. Data are median (25-75%). *p =0.0006 when compared to control group; **p= 

0.01 when compared to HOMA <2.11.  

 

 

Figure 3: Spearman’s correlation between: a. insulin resistance evaluated by Homeostasis 

Model Assessment – Insulin Resistance (HOMA-IR) and total antioxidant capacity evaluated 

by total radical-trapping antioxidant parameter (TRAP) (r=-0.2724, p= 0.008); b. ferritin and 

advanced oxidation protein products (AOPP) in patients with systemic lupus erythematosus 

(r=0.2870, p=0.004) 
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Table 1: Clinical, biochemical and oxidative stress parameters of patients with systemic lupus 

erythematosus (SLE) and controls. 

 

 Controls 

(n=125) 

SLE 

(n=111) 

P Value 

Age (years) 40.0 

(32.0-47.0) 

43.0 

(32.0-53.0) 

0.126 

 

Sexo (female/male)* 

 

110/15 103/8 0.215 

Smoking (Yes/No)* 

 

11/114 7/104 0.624 

BMI (kg/m2)  26.2 

(24.2-29.5) 

27.6 

(23.8-32.2) 

0.313 

AST 

 

18.0 

(15.0-23.0) 

22.0 

(19.0-27.3) 

<0.0001 

ALT 

 

33.0 

(29.0-40.0) 

35.0 

(29.0-41.5) 

0.368 

GGT 

 

27.0 

(20.0-39.0) 

34.0 

(24.0-52.0) 

0.0014 

Hidroperoxides (cpm) 14250 

(11490-17970) 

19040 

(13130-28670) 

0.0002 

Isoprostanes  (pg/mL)  

 

231.5 

(145.1-311.7) 

30.35 

(21.60-59.95) 

<0.0001 

AOPP (umol/L of 

chloramines-T equivalents) 

136.3 

(102.2-175.1) 

132.5 

(101.6-165.5) 

0.503 

Carbonyl proteins (nmol ml-

1 mg-1 total proteins) 

66.00 

(54.76-83.89) 

61.94 

(38.84-81.08) 

0.045 

Sulfhydril proteins  

(µM) 

0.306 

(0.242-0.380) 

0.371 

(0.316-0.413) 

<0.0001 

Homocysteine 

(umol/L) 

9.99 

(8.47-11.81) 

11.36 

(9.60-14.31) 

0.001 

TRAP/UA  

(μM Trolox/mg UA) 

180.3 

(148.7-213.3) 

150.4 

(128.8-194.5) 

0.0003 
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Mann-Whitney test. *Chi-square test. Data are median (25%– 75%). BMI, body mass index; 

AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-

glutamyltransferase; AOPP, advanced oxidation protein products; TRAP, total radical-

trapping antioxidant parameter, UA, uric acid 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 101

Table 2: Clinical and laboratory characteristics of patients with systemic lupus erythematosus 

(SLE) with (HOMA 2.11) and without (HOMA < 2.11) insulin resistance  

 

 HOMA<2.11 

(n=39) 

HOMA 2.11 

(n=72) 

p 

Age (years) 43.0 

(32.0-55.0) 

42.0 

(31.8-51.3) 

0.867 

Gender (female/male)* 

 

35/4 68/4 0.448 

Caucasian (Y/N)* 

 

2/37 5/67 0.707 

Smoking (Y/N)* 

 

2/37 5/67 0.7071 

BMI (kg/m2) 23.9 

(21.9-25.9) 

29.9 

(26.2-33.5) 

<0.0001 

Disease Duration (years)* 8.5  

(3.8-17.0) 

10.0 

(4.0-14.0) 

0.805 

Atividade Y/N** 

 

16/23 30/42 0.786 

Anti-dsDNA Positive 

(Y/N)** 

 

7/32 14/58 0.848 

SLEDAI Score  0  

(0-2) 

0  

(0-2) 

1.000 

C3 (mg/dL ) 105.0 

(89.0-121.0) 

116.0 

(98.8-136.5) 

0.030 

C4 (mg/dL ) 20.15 

(13.75-24.50) 

20.10 

(13.75-25.90) 

0.628 

AST 22.0 

(19.0-26.0) 

22.0 

(19.0-28.0) 

0.898 

ALT 36.0 

(28.8-46.0) 

35.0 

(29.0-41) 

0.275 

GGT 27.0 39.0 0.001 



 102

(19.0-42.0) (28.0-63.5) 

 

Therapy 

Prednisone (Y/N)* 

 

35/4 67/05 0.717 

Prednisone (mg/day) 7.5 

(5.0-20.0) 

10.0 

(7.5-20.0) 

0.072 

Antimalarials (Y/N)** 

 

22/17 51/21 0.126 

Current 

Immunosuppressive 

(Y/N)**   

14/25 24/48 0.713 

Antihypertensive drugs 

(Y/N)* 

4/35 29/43 0.001 

 

Mann-Whitney test. *Fisher´s exact test. **Chi-square test. Data are median (25%– 75%).  

BMI, body mass index; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; 

AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-

glutamyltransferase; HOMA-IR = Homeostasis Model of Assessment Insulin Resistance. Y, 

yes; N, no. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 103

Table 3: Oxidative stress biomarkers, total antioxidant capacity and homocysteine of patients 

with systemic lupus erythematosus (SLE) with (HOMA 2.11) and without (HOMA 

< 2.11) insulin resistance  

 

 SLE   

 HOMA<2.11 

(n=39) 

HOMA 2.11 

(n=72) 

P 

Hidroperoxides (cpm) 19040 

(14780-27620) 

19210 

(12650-28040) 

0.689 

Isoprostanes (pg/mL) 

  

38.30 

(26.25-89.52) 

27.30 

(18.43-48.70) 

0.050 

AOPP (umol/L of  

chloramines-T equivalents)  

 

109.4 

(97.12-150.1) 

138.4 

(104.2-174.9) 

0.030 

Carbonyl proteins (nmol ml-1 

mg-1 total proteins) 

 

72.61 

(43.63-99.51) 

55.50 

(36.30-70.23) 

0.040 

Sulfhydril proteins  

(µM) 

 

0.447 

(0.397-0.496) 

0.360 

(0.308-0.392) 

0.0002 

Homocysteine 

(umol/L) 

 

10.93 

(9.36-13.62) 

11.51 

(9.67-14.31) 

0.645 

TRAP 

(μM Trolox/mg UA) 

 

167.2 

(141.9-200.6) 

136.5 

(121.7-182.0) 

0.040 

Mann-Whitney test. Data are median (25%– 75). AOPP, advanced oxidation protein products; 

TRAP, total radical-trapping antioxidant parameter ;UA, uric acid; HOMA-IR = Homeostasis 

Model of Assessment Insulin Resistance. 
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5 CONCLUSÃO  

 

Os resultados obtidos neste trabalho nos permitem concluir que: 

 

1 Pacientes com LES apresentam maior chance de desenvolverem RI e SM e esta aumenta 

com a atividade da doença. O aumento do IMC e a corticoterapia parecem ser os principais 

fatores envolvidos. 

 

2 Pacientes com LES apresentam aumento na freqüência de hipertensão arterial quando 

comparados indivíduos controles, pareados pelo gênero, etnia, idade e IMC.  

 

3 A atividade da doença aumenta a probabilidade de desenvolver hipertensão arterial em 

pacientes com LES. 

 

4 Pacientes com LES apresentam aumento de estresse oxidativo lipídico e protéico, aumento 

dos níveis séricos de metabólitos de óxido nítrico e diminuição da capacidade antioxidante 

total quando comparados à indivíduos controles. 

 

5 Pacientes com LES apresentam aumento da resposta imune Th1, Th2 (exceto IL-4) e Th17 

quando comparados a indivíduos controles. 

 

6 A atividade da doença aumenta a relação pró-inflamatória/Th2 (IL-12/IL-4) e o estresse 

oxidativo e ambos estão relacionados à maior frequência de hipertensão arterial nesta 

situação. 

 

7 Pacientes com LES e RI apresentam aumento de estresse oxidativo, dos níveis séricos de 

ferritina e diminuição das defesas antioxidantes e ferro sérico  

 

 

 

 

 

 

 



 105

REFERÊNCIAS 

 
ABOU-RAYA, A.; HALLOUS, D.; FAYED, H. 8-Isoprostaglandin F2 alpha: a potential 
index of lipid peroxidation in systemic lupus erythematosus. Clin Invest Med, v. 6, n.27, p. 
306-311, 2004.  

AGUILAR-SALINAS, C. A. et al. High prevalence of metabolic syndrome in Mexico. Arch 
Med Res, v.35, p.76–81, 2004. 

AL-HERZ, A. et al. Cardiovascular risk factor screening in systemic lupus erythematosus. J 
Rheumatol, v.30, p.493-496, 2003. 

ALBERTI, K. G.; ZIMMET, P. Z. Definition, diagnosis and classification of diabetes mellitus 
and its complications. Part 1:diagnosis and classification of diabetes mellitus provisional 
report of a WHO consultation. Diabet Med, v.15, n.7, 539-53, 1998.  

ANDREWS, N. C. Disorders of iron metabolism. N Engl J Med, v.341, p.1986-95, 1999. 

AROSIO, P.; INGRASSIA, R.; CAVADINI, P. Ferritins: A family of molecules for iron 
storage, antioxidation and more. Bioch Bioph Acta, v.1790, p.589–599, 2009. 

AROSIO, P.; LEVI, S. Ferritin, iron homeostasis, an oxidative damage. Free Rad Biol Med, 
v.33, p.457-63, 2002. 

ARUOMA, O.I, Free radicals and oxidant strategies in sports. J Nutr Biochem, v.5, p.370-
381, 1994. 

ASL, S. Z.; GHASEMI, A.; AZIZI, F. Serum nitric metabolites in subjects with metabolic 
syndrome. Clinical Biochemistry, v.41, p.1342-1347, 2008. 

ATKINSON, J. P. Complement activation and complement receptors in systemic lupus 
erythematosus. Springer Semin Immunopathol, v.9, p.179–94, 1986. 

BAE, S. C.; KIM, S. J.; SUNG, M. K. Impaired antioxidant status and decreased dietary of 
antioxidants in patients with systemic lupus erythematosus. Rheumatol Int, v.22, p.238-243, 
2002. 

BARBOSA, P. J. B. et al. Critério de obesidade central em população brasileira: impacto 
sobre a síndrome metabólica. Arq Brás Cardiol, v.87, p.407-414, 2006. 

BARNES, P. J.; KARIN, M. Nuclear factor-KB: A pivotal transcription factor in chronic 
inflammatory diseases. N Engl J Med, v.336, p.1066-71, 1997. 

BELLOMIO, V. et al. Metabolic syndrome in Argentinean patients with systemic lúpus 
erythematosus. Lupus, v.18, n.11, p.1019-1025, 2009. 

BELMONT, H. M. et al. Increased nitric oxide production accompanied by the up regulation 
of inducible nitric oxide synthase in vascular endothelium from patients with systemic lupus 
erythematosus. Arthritis Rheum, v.40, p.1810-1816, 1997. 

BEN MANSOUR, R. et al. Enhanced reactivity to malondialdehyde-modified proteins by 
systemic lupus erythematosus autoantibodies. Scand J Rheumatol, v.39, p.247-253, 2010. 



 106

BJÖRNÅDAL, L. et al. Cardiovascular disease a hazard despite improved prognosis in 
patients with systemic lupus erythematosus: results from a Swedish population based study 
1964-95. J Rheumatol, v.31, n.4, p.713-719, 2004. 

BLAKE, G. J. et al. Blood pressure, C-reactive protein, and risk of future cardiovascular 
events. Circulation, v.108, p.2993-2999, 2003. 

BOMBARDIER, C. et al. Derivation of SLEDAI. A disease activity index for Lupus patients. 
The committee on prognosis Studies in SLE. Arthrits Rheum, v.35, n.6, p.340-360, 1992. 

BOOS, C. J.; LIP, G. Y. Is hypertension an inflammatory process? Curr Pharm Des, v.12, 
p.1623–1635, 2006. 

BORBA, F. B. et al. Consenso Brasileiro de Doenças Reumáticas: Consenso de Lúpus 
Eritematoso Sistêmico. Temas de Reumatologia Clínica, v.10, n.1, p.15-26, 2009.  

BORBA, E. F.; CARVALHO, J. F.; BONFÁ, E. Mechanism of dyslipoproteinemias in 
systemic lupus erythematosus. Clin Develop Immunol, v.13, n.2-4, p.203-208, 2006. 

BUBIER, J. A. et al. A critical role for IL-21receptor signaling in the phatogenesis of 
systemic erythematosus in BXSB-Yaa mice. Proc Natl Acad Sci, U.S.A., v.106, p.1518-
1523, 2009. 

BUDMAN, D. R.; STEINBERG, A. D. Hypertension and renal disease in systemic lupus 
erythematosus. Arch Intern Med, v.136, p.1003-1007, 1976. 

CASADO, M. F. et al. Free radical-mediated pre-hemolytic injury in human red blood cells 
subjected to lead acetate as evaluated by chemiluminescence. Food Chem Toxicol, v.45, 
p.945 –952, 2007. 

CECCHINI, R.; ARUOMA, O. I.; HALLIWELL, B. The action of hydrogen peroxide on the 
formation of thiobarbituric acid-reactive material from microsomes or from DNA damage by 
bleomycin or o-phenanthroline. Artefacts in the thiobarbituric acid test. Free Rad Res 
Commun, v.10, n.4-5, p.245-258, 1990. 

CERIELLO, A.; MOTZ, E. Is oxidative stress the pathogenic mechanism underlying insulin 
resistance, diabetes, and cardiovascular disease? The common soil hypothesis revisited. 
Arterioscler Thromb Vasc Biol, v.24, p.816-823, 2004. 

CERVERA, R. et al. Morbidity and mortality in systemic lupus erythematosus during a 10-
year period: a comparison of early and late manifestations in a cohort of 1,000 patients. 
Medicine, Baltimore, v.82, p.299–308, 2003. 

CHOI, K. M. et al. Association among serum ferritin, alanine aminotransferase levels, and 
metabolic syndrome in Korean postmenopausal women. Metab Clin Exp, v.54, p.1510-1514, 
2005. 

CHUNG, C. P., et al. High prevalence of the metabolic syndrome in patients with systemic 
lúpus erythematosus: association with disease characteristics na cardiovascular risk factors. 
Ann Rheum Dis, v.66, p.208-214, 2007. 

 



 107

CHUNG, C. P. et al. Adipocytokines in systemic lupus erythematosus: relationship to 
inflammation, insulin resistance and coronary atherosclerosis. Lupus, v.18, p.799-806, 2009. 

CLANCY, B. M.; CZECH, M. P. Hexose transport stimulation and membrane redistribution 
of glucose transporter isoforms in response to cholera toxin, dibutyryl cyclic AMP, and 
insulin in 3T3-L1 adipocytes. J Biol Chem, v.265, n.21, p.12434-12443, 1990. 

COLQUHOUN, D. et al. Lipid Study Investigators. Effects of pravastatin on coronary events 
in 2073 patients with low levels of both low-density lipoprotein cholesterol andhigh-density 
lipoprotein cholesterol: results from the LIPID Study. Eur Heart J, v.25, p.771-777, 2004. 

CRISPÌN, J. C. et al. Pathogenesis of human systemic lupus erythematosus: recent advances. 
Trends in Molecular Medicine, v.16, n.2, p.47-57, 2010. 

CUZZOCREA, S. Role of nitric oxide and reactive oxygen species in arthritis. Curr Pharm 
Des, v.12, p.3551-3570, 2006. 

DANDONA, P. et al. Metabolic Syndrome. A comprehensive perspective based on 
interactions between obesity, diabetes, and inflammation. Circulation, v.111, p.1448-1454, 
2005. 

D´CRUZ, D. P.; KHAMASHTA, M. A.; HUGHES, G. R. Systemic lúpus erythematosus. 
Lancet, v.369 n.9561, p.587-596, 2007. 

DELGADO ALVES, J. et al .Antibodies to high-density lipoprotein and beta2-glycoprotein I 
are inversely correlated with paraoxonase activity in systemic lupus erythematosus and 
primary antiphospholipid syndrome. Arthritis Rheum, v.46, n.10, p.2686-2694, 2002. 

DELLAVANCE, A. et al. II Consenso Brasileiro de Fator Antinuclear em Células HEp-2. 
Definições para padronização de pesquisa contra constituintes do núcleo, nucléolo, citoplasma 
e aparelho mitótico e suas associações clínicas. Rev Bras Reumatol, v.43, p.129-140, 2003. 

DOREAU, A. et al. Interleukin 17 acts in synergy with B cell-activating factor to influence B 
cell biology and pathophysiology of systemic lupus erythematosus. Nat Immunol, v.10, 
p.778-785, 2009.  

DROZDZ, R. Gamma-glutamyl transferase dependent generation of reactive oxygen species 
from a glutathione/transferrin system. Free Radic Biol Med, v.25, p.786-792, 1998. 

DZAU, V. J.; RE, R. Tissue angiotensin system in cardiovascular medicine. A paradigm 
shift? Circulation, v. 89, n.1, p.493–8, 1994.  

EL-MAGADMI, M. et al. Hiperinsulinemia, insulin resistance, and circulating oxidized loe 
density lipoprotein in woman with systemic lupus erythematosus. J Rheumatol, v.33, n.1, 
p.50-62, 2006. 

FACCHINI, F. et al. Relationship between resistance to insulin-mediated glucose uptake, 
urinary uric acid clearance, and plasma uric concentration. JAMA, v.266, p.3008-3011, 1991. 

FERRANNINI, E. Insulin resistance, iron, and the liver. Lancet, v.355, p.2181-82, 2000. 

 



 108

FERREIRA, A. W.; ÁVILA, S. L. M. Diagnóstico Laboratorial das Principais Doenças 
Infecciosas e Autoimunes. Rio de Janeiro-RJ:Guanabara Koogan, 1996. 286-294 p. 

FESTA, A. et al. Chronic Subclinical inflammation as part of the insulin resistance syndrome. 
The Insulin Resistance Atherosclerosis Study (IRAS). Circulation, v.102, p.42-47, 2000. 

FLECHA, B. G.; LLESUY, S.; BOVERIS, A. Hydroperoxide-initiated chemiluminescence: 
an assay for oxidative stress in biopsies of heart, Liver, and muscle. Free Rad Biol Med, 
v.10, p.93-100, 1991. 

FORD, E. S.; GILES, W. H. A comparison of the prevalence of the metabolic syndrome using 
two proposed definitions. Diabetes Care, v.26, p.575–581, 2003. 

FORD, E. S.; GILES, W. H.; DIETZ, W. H. Prevalence of  the metabolic syndrome among 
US adults: findings from the third national Health and Nutrition Examenation Survey. JAMA, 
v.287, p.356-359, 2002. 

FROSTEGARD, J. et al. Lipid peroxidation is enhanced in patients with systemic lupus 
erythematosus and is associated with arterial and renal disease manifestation. Arthr Rheum,  
v.52, p.192-200, 2005. 

GARCIA-COZAR, F. J. et al. Defective B7 expression on antigen-presenting cells underlying 
T cell activation abnormalities in systemic lupus erythematosus (SLE) patients. Clin Exp 
Immunol, v.104, p.72–79, 1996. 

GATEVA, V. et al. A larg-scale replication study identifies TNPIP1, PRDM1, JAZF1, 
UHRF1BP1 and IL-10 as risk loci for systemic lupus erythematosus. Nat Genet, v.41, 
p.1228-1233, 2009. 

GADMAN, D. D.; IBAÑES, D., UROWITZ, M. B. Systemic lupus Erythematosus disease 
activity index 2000. J Rheumatol, v. 29, n.2, p.288-291, 2002. 

GHASEMI, A.; ZAHEDIASL, S.; AZIZI, F. Reference values for serum nitric oxide 
metabolites in an adult population. Clin Biochem, v. 43, p.89-94, 2010.  

GHISELI, A. et al. Total antioxidant capacity as a tolol to assess redox status: critical view 
and experimental data. Free Radic Biol Med, v.29, p.1106-1114, 2000.  

GILKESON, G. et al. Correlation of serum measures of nitric oxide production with lupus 
disease activity. J Rheumatol, v.26, p.318-324, 1999. 

GONZÁLEZ, A. S. et al. Metabolic syndrome, insulin resistance and the inflammation 
markers C-reactive protein and ferritin. Eur J Clin Nutr, v. 60, p.802-809, 2006. 

GONZALES-CRESPO, M. R. et al. Prospective study of serum and urinary nitrate levels in 
patients with lupus erythematosus systemic. Br J Rheumatol, v.37, p.972-977, 1998. 

GRIFFITHS, B.; MOSCA, M.; GORDON, C. Assessment of patients with systemic lupus 
erythematosus and the use of lupus disease activity indicies. Best Pract Res Clin Rheumatol, 
v.19, n.5, p.685-708, 2005. 

 



 109

GUNNETT, C. A.; HEISTAD, D. D.; FARACI, F. M. Gene target mice reveal a critical role 
for inducible nitric oxide synthase in vascular dysfunction during diabetes. Stroke, v.34, 
p.2970-2974, 2003. 

HAFFNER, S. M.; MIETTINEN, H.; STERN, M. P. The homeostasis model in the San 
Antonio Heart Study. Diabetes Care, v.20, p.1087-1092, 1997. 

HALLIWEL, B.; GUTTERIDGE, J. M. C. Antioxidant protection by compounds 
synthesized in vivo. 3.ed. New York: Oxford University Press, 1999. 19, 197, 543 p. 

HANH, B. H. Antibodies to DNA. N Engl J Med, v.338, p.1359, 1998. 

HARRISON, D. G, et al. Role of the adaptive immune system in hypertension. Curr Opin 
Pharmacol, v.10, p.203-207, 2010. 

HARRISON, P. M.; AROSIO, P. The Ferritin: Molecular properties, iron storage function 
and celluar regulation. Biochim Biophys Acta, v.1275, p.161-203, 1996. 

HART, H. H.; GRIGOR, R. R.; CAUGHEY, D. E. Ethnic difference in the prevalence of 
systemic lupus erythematosus. Ann Rheum Dis, v.42, p.529–32, 1983. 

HERBER, D. et al. IL-21 has a pathogenic role in a lupus-prone mouse model and its 
blockade with IL-21RFc reduces disease progression. J Immunol, v.178, p.3822-3830, 2007. 

HOCHBERG, M. C. et al. Updating the American College of Rheumatology revised criteria 
for the classification of systemic lupus erythematosus. Arthritis Rheum, v.40, n.9, p.1725, 
1997. 

HOLMAN, C. D. et al. Cell surface labeling of glucose transporter isoform GLUT4 by bis-
mannose photolabel. Correlation with stimulation of glucose transport in rat adipose cells by 
insulin and phorbol ester. J Biol Chem, v.265, p.18172-9, 1990. 

HOTAMISLIGIL, G. S. Molecular mechanisms of insulin resistance and the role of the 
adipocyte. Int J Obes Relat Metab Disord, v.24, n.4, p.23-27, 2000. 

HU, G. et al. for the DECODE Study Group. Prevalence of the metabolic syndrome and its 
relation to all cause and cardiovascular mortality in nondiabetic European men in women. 
Arch Intern Med, v.164, p.1066–1076, 2004. 

JACOBS Jr, D. R. Executive summary of the third report of the National Cholesterol 
Education Program (NCEP) expert panel on detection, evaluation, and high blood cholesterol 
in adults (Adults Treatment Panel III). JAMA, v.285, p.2486-2497, 2001. 

JIALAL, I. et al. Effect of Effects of hydroxymethyl glutaryl coenzyme a reductase inhibitor 
therapy on high sensitive C-reactive protein levels. Circulation, v.103, p.1933-1935, 2001.   

JOSEPH, A. et al. Immunologic rheumatic disorders. J Allergy Clin Immunol, v.125, n.2, 
p.204-215, 2010.  

 

 



 110

JOYCE-BRADY, M.; JEAN, J. C.; HUGHEY, R. P. Gamma-glutamyl transferase and its 
isoform mediate an endoplasmatic reticulum stress response. J Biol Chem, v.276, p.9468-
9477, 2001. 

JUSKOWA, J. et al. Antioxidant potential in renal allograft recipients with stable graft 
function. Transplantation Pro, v.32, p.1353-1357, 2000. 

KARP, I. et al. Recent corticosteroid use and recent disease activity: independent determinats 
of coronary heart disease risk factors in systemic lupus erythematosus? Arth Rheum, v.59, 
n.2, p.169-175, 2008. 

KAVANAUGH, A. et al. Guidelines for clinical use of the antinuclear antibody test and tests 
for specific autoantibodies to nuclear antigens. American College of Pathologists. Arch 
Pathol Lab Med, v.124, p.71-81, 2000. 

KIM, C. H. et al. Association of elevated serum ferritin concentration with insulin resistance 
and impaired glucose metabolism in Korean men and women. Metab Clin Exp, v. 60, p.414-
420, 2011. 

KIM, J. K. et al. Transgenic mice with inactivation of PKC 6 are protected from lipid-induced 
defects in insulin action and signaling in skeletal muscle. Diabetes, v.50, (Suppl 2), p.A58, 
2001. 

KIP, K. E. et al. Clinical importance of obesity versus the metabolic syndrome in 
cardiovascular risk in women: a report from the Women´s Ischemia Syndrome Evaluation 
(WISE) study. Circulation, v.109, p.706-713, 2004.  

KLINMAN, D. M. et al. Quantitation of IgM- and IgG-secreting B cells in the peripheral 
blood of patients with systemic lupus erythematosus. Arthritis Rheum, v.34, p.1404–1410, 
1991. 

KORN, T. et al. IL-17 and Th17 Cells. Annu Rev Immunol, V.27, p.485-517, 2009. 

OTZIN, A. L.; O´DELL, J. R. Systemic lúpus erythematosus. In Frank MM, et al (eds): 
Samter´s Immunologic Disease, 5.ed. Boston Little: Brown, 1995. 667 p. 

KOVACIC, P.; JACINTHO, J. D. Systemic lupus erythematosus and other autoimmune 
disease from endogenous and exogenous agents. Unifying theme of oxidative stress. Mini 
Rev Med Chem, v.3, p.568-575, 2003. 

KUONO, T. et al. Effect of methylprednisolone on plasma lipid peroxidation induced by 
lipopolysaccharide. Jpn J Pharmacol, v.64, p.163-169, 1994. 

KURIEN, B. T.; SCOFIELD, R. H. Free radical mediated peroxidative damage in systemic 
lupus erythematosus. Life Sci, v.73, p.1655-1666, 2003. 

KURIEN, B. T.; SCOFIELD, R. H. Antibody Determination in the Diagnosis of Systemic 
Lupus Erythematosus. Scand J Imunol., v.64, n.3, p.227-235, 2006. 

KWAK, E. L. et al. Role for NF-kappa B in the regulation of ferritin H by tumor necrosis 
factor-alpha. J Biol Chem, v.270, p.15285-93, 1995. 



 111

LASSEGUE, B.; GRIENDLING, K. K. Reactive oxygen species in hypertension: an update. 
Am J Hypertens, v.17, p.852-860, 2004. 

LAUWERYS, B. R.; HOUSSIAU, F. A. Cytokines: clues to the pathogenesis of SLE. Lupus, 
v.7, p.211–213, 1998. 

LEAN, M. E. J.; HAN, T. S.; MORRISON, C. E. Waist circumference as a measure for 
indicating need for weight management. BMJ, v. 311, p. 158–161, 1995. 

LEE, D. H.; BLOMHOFF, R.; JACOBS Jr, D. R. Is serum gamma glutamyltransferase a 
marker of oxidative stress? Free Rad Res, v.38, p.535-539, 2004. 

LEVESQUE, M. C.; WEINBERG, J. B. The dichotomous role of nitric oxide in the 
pathogenesis of accelerated atherosclerosis associated with systemic lupus 
erythematosus.Curr Mol Med, v.4, n.7, p.777-86, 2004. 

LINDAHL, B. et al. The FRISC Study Group markers of myocardial damage and 
inflammation in relation to long-term mortality in unstable coronary artery disease. N Engl J 
Med, v.343, p.1139-1147, 2000. 

LINKER-ISRAELI, M. et al. Elevated levels of endogenous IL-6 in systemic lupus 
erythematosus. A putative role in pathogenesis. J Immunol, v.147, p.117–123, 1991. 

LIOSSIS, S. N. et al. B cells from patients with systemic lupus erythematosus display 
abnormal antigen receptor-mediated early signal transduction events. J Clin Invest, v.98, 
p.2549–2557, 1996. 

LOZOVOY, M. A. B. et al. Inflammatory biomarkers and oxidative stress measurements in 
patients with systemic lupus erythematosus with or without metabolic syndrome. Lupus,  
v.20,  p.1356, 2011a. 

LOZOVOY, M. A. B. et al. Oxidative stress is associated with liver damage, inflammatory 
status, and corticosteroid therapy in patients with systemic lupus erythematosus. Lupus,  
v.20, p.1250, 2011b. 

MANNING, R. D.; TIAN, N.; MENG, S. Oxidative stress and antioxidant treatment in 
hypertension and the associated renal damage. Am J Nephrol, v.25, p.311-317, 2005. 

MANOLIO, T. A., et al. Finding the missing hereditability of complex diseases. Nature, 
v.461, p.747-753, 2009. 

MANZI, S. et al. Age-specific incidence rates of myocardial infarction and angina in women 
with systemic lupus erythematosus comparison with the Framingham Study. Am J 
Epidemiol, v.145, p.408-415, 1997.  

MARZIALI, G. et al. Transcriptional regulation of the ferritin heavy-chain gene: the activity 
of the CCAAT binding factor NF-Y is modulated in heme-treated Friend leukemia cells and 
during monocyte-macrophage differentiation. Mol. Cell. Biol, v.17, p.1387-95, 1997. 

MENON, V. et al. Oxidative stress and glucose levels in a population-based sample. Diabetic 
Med, v.21, p.1346-1352, 2004. 



 112

MILES, P. D.  et al. TNF-alpha-induced insulin resistance in vivo and its prevention by 
troglitazone. Diabetes, v.46, p.1678-83,1997. 

MILLER, L. L. et al. Iron independent induction of ferritin H chain by tumor necrosis factor. 
Proc. Natl. Acad. Sci. USA, v.88, p.4946-4950, 1991. 

MOK, C. C.; LAU, C. S. Pathogenesis of systemic lupus erythematosus. J Clin Pathol, v.56, 
p.481–490, 2003. 

MONNEAUX, F.; MULLER, S. Epitope spreading in systemic lupus erythematosus: 
identification of triggering peptide sequences. Arthritis Rheum, v.46, p.1430–148, 2002. 

MORGAN, P. E.; STURGESS, A. D.; DAVIES, M. J. Increased levels of serum protein 
oxidation and correlation with disease activity in systemic lupus erythematosus. Arthr 
Rheum, v.52, n.7, p.2069-2079, 2005. 

MORONI, G. et al. Oxidative stress and homocysteine metabolism in patients with lupus 
nephritis. Lupus, v.19, p.65-72, 2010. 

MORROW, J. D.; JACKSON, L.; ROBERTS, L. J. The isoprostanes. Biochem Pharmacol, 
v.51, p.1-9, 1996.  

NAGY, G. et al. Central role of nitric oxide in the pathogenesis of rheumatoid arthritis and 
systemic lupus erythematosus. Arthritis Res Ther, v.12, n.3, p.210, 2010.  

NAKAGAWA, T. et al. A causal role for uric acid in fructose-induced metabolic syndrome. 
Am J Physiol Renal Physiol, v.290, p.625-631, 2006.  

NATHAN, C. Inducible nitric oxide synthase: what difference does it make? J Clin Invest, 
v.100, p.2417-2423, 1997.  

NIVED, O.; STURFELT, G. Does the black population in Africa get SLE? If not, why not? 
London: Martin Dunitz Ltd, 1997. 

NOUROOZ-ZADEH, J.; TAJADDINI-SARMADI, J.; WOLFF, S. Measurement of plasma 
hydroperoxide concentrations by the ferrous oxidation-xylenol orange assay in conjunction 
with triphenyphosphine. Analyt Biochem, v.220, p.403-409, 1994. 

NUTTALL, S. L. et al. Cardiovascular risk in systemic lupus erythematosus – evidence of 
increased oxidative stress and dyslipidaemia. Rheumatol, v.42, p.758-762, 2003. 

OATES, J. C. et al. Association of serum nitrate and nitrite levels with longitudinal 
assessments of disease activity and damage in systemic lupus erythematosus and lupus 
nephritis. Arthritis & Rheumatism, v.58, p.263-272, 2008. 

OATES, J.C.; GILKESON, G.S.; The biology of nitric oxide and other reactives 
intermediates in systemic lupus erythematosus. Clin Imunol, v.121, p.243-250, 2006. 

OATES, J. C. The biology of reactive intermediates in systemic lupus erythematosus. 
Autoimmunity, v.43, n.1, p.56-63, 2010. 

 



 113

DEGARD, J.M. et al. ICOS-dependent extrafollicular helper T cells elicit IgG production via 
IL-21 in systemic autoimmunity. J Exp Med, v.205, p.2873-2886, 2008.  

OH, J-Y. et al. Prevalence and factor analysis of metabolic syndrome in an urban Korean 
population. Diabetes Care, v. 27, p.2027–2032, 2004. 

OLIVEIRA, E. P.; SOUZA, M. L. A.; LIMA, M. D. A. Prevalência de síndrome metabólica 
em uma área rural no semi-árido baiano. Arq Brás Endocrinol Metab, v.50, n.3, p.456-465, 
2006.  

ONAT, A. et al. Serum complement C3: a determinant of cardiometabolic risk, additive to the 
metabolic syndrome, in middle-aged population. Metabolism, v.59, n.5, p.628-634, 2010. 

ONAT, A. et al. Cross-sectional study of complement C3 as a coronary risk factor among 
men and women. Clin Sci, v.108, p.129-135, 2005. 

PANIS, C. et al. Trypanossoma cruzi: Effects of the absence of 5-lipoxygenase (5-LO)-
derived leukotrienes on levels of cytokines, nitric oxide and iNOS expression in cardiac tissue 
in the acute phase of infection in mice. Exp Parasitol, v.127, n.1, p.58-65, (jan.) 2011. 

PARKER, B.; BRUCE, I. N. The metabolic syndrome in systemic lupus erythematosus. 
Rheum Dis Clin N Am., v.36, p.81-97, 2010. 

PAZ, K. et al. A molecular basis for insulin resistance. Elevated serine/threonine 
phosphorylation of IRS-1 and IRS-2 inhibits their binding to the juxtamembrane region of the 
insulin receptor and impairs their ability to undergo insulin-induced tyrosine phosphorylation. 
J Biol Chem, v.272, p.29911-18, 1997. 

PEREIRA, B. et al. Superoxide dismutase, Catalase and Glutathione Peroxidase Activities in 
Immune organs and muscles of Sedentary and Exercised-Trained rats. Phisiol & Behav, v.56, 
p.1095-1099, 1994. 

PETRI, M. Detection of coronary artery disease and the role of traditional risk factors in the 
Hopkins Lupus Cohort. Lupus, v.9, p.170-175. 2000. 

PETRI, M. Systemic lupus erythematosus: 2006 update. J Clin Rheumatol, v.12, n.1, p.37-
40, 2006. 

PICKERING, T. G. et al. Recommendations for Blood Pressure Measurement in Humans and 
Experimental Animals. Part 1: Blood Pressure Measurement in Humans: A Statement for 
Professionals From the Subcommittee of Professional and Public Education of the American 
Heart Association Council on High Blood Pressure Research. Hypertension, v.45, p.142-161, 
2005. 

PISETSKY, D. S. Systemic lupus erythematosus: epidemiology, pathology, and 
pathogenesis. In: Klippel JH, Stone JH, Crofford LJ, White P, eds. Primer on the Rheumatic 
Diseases. 11. ed. Georgia, USA: Arthritis Foundation, 1997. 246–251 p. 

PRADHAN, A. D. et al. C-Reactive Protein, interleukine 6, and risk of development type 2 
diabetes Mellitus. JAMA, v.286, n.3, p.327-334, 2001.  

 



 114

RAVEL, R. Labotatório Clínico: Aplicações Clínicas dos Dados Laboratoriais. 6. ed. Rio 
de Janeiro-RJ: Guanabara Koogan, 1997. 147-155 p. 

REAVEN, G. M. Banting Lecture 1988: Role of insulin resistance in human disease. 
Diabetes, v.37, n.12, p.1595-1607, 1988. 

REAVEN, G. M. The metabolic syndrome: is this diagnosis necessary? Am J Clin Nutr, 
v.83, p.1237-1247, 2006. 

REILLY, M. P.; RADER, D. J. The metabolic syndrome: more than the sum of  its parts? 
Circulation, v.108, p.1546-1551, 2003. 

REPETTO, M. et al. Oxidative stress in blood of HIV infected patients. Clin Chim Acta, 
v.255, p.107-117, 1996. 

ROBERTS, C. W.; WALKER, W.; ALEXANDER, J. Sex-Associated Hormones and 
Immunity to protozoan parasites. Clin Microb Reviews, v.14, n.3, p.478-488, 2000. 

ROTHMAN, D. L.; SHULMAN, R. G.; SHULMAN, G. I. 13P nuclear magnetic resonance 
measurements of muscle glucose-6-phosphate: Evidence for reduced insulin-dependent 
muscle glucose transport or phosphorylation activity in noninsulin-dependent diabetes 
mellitus. J Clin Invest, v.89, p.1069-75, 1992. 

RUDDY, M. J. et al.Functional cooperation between interleukin-17 and tumor necrosis factor-
alpha is mediated by CCAAT/enhancer-binding protein family members. J Biol Chem, v.279, 
p.2559-2567, 2004. 

RUS, V.; HOCHBERG, M. C. The epidemiology of systemic lupus erythematosus. In: 
Wallace DJ, Hahn BH. Dubois’ lupus erythematosus. 6 ed. Philadelphia: Lippincott Williams 
& Wilkins, 2002. 65-83 p. 

RYAN, M. J. The pathophysiology of hypertension in systemic lupus erythematosus Am J 
Physiol Regul Integr Comp Physiol, v.296. n.4, p.R1258-R1267, (abr.) 2009. 

RYAN, M. J.; McLEMORE, G. R. Jr.; HENDRIX, S. T. Insulin resistance and obesity in a 
mouse model of systemic lupus erythematosus. Hypertension, v.48, p.988-993, 2006. 

SÁBIO, J.M. et al. Effects of low or medium-dose of prednisone on insulin resistance in 
patients with systemic lupus erythematosus. Clin Exp Rheumatol, v.28, n.4, p.483-489, 
2010.  

SABIO, J. M. et al. Metabolic Syndrome in systemic lupus erythemathosus from Southern 
Spain. Lupus, v.17, p.849-859, 2008. 

SADA, K. E. et al. Altered levels of adipocytokines in association with insulin resistance in 
patients with systemic lupus erythematosus. J Rheumatol, v.33, p.1545-52, 2006.  

SANTOS, A. C. et al. Central obesity as a major determinant of increased high-sensitivity C-
reactive protein in metabolic syndrome. Int J Obes, v.29, p.1452-1456, 2005.  

 



 115

SAUTIN, Y. Y. et al. Adverse effects of the classic antioxidant uric acid in adipocytes: 
NADPH oxidase-mediated oxidative/nitrosative stress. Am J Physiol Cell Physiol, v.293, 
n.2, p.584-596, 2007. 

SCHERER, P. E. et al. A novel serum protein similar to Clq produced exclusively in 
adipocytes. J Biol Chem, v.270, p.26746-9, 1995. 

SCHUR, P. H. Genetics of systemic lupus erythematosus. Lupus, v.4, p.425–37, 1995. 

SESSO, H. D. et al. Comparison of interleukin-6 and C-reactive protein for the risk of 
developing hypertension in women. Hypertension, v.49, p.304-310, 2007. 

SHEIKH, Z. et al. Enhanced recognition of reactive oxygen species damage human serum 
albumin by circulating systemic lupus erythematosus autoantibodies. Autoimmunity, v.40 
p.512-520, 2007. 

SHULMAN, G. I. et al. Quantitation of muscle glycogen synthesis in normal subjects and 
subjects with noninsulin dependent diabetes by 13C nuclear magnetic resonance spectroscopy. 
N Engl J Med,  v.322, p.223-228, 1990. 

SIDIROPOULOS, P. I.; KARVOUNARIS, S. A.; BOUMPAS, D. T. Metabolic syndrome in 
rheumatic diseases: epidemiology, pathophysiology, and clinical implications. Arth Res 
Ther, v.10, p.207-15, 2008. 

SIMÃO, A. N. C. et al. Influence of uric acid and γ-glutamyltransferase on total antioxidant 
capacity and oxidative stress in patients with metabolic syndrome. Nutrition, v.24, p.675-
681, 2008.  

SJODIN, B.; WESTING, Y. H.; APLLE, F. S. Biochemical mechanisms for oxygen  free 
radical formation during exercise. Sports Med, v.10, p. 236-254, 1990. 

SOUZA, L. J. et al. Prevalência de obesidade e fatores de risco cardiovascular em Campos, 
Rio de Janeiro. Arq Bras Endocrinol Metab., v.47, n.6, p.669-676, 2003. 

STANDAERT, M. L. et al. Protein kinase C-zeta as a downstream effector of 
phosphatidylinositol 3-kinase during insulin stimulation in rat adipocytes. Potential role in 
glucose transport. J Biol Chem, v.272, p.30075-82, 1997. 

STUART, L. M. et al. Inhibitory effects of apoptotic cell ingestion upon endotoxin-driven 
myeloid dendritic cell maturation. J Immunol, v.168, p.1627-1635, 2002. 

SULLIVAN, K. E. Genetics of systemic lupus erythematosus. Clinical implications. Rheum 
Dis Clin North Am, v.26, p.229–256, 2000. 

SUMMERS, S. A. et al. Regulation of insulin-stimulated glucose transported GLUT4 
translocation and Akt kinase activity by ceramide. Mol Cell Biol, v.18, p.5457-64, 1998. 

SVENUNGSSON, E., et al. Elevated triglycerides and low levels of high-density lipoprotein 
as markers of disease activity in association with up-regulation of the tumor necrosis factor 
/tumor necrosis factor receptor system in systemic lupus erythemathosus. Arthr Rheum, 
v.48, n.9, p.2533-2540, 2003. 



 116

TAYSI, S. et al. Serum oxidant/antioxidant status of patients with systemic lupus 
erythematosus. Clin Chem. Laboratory Med, v.40, p.684-688, 2002. 

TELLES, R. W. et al. Freqüência de doença cardiovascular aterosclerótica e de seus fatores 
de risco em pacientes com lúpus eritematoso sistêmico. Rev Bras Reumatol, v.47, n.3, 
p.165-173, 2007. 

TELLES, R. W. et al. Metabolic syndrome in patients with systemic lupus erythematosus: 
association with traditional risk factors for coronary heart disease and lupus characteristics.  
Lupus, v.19, p.803–809, 2010. 

TEWTHANOM, K. et al. Correlation of Lipid Peroxidation and Glutatione Levels with 
Severity of Systemic Lupus Erythematosus: A Pilot Study from Single Center. J Pharm 
Pharmaceut Sci, v.11, n.3, p.30-34, 2008. 

THEOFILOPOULOS, A. N. et al. The role of IFN-gamma in systemic lupus erythematosus: 
A challenge to the Th1/Th2 paradgmic in autoimmunity. Arthritis Res, v.3, p.136-41, 2001. 

TISKIEVISC, F. et al. Prolactina e Macroprolactina no Lupus Eritematoso Sistêmico. Rev 
Bras Reumatol, v.45, n.3, p.191-194, 2005. 

TURGAY, M., et al. Oxidative stress and antioxidant parameters in a Turkish group of 
patients with active and inactive systemic lupus erythematosus. APLR J Rheumatol, v.10, 
p.101-106, 2007. 

TURNER, R. et al. Insulin deficiency and insulin resistance interaction in diabetes: 
Estimation of their relative contribution by feedback analysis from basal plasma insulin and 
glucose concentration in man. Metabolism, v.28, p.1086-96, 1979. 

URAMOTO, K. M. et al. Trends in the incidence and mortality of systemic lupus 
erythematosus, 1950-1992. Arthritis Rheum,  v.42, p.46-50, 1999. 

VADACCA, M., et al. Adipokines and systemic lupus erythematosus: relationship with 
metabolic syndrome and cardiovascular disease risk factors. J Rheumatol, v.36, n.2, p.295-
297, 2009. 

VAN OOSTROM, A. J. et al. The metabolic syndrome in relation to complement component 
C3 and postprandial lipemia in patients from na outpatient lipid clinic and healthy volunteers. 
Atherosclerosis, v.190, p.167-173, 2006. 

VELASQUEZ-MELENDEZ, G.  et al. Prevalência de síndrome metabólica em área rural do 
Brasil. São Paulo Méd J, v.125, n.3, p.155-162, 2007. 

VILAR, M. J. et al. Prevalence of metabolic syndrome and its components in Brazilian 
women with systemic lupus erythematosus: implications for cardiovascular risk. Ann Rheum 
Dis, v.65, n.2, p.362, 2006. 

VILAR, M. J.; SATO, E. I. Estimating the incidence of systemic lupus erythematosus in a 
tropical region (Natal, Brazil). Lupus, v.11, p.528-32, 2002. 

 



 117

WANCHU, A. et al. Serum and urine nitrite and citrulline levels among patients with 
systemic lupus erythematosus: a possible addition to activity parameters? J Clin Rheum, v.7, 
p.10-16, 2001. 

WÄRNBERG, J. et al. Inflammatory proteins are related to total and abdominal adiposity in a 
healthy adolescent population: the AVENA Study. Am J Clin Nutr, v.84, p.505-512, 2006. 

WHITACRE, C. C.; BLANKENHORN, E. Sex differences in autoimmune diseases: focus in 
multiple sclerosis. Science Magazine, v.283, p.1277, 1999. 

WHITE, C. W. Expression of manganese superoxide dismutase is not altered in transgenic 
mice with elevated level of copper-zinc superoxide dismutase. Free Rad Biol Mes, v.15, 
p.629-636, 1993. 

WIGAND, R. et al. Increased serum NG-hydroxy-L-arginine in patients with rheumatoid 
arthritis and systemic lupus erythematosus as an index of an increased nitric oxide synthase 
activity. Ann Rheum Dis, v.56, p.330-332, 1997. 

WILLIAMS, I. L. et al. Obesity, atherosclerosis and the vascular endothelium: mechanism of 
reduced nitric oxide bioavailability in obese human. Int J Obes, v.26, p.754-764, 2002. 

WITKO-SARSAT, V. et al. Advanced oxidation protein products as novel mediators of 
inflammation and monocyte activation in chronic renal failure. J Immunol, v.161, p.2524-
2532, 1998. 

WONG, C. P. et al. Elevated Production of B cell Chemokine CXCL13 is correlated with 
systemic lupus erythematosus disease activity. J Clin Immunol, v.30, n.1, p.45-52, 2010. 

YAMAUCHI, T. et al. The fat-derived hormone adiponectin reverses insulin resistance 
associated with both hypotrophy and obesity. Nat Med, v.7, p.941-6, 2001. 

YAMAUCHI, T. et al. Adiponectin stimulates glucose utilization and fatty-acid oxidation by 
activating AMP-activated protein kinase. Nat Med, v.8, p.1288-95, 2002. 

YU, B. P. Cellular defenses against damage from reactive oxygen species. Physiol Rev, v.74, 
p.139-161, 1994. 

ZANDMAN-GODDARD, G.; SHOENFELD, Y. Ferritin in autoimmune diseases. 
Autoimmun Rev, v.6, p.457-463, 2007. 

ZHANG, H. et al. 4-Hydroxynonenal induces rat γ-glutamyl transpeptidase through mitogen-
activeted protein kinase-mediated electrophile response element/nuclear factor erythroyd 2 – 
related factor 2 signaling. Am  J Respir Cell Mol Biol, v.34, p.174-181, 2006. 

ZHANG, L. et al. Nitric oxide-induced persistent inhibition and nitrosylation of active site 
cysteine residues of mitochondrial cytocrome-c oxidase in lung endothelial cells. Am J 
Physiol Cell Physiol, v.288, n.4, p.C840-C849, 2005. 

ZHANG, Q. et al. Oxidative protein damage and antioxidant status in systemic lupus 
erythematosus. Clin Exp Dermatol. V.35, n.3, 287-294, 2010.  

 



 118

ZHAO, G. et al. Is hydrogen peroxide produced during iron(ii) oxidation in mammalian 
apoferritins? Biochemistry, v.40, p.10832-38, 2001. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 119

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ANEXOS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 120

ANEXO A  

Escore SLEDAI 

 



 121

 

 

 

 

 

 

 

 



 122

ANEXO B 

Instruções para Autores nos periódico nos quais os artigos foram submetidos 

Scandinavian	Journal	of	Rheumatology	
 

2010 Impact Factor: 2.594  

5-year Impact Factor: 2.377  

Ranking: 15/29 (Rheumatology) 

©Thomson Reuters, Journal Citation Reports® 2011 

 

 

Read More: http://informahealthcare.com/page/rhe/Description#Instructions 

 

 
Instructions for Authors 

Web-based Sub 

mission System 

The Scandinavian Journal of Rheumatology all new manuscripts must be submitted via the 
web-based manuscript submission and handling system ManuscriptCentral: 
http://mc.manuscriptcentral.com/scandjrheumatol 

Editor-in-Chief:  
Kristian Stengaard-Pedersen  
Scandinavian Journal of Rheumatology Editorial Office  
Building 3A Aarhus University Hospital Norrebrogade  
44 DK-8000 Aarhus C, Denmark  
Tel: + 45 784 64 411  
Fax: + 45 784 64 412  
E-mail: scandjrheumatol@editorialoffice.dk  
The Editorial Office will help you with any enquiries about the journal's requirements. 

General information 

The Scandinavian Journal of Rheumatology is the official journal of the Scandinavian Society 
for Rheumatology. The Journal publishes original research on all aspects of clinical and 
experimental rheumatology. Original reports, review articles, informative case reports, and 
letters are equally welcome. 

Author and Disclosure Statement 

Submission of a manuscript to Scandinavian Journal of Rheumatology is understood to imply 
that it has not previously been published (except in abstract form) and is not being considered 
for publication elsewhere. 

http://informahealthcare.com/page/rhe/Description#Instructions
http://mc.manuscriptcentral.com/scandjrheumatol
mailto:scandjrheumatol@editorialoffice.dk


 123

Manuscripts submitted under multiple authorship are reviewed under the assumption that: 1) 
all authors listed concur with the submitted version of the manuscript and with the listing of 
the authors; 2) authorship credit is based on important contributions in one or more of the 
following areas: conception and design, analysis and interpretation of data, drafting of the 
manuscript or making intellectual contribution to its content; 3) the final manuscript has been 
explicitly approved by the responsible authorities in the laboratory or institution were the 
work was carried out. 

Manuscript preparation 

Submission items include: 

A cover letter 

A title page (the Scandinavian Journal of Rheumatology uses a double-blinded review process 
and therefore,  you will be asked to save the title page as a separate file for upload) 

The manuscript should include the abstract (if required by article type), main text, references, 
and figure legends 

The manuscript should be formatted with a font size no smaller than 12 point. Times, Times 
Roman, Courier, Helvetica and Arial are the recommended fonts for the best quality 
conversion, and with a 2 cm margin at both sides of the text and 3 cm wide margins at the top 
and bottom of the page. 

Special characters and symbols, use the Symbol font. 

All abbreviations (click to open pdf with list) must be defined. 

Files should be labeled with appropriate and descriptive file names (e.g., SmithText.doc, 
Fig1.tif, Table3.doc). 

Do not upload your text as a PDF. 

Authors are encouraged to suggest names of 3-4 persons who might be considered suitable 
reviewers of their work. 

Title page 

Because the Scandinavian Journal of Rheumatology uses a double-blind review process, 
please save your title page as a separate file (it will not be built into any documents seen by 
reviewers). The title page should contain the title of the article, the category submitted 
(article, review, case report, letter), a short title of not more than 40 characters for each page 
(running head), the authors' names, their academic degrees, and their present affiliations. The 
name of the corresponding author should be given with a reliable mailing address, telephone 
number, and fax number. 

Articles 

Articles represent a substantial body of clinical or laboratory work. The paper should be 
presented in sections as listed below. 

Length of manuscript: Abstract: 250 words; Introduction: 500 words, Discussion: 1500; 
Methods and Results: no limit. If the manuscript exceeds this word count, authors will be 

http://informahealthcare.com/userimages/ContentEditor/1264102548472/acronyms_in_rheumatology.pdf
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required to revise the paper. Permission to exceed these guidelines must be obtained from the 
Editorial Office. 

Abstract 

Provide a structured abstract of not more than 150–250 words, using the headings Objectives, 
Methods, Results and Conclusions. 

Key words (maximum of 10) 

Use up to 10 key words that reflect the content of the article and will facilitate it being found 
through Internet searches. Key words should be given beneath the abstract in the box provided 
in the online submission process. 

Introduction 

Provide a brief description of the background that led to the study. 

Material and methods 

Identify details relevant to the conduct of the study. Statistical methods should be clearly 
explained at the end of this section. 

Subheadings that add clarity of presentation are encouraged. 

Results 

Work should be reported in SI units. Undue repetition in text and tables should be avoided. 
Comment on validity and significance of results is appropriate but broader discussion of their 
implication is restricted to the next section. 

Subheadings that aid clarity of presentation within this and the previous section are 
encouraged. 

Ethics and consent 

When reporting experiments on human subjects, a statement is required that the procedures 
followed were in accordance with the ethical standards of the responsible committee on 
human experimentation and with the Helsinki Declaration of 1975, as revised in 1983. Do not 
use patients' names, initials, or hospital numbers, especially in illustrative material. Papers 
including animal experiments or clinical trials must be accompanied by an approval by the 
local ethics committee and, in the case of animal experiments of any relevant local Licensing 
Authority. Please give date of issue and registration number in a covering letter. Identifying 
information should not be published in written descriptions, photographs, and pedigrees 
unless the information is essential for scientific purposes and the patient (or parent or 
guardian) gives written informed consent for publication. Informed consent for this purpose 
requires that the patient be shown the manuscript to be published. 

Authors reporting on experimental work on humans should, where relevant, submit evidence 
that the work has been approved by an institutional clinical research panel or its equivalent. 

Discussion 

Place the nature and findings of the study in the context of other relevant published data. 
Avoid undue extrapolation from the study topic. 
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Hard copies may be requested upon acceptance for publication: 

Figures will be sized to fit the width of a single or a double column of text, i.e. 80 or 170 mm 
wide. Any lettering should be in proportion with the overall dimensions of the drawing. 

Parts of figures should be labeled with upper case A, B, C etc. 
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and copyright holder for its reproduction. 

Brief communications 
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to no more than 1500 words, 3 figures or tables, and up to 15 references. 

Case reports 
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diagnosis, and comment and to be restricted to no more than 1500 words, 3 figures or tables, 
and up to 15 references. 

Letters 

Original observations relating to short clinical or laboratory studies or case reports may be 
presented as a Letter to the Editor. Letters are not divided into sections and are limited to no 
more than 700 words and 10 references; one table and one figure may be included. 
Instructions for references, tables, and figures are the same as for full length articles. 

Reviews 
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Preparing main manuscript text 

General guidelines of the journal's style and language are given below. 

Overview of manuscript sections for Research Articles 

Manuscripts for Research Articles submitted to Journal of Translational Medicine should be divided 
into the following sections (in this order): 

 Title page 

 Abstract 

 Additional non-English language abstract 

 Keywords 

 Background  

 Methods  

 Results and discussion 

 Conclusions 

 List of abbreviations used (if any) 

 Competing interests 

 Authors' contributions 

 Authors' information  

 Acknowledgements 

 Endnotes 

 References 

 Illustrations and figures (if any) 

 Tables and captions 

 Preparing additional files 

The Accession Numbers of any nucleic acid sequences, protein sequences or atomic coordinates cited 
in the manuscript should be provided, in square brackets and include the corresponding database 
name; for example, [EMBL:AB026295, EMBL:AC137000, DDBJ:AE000812, GenBank:U49845, 
PDB:1BFM, Swiss-Prot:Q96KQ7, PIR:S66116]. 

The databases for which we can provide direct links are: EMBL Nucleotide Sequence Database 
(EMBL), DNA Data Bank of Japan (DDBJ), GenBank at the NCBI (GenBank), Protein Data Bank 
(PDB), Protein Information Resource (PIR) and the Swiss-Prot Protein Database (Swiss-Prot). 

You can download a template (Mac and Windows compatible; Microsoft Word 98/2000) for your 
article. 

For reporting standards please see the information in the About section. 

http://www.translational-medicine.com/authors/instructions/research#style-and-language
http://www.translational-medicine.com/authors/instructions/research#formatting-title
http://www.translational-medicine.com/authors/instructions/research#formatting-abstract
http://www.translational-medicine.com/authors/instructions/research#formatting-non-english-abstract
http://www.translational-medicine.com/authors/instructions/research#formatting-keywords
http://www.translational-medicine.com/authors/instructions/research#formatting-background
http://www.translational-medicine.com/authors/instructions/research#formatting-methods
http://www.translational-medicine.com/authors/instructions/research#formatting-results
http://www.translational-medicine.com/authors/instructions/research#formatting-conclusions
http://www.translational-medicine.com/authors/instructions/research#formatting-abbreviations
http://www.translational-medicine.com/authors/instructions/research#formatting-competing
http://www.translational-medicine.com/authors/instructions/research#formatting-contributions
http://www.translational-medicine.com/authors/instructions/research#formatting-information
http://www.translational-medicine.com/authors/instructions/research#formatting-acknowledgements
http://www.translational-medicine.com/authors/instructions/research#formatting-endnotes
http://www.translational-medicine.com/authors/instructions/research#formatting-references
http://www.translational-medicine.com/authors/instructions/research#preparing-figures
http://www.translational-medicine.com/authors/instructions/research#preparing-tables
http://www.translational-medicine.com/authors/instructions/research#preparing-additional-files
http://www.ebi.ac.uk/embl/
http://www.ddbj.nig.ac.jp/
http://www.ncbi.nlm.nih.gov/Genbank/index.html
http://www.rcsb.org/pdb/
http://pir.georgetown.edu/
http://us.expasy.org/sprot/
http://www.biomedcentral.com/download/templates/BMC154d.dot
http://www.translational-medicine.com/about/
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Title page 

The title page should: 

 provide the title of the article 

 list the full names, institutional addresses and email addresses for all authors 

 indicate the corresponding author 

Please note: 

 the title should include the study design, for example "A versus B in the treatment of C: a 
randomized controlled trial X is a risk factor for Y: a case control study" 

 abbreviations within the title should be avoided 

Abstract 

The Abstract of the manuscript should not exceed 350 words and must be structured into separate 
sections: Background, the context and purpose of the study; Methods, how the study was performed 
and statistical tests used; Results, the main findings; Conclusions, brief summary and potential 
implications. Please minimize the use of abbreviations and do not cite references in the abstract. Trial 
registration, if your research reports the results of a controlled health care intervention, please list 
your trial registry, along with the unique identifying number (e.g. Trial registration: Current 
Controlled Trials ISRCTN73824458). Please note that there should be no space between the letters 
and numbers of your trial registration number. We recommend manuscripts that report randomized 
controlled trials follow the CONSORT extension for abstracts. 

Additional non-English language abstract 

An additional non-English language abstract can be included within the article. The additional abstract 
should be placed after the official English language abstract in the submitted manuscript file and 
should not exceed 350 words. Please ensure you indicate the language of your abstract. We can 
support the languages listed here. Please ensure you indicate the language of your abstract. 

Keywords 

Three to ten keywords representing the main content of the article. 

Background  

The Background section should be written in a way that is accessible to researchers without specialist 
knowledge in that area and must clearly state - and, if helpful, illustrate - the background to the 
research and its aims. Reports of clinical research should, where appropriate, include a summary of a 
search of the literature to indicate why this study was necessary and what it aimed to contribute to the 
field. The section should end with a brief statement of what is being reported in the article. 

Methods 

The methods section should include the design of the study, the setting, the type of participants or 
materials involved, a clear description of all interventions and comparisons, and the type of analysis 
used, including a power calculation if appropriate. Generic drug names should generally be used. 
When proprietary brands are used in research, include the brand names in parentheses in the Methods 
section. 

For studies involving human participants a statement detailing ethical approval and consent should be 
included in the methods section. For further details of the journal's editorial policies and ethical 
guidelines see 'About this journal'. 

http://www.consort-statement.org/index.aspx?o=1190
http://en.wikipedia.org/wiki/ISO_Latin_1
http://www.translational-medicine.com/about
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For further details of the journal's data-release policy, see the policy section in 'About this journal'. 

Results and discussion 

The Results and discussion may be combined into a single section or presented separately. Results of 
statistical analysis should include, where appropriate, relative and absolute risks or risk reductions, and 
confidence intervals. The Results and discussion sections may also be broken into subsections with 
short, informative headings. 

Conclusions 

This should state clearly the main conclusions of the research and give a clear explanation of their 
importance and relevance. Summary illustrations may be included. 

List of abbreviations 

If abbreviations are used in the text they should be defined in the text at first use, and a list of 
abbreviations can be provided, which should precede the competing interests and authors' 
contributions. 

Competing interests 

A competing interest exists when your interpretation of data or presentation of information may be 
influenced by your personal or financial relationship with other people or organizations. Authors must 
disclose any financial competing interests; they should also reveal any non-financial competing 
interests that may cause them embarrassment were they to become public after the publication of the 
manuscript. 

Authors are required to complete a declaration of competing interests. All competing interests that are 
declared will be listed at the end of published articles. Where an author gives no competing interests, 
the listing will read 'The author(s) declare that they have no competing interests'. 

When completing your declaration, please consider the following questions: 

Financial competing interests 

 In the past five years have you received reimbursements, fees, funding, or salary from an 
organization that may in any way gain or lose financially from the publication of this 
manuscript, either now or in the future? Is such an organization financing this manuscript 
(including the article-processing charge)? If so, please specify. 

 Do you hold any stocks or shares in an organization that may in any way gain or lose 
financially from the publication of this manuscript, either now or in the future? If so, please 
specify. 

 Do you hold or are you currently applying for any patents relating to the content of the 
manuscript? Have you received reimbursements, fees, funding, or salary from an organization 
that holds or has applied for patents relating to the content of the manuscript? If so, please 
specify. 

 Do you have any other financial competing interests? If so, please specify. 

Non-financial competing interests  

Are there any non-financial competing interests (political, personal, religious, ideological, academic, 
intellectual, commercial or any other) to declare in relation to this manuscript? If so, please specify. 

If you are unsure as to whether you, or one your co-authors, has a competing interest please discuss it 
with the editorial office. 

http://www.translational-medicine.com/about
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Authors' contributions 

In order to give appropriate credit to each author of a paper, the individual contributions of authors to 
the manuscript should be specified in this section. 

An 'author' is generally considered to be someone who has made substantive intellectual contributions 
to a published study. To qualify as an author one should 1) have made substantial contributions to 
conception and design, or acquisition of data, or analysis and interpretation of data; 2) have been 
involved in drafting the manuscript or revising it critically for important intellectual content; and 3) 
have given final approval of the version to be published. Each author should have participated 
sufficiently in the work to take public responsibility for appropriate portions of the content. 
Acquisition of funding, collection of data, or general supervision of the research group, alone, does not 
justify authorship. 

We suggest the following kind of format (please use initials to refer to each author's contribution): AB 
carried out the molecular genetic studies, participated in the sequence alignment and drafted the 
manuscript. JY carried out the immunoassays. MT participated in the sequence alignment. ES 
participated in the design of the study and performed the statistical analysis. FG conceived of the 
study, and participated in its design and coordination and helped to draft the manuscript. All authors 
read and approved the final manuscript.  

All contributors who do not meet the criteria for authorship should be listed in an acknowledgements 
section. Examples of those who might be acknowledged include a person who provided purely 
technical help, writing assistance, or a department chair who provided only general support. 

Authors' information 

You may choose to use this section to include any relevant information about the author(s) that may 
aid the reader's interpretation of the article, and understand the standpoint of the author(s). This may 
include details about the authors' qualifications, current positions they hold at institutions or societies, 
or any other relevant background information. Please refer to authors using their initials. Note this 
section should not be used to describe any competing interests. 
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drafting the manuscript or revising it critically for important intellectual content, but who does not 
meet the criteria for authorship. Please also include the source(s) of funding for each author, and for 
the manuscript preparation. Authors must describe the role of the funding body, if any, in design, in 
the collection, analysis, and interpretation of data; in the writing of the manuscript; and in the decision 
to submit the manuscript for publication. Please also acknowledge anyone who contributed materials 
essential for the study. If a language editor has made significant revision of the manuscript, we 
recommend that you acknowledge the editor by name, where possible.  

The role of a scientific (medical) writer must be included in the acknowledgements section, including 
their source(s) of funding. We suggest wording such as 'We thank Jane Doe who provided medical 
writing services on behalf of XYZ Pharmaceuticals Ltd.' 

Authors should obtain permission to acknowledge from all those mentioned in the Acknowledgements 
section. 

Endnotes 

Endnotes should be designated within the text using a superscript lowercase letter and all notes (along 
with their corresponding letter) should be included in the Endnotes section. Please format this section 
in a paragraph rather than a list. 
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References 

All references, including URLs, must be numbered consecutively, in square brackets, in the order in 
which they are cited in the text, followed by any in tables or legends. Each reference must have an 
individual reference number. Please avoid excessive referencing. If automatic numbering systems are 
used, the reference numbers must be finalized and the bibliography must be fully formatted before 
submission. 

Only articles, datasets and abstracts that have been published or are in press, or are available through 
public e-print/preprint servers, may be cited; unpublished abstracts, unpublished data and personal 
communications should not be included in the reference list, but may be included in the text and 
referred to as "unpublished observations" or "personal communications" giving the names of the 
involved researchers. Obtaining permission to quote personal communications and unpublished data 
from the cited colleagues is the responsibility of the author. Footnotes are not allowed, but endnotes 
are permitted. Journal abbreviations follow Index Medicus/MEDLINE. Citations in the reference list 
should include all named authors, up to the first 30 before adding 'et al.'. 

Any in press articles cited within the references and necessary for the reviewers' assessment of the 
manuscript should be made available if requested by the editorial office. 

Style files are available for use with popular bibliographic management software: 

 BibTeX 

 EndNote style file 

 Reference Manager 

 Zotero 

Examples of the Journal of Translational Medicine reference style are shown below. Please ensure 
that the reference style is followed precisely; if the references are not in the correct style they may 
have to be retyped and carefully proofread.  

All web links and URLs, including links to the authors' own websites, should be given a reference 
number and included in the reference list rather than within the text of the manuscript. They should be 
provided in full, including both the title of the site and the URL, in the following format: The Mouse 
Tumor Biology Database [http://tumor.informatics.jax.org/mtbwi/index.do]. If an author or group of 
authors can clearly be associated with a web link, such as for weblogs, then they should be included in 
the reference. 

Examples of the Journal of Translational Medicine reference style 
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Article within a journal supplement 
Orengo CA, Bray JE, Hubbard T, LoConte L, Sillitoe I: Analysis and assessment of ab initio three-
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Published abstract 
Zvaifler NJ, Burger JA, Marinova-Mutafchieva L, Taylor P, Maini RN: Mesenchymal cells, stromal 
derived factor-1 and rheumatoid arthritis [abstract]. Arthritis Rheum 1999, 42:s250. 

Article within conference proceedings 
Jones X: Zeolites and synthetic mechanisms. In Proceedings of the First National Conference on 
Porous Sieves: 27-30 June 1996; Baltimore. Edited by Smith Y. Stoneham: Butterworth-Heinemann; 
1996:16-27. 

Book chapter, or article within a book 
Schnepf E: From prey via endosymbiont to plastids: comparative studies in dinoflagellates. In 
Origins of Plastids. Volume 2. 2nd edition. Edited by Lewin RA. New York: Chapman and Hall; 
1993:53-76. 

Whole issue of journal 
Ponder B, Johnston S, Chodosh L (Eds): Innovative oncology. In Breast Cancer Res 1998, 10:1-72. 

Whole conference proceedings 
Smith Y (Ed): Proceedings of the First National Conference on Porous Sieves: 27-30 June 1996; 
Baltimore. Stoneham: Butterworth-Heinemann; 1996. 

Complete book 
Margulis L: Origin of Eukaryotic Cells. New Haven: Yale University Press; 1970. 

Monograph or book in a series 
Hunninghake GW, Gadek JE: The alveolar macrophage. In Cultured Human Cells and Tissues. 
Edited by Harris TJR. New York: Academic Press; 1995:54-56. [Stoner G (Series Editor): Methods 
and Perspectives in Cell Biology, vol 1.] 

Book with institutional author 
Advisory Committee on Genetic Modification: Annual Report. London; 1999. 

PhD thesis 
Kohavi R: Wrappers for performance enhancement and oblivious decision graphs. PhD thesis. 
Stanford University, Computer Science Department; 1995. 

Link / URL 
The Mouse Tumor Biology Database [http://tumor.informatics.jax.org/mtbwi/index.do] 

Link / URL with author(s) 
Neylon C: Open Research Computation: an ordinary journal with extraordinary aims. 
[http://blogs.openaccesscentral.com/blogs/bmcblog/entry/open_research_computation_an_ordinary] 

Dataset with persistent identifier 
Zheng, L-Y; Guo, X-S; He, B; Sun, L-J; Peng, Y; Dong, S-S; Liu, T-F; Jiang, S; Ramachandran, S; 
Liu, C-M; Jing, H-C (2011): Genome data from sweet and grain sorghum (Sorghum bicolor). 
GigaScience. http://dx.doi.org/10.5524/100012. 

Preparing illustrations and figures 

Illustrations should be provided as separate files, not embedded in the text file. Each figure should 
include a single illustration and should fit on a single page in portrait format. If a figure consists of 
separate parts, it is important that a single composite illustration file be submitted which contains all 
parts of the figure. There is no charge for the use of color figures. 

Please read our figure preparation guidelines for detailed instructions on maximising the quality of 
your figures. 

http://dx.doi.org/10.5524/100012
http://www.biomedcentral.com/ifora/figures
http://www.biomedcentral.com/ifora/figuretypes
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Formats 

The following file formats can be accepted: 

 PDF (preferred format for diagrams) 

 DOCX/DOC (single page only) 

 PPTX/PPT (single slide only) 

 EPS 

 PNG (preferred format for photos or images) 

 TIFF 

 JPEG 

 BMP 

Figure legends 

The legends should be included in the main manuscript text file at the end of the document, rather than 
being a part of the figure file. For each figure, the following information should be provided: Figure 
number (in sequence, using Arabic numerals - i.e. Figure 1, 2, 3 etc); short title of figure (maximum 
15 words); detailed legend, up to 300 words. 

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. 

Preparing a personal cover page 

If you wish to do so, you may submit an image which, in the event of publication, will be used to 
create a cover page for the PDF version of your article. The cover page will also display the journal 
logo, article title and citation details. The image may either be a figure from your manuscript or 
another relevant image. You must have permission from the copyright to reproduce the image. Images 
that do not meet our requirements will not be used. 

Images must be 300dpi and 155mm square (1831 x 1831 pixels for a raster image). 

Allowable formats - EPS, PDF (for line drawings), PNG, TIFF (for photographs and screen dumps), 
JPEG, BMP, DOC, PPT, CDX, TGF (ISIS/Draw). 

Preparing tables 

Each table should be numbered and cited in sequence using Arabic numerals (i.e. Table 1, 2, 3 etc.). 
Tables should also have a title (above the table) that summarizes the whole table; it should be no 
longer than 15 words. Detailed legends may then follow, but they should be concise. Tables should 
always be cited in text in consecutive numerical order. 

Smaller tables considered to be integral to the manuscript can be pasted into the end of the document 
text file, in A4 portrait or landscape format. These will be typeset and displayed in the final published 
form of the article. Such tables should be formatted using the 'Table object' in a word processing 
program to ensure that columns of data are kept aligned when the file is sent electronically for review; 
this will not always be the case if columns are generated by simply using tabs to separate text. 
Columns and rows of data should be made visibly distinct by ensuring that the borders of each cell 
display as black lines. Commas should not be used to indicate numerical values. Color and shading 
may not be used; parts of the table can be highlighted using symbols or bold text, the meaning of 
which should be explained in a table legend. Tables should not be embedded as figures or spreadsheet 
files. 
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Larger datasets or tables too wide for a landscape page can be uploaded separately as additional files. 
Additional files will not be displayed in the final, laid-out PDF of the article, but a link will be 
provided to the files as supplied by the author. 

Tabular data provided as additional files can be uploaded as an Excel spreadsheet (.xls) or comma 
separated values (.csv). As with all files, please use the standard file extensions. 

Preparing additional files 

Although Journal of Translational Medicine does not restrict the length and quantity of data included 
in an article, there may still be occasions where an author wishes to provide data sets, tables, movie 
files, or other information as additional files. Results that would otherwise be indicated as "data not 
shown" can and should be included as additional files. Since many weblinks and URLs rapidly 
become broken, Journal of Translational Medicine requires that all supplementary data are included as 
additional files rather than as a link to your own website. These files can be uploaded using the 
'Additional Material files' button in the manuscript submission tool. 

The maximum file size for additional files is 20 MB each, and files will be virus-scanned on 
submission. 

Additional files will be linked to the final published article in the form supplied by the author, but will 
not be displayed within the article. They will be made available in exactly the same form as originally 
provided by the authors. 

If additional material is provided, please list the following information in a separate section of the 
manuscript text, immediately following the tables (if any): 

 File name (e.g. Additional file 1) 

 File format including the three-letter file extension (including name and a URL of an 
appropriate viewer if format is unusual) 

 Title of data 

 Description of data 

Additional files should be named "Additional file 1" and so on and should be referenced explicitly by 
file name within the body of the article, e.g. 'An additional movie file shows this in more detail [see 
Additional file 1]'. 

Additional file formats 

Ideally, file formats for additional files should not be platform-specific, and should be viewable using 
free or widely available tools. The following are examples of suitable formats. 

 Additional documentation  

o PDF (Adode Acrobat) 

 Animations  

o SWF (Shockwave Flash) 

 Movies  

o MOV (QuickTime) 

o MPG (MPEG) 

 Tabular data  
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o XLS, XLSX (Excel Spreadsheet) 

o CSV (Comma separated values) 

As with figure files, files should be given the standard file extensions. This is especially important for 
Macintosh users, since the Mac OS does not enforce the use of standard extensions. 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). 

Mini-websites 

Small self-contained websites can be submitted as additional files, in such a way that they will be 
browsable from within the full text HTML version of the article. In order to do this, please follow 
these instructions: 

1. Create a folder containing a starting file called index.html (or index.htm) in the root. 

2. Put all files necessary for viewing the mini-website within the folder, or sub-folders. 

3. Ensure that all links are relative (ie "images/picture.jpg" rather than "/images/picture.jpg" or 
"http://yourdomain.net/images/picture.jpg" or "C:\Documents and Settings\username\My 
Documents\mini-website\images\picture.jpg") and no link is longer than 255 characters. 

4. Access the index.html file and browse around the mini-website, to ensure that the most 
commonly used browsers (Internet Explorer and Firefox) are able to view all parts of the mini-
website without problems, it is ideal to check this on a different machine. 

5. Compress the folder into a ZIP, check the file size is under 20 MB, ensure that index.html is in 
the root of the ZIP, and that the file has .zip extension, then submit as an additional file with 
your article. 

Style and language 

General 

Currently, Journal of Translational Medicine can only accept manuscripts written in English. Spelling 
should be US English or British English, but not a mixture. 

There is no explicit limit on the length of articles submitted, but authors are encouraged to be concise. 
There is also no restriction on the number of figures, tables or additional files that can be included 
with each article online. Figures and tables should be numbered in the order in which they are referred 
to in the text. Authors should include all relevant supporting data with each article. 

Journal of Translational Medicine will not edit submitted manuscripts for style or language; reviewers 
may advise rejection of a manuscript if it is compromised by grammatical errors. Authors are advised 
to write clearly and simply, and to have their article checked by colleagues before submission. In-
house copyediting will be minimal. Non-native speakers of English may choose to make use of a 
copyediting service. 

Help and advice on scientific writing 

The abstract is one of the most important parts of a manuscript. For guidance, please visit our page on 
Writing titles and abstracts for scientific articles. 

Tim Albert has produced for BioMed Central a list of tips for writing a scientific manuscript. 
American Scientist also provides a list of resources for science writing. 

http://www.biomedcentral.com/ifora/abstracts
http://www.biomedcentral.com/ifora/report
http://www.americanscientist.org/issues/pub/the-science-of-scientific-writing
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Abbreviations 

Abbreviations should be used as sparingly as possible. They should be defined when first used and a 
list of abbreviations can be provided following the main manuscript text. 

Typography 

 Please use double line spacing. 

 Type the text unjustified, without hyphenating words at line breaks. 

 Use hard returns only to end headings and paragraphs, not to rearrange lines. 

 Capitalize only the first word, and proper nouns, in the title. 

 All pages should be numbered. 

 Use the Journal of Translational Medicine reference format. 

 Footnotes are not allowed, but endnotes are permitted. 

 Please do not format the text in multiple columns. 

 Greek and other special characters may be included. If you are unable to reproduce a 
particular special character, please type out the name of the symbol in full. Please ensure that 
all special characters used are embedded in the text, otherwise they will be lost during 
conversion to PDF. 

Units 

SI units should be used throughout (liter and molar are permitted, however). 

 

Manuscript	Submission	Guidelines	

	

Lupus	
 

 

9. Manuscript style  

Authors are asked to write their manuscripts in English. Spelling and phraseology should 
conform either to standard UK English or to standard American English and should be 
consistent throughout the paper. 

The Summary should not exceed 200 words. It should be written in a style that conveys the 
essential message of the paper in abbreviated form.  

The Introduction should assume that the reader is knowledgeable in the field and should 
therefore be as brief as possible. 

In the Materials and methods section, methods that have been published in detail elsewhere 
should not be described in detail. SI units should be used throughout the text. 

http://www.translational-medicine.com/authors/instructions/research#formatting-references
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9.1 File types 
Only electronic files conforming to the journal's guidelines will be accepted. 
Preferred formats for the text and tables of your manuscript are Word DOC, 
and tiff or jpeg for figures (ideally figures will use journal colours).Â Please 
also refer to additional guideline on submitting artwork [and supplemental 
files] below. 

9.2 Journal Style 
Lupus conforms to the SAGE house style.Â Click here to review guidelines on 
SAGE UK House Style. 

9.3 Reference Style 
Lupus adheres to the SAGE Vancouver reference style. Click here to review 
the guidelines on SAGE Vancouver to ensure your manuscript conforms to this 
reference style. 

It is important that references comply with the style of the journal. Exhaustive 
lists should be avoided. References should follow the Vancouver format, listed 
(double-spaced) in numerical order corresponding to the order of citation in the 
text.  

All authors should be quoted for papers with up to six authors; for papers with 
more than six authors, the first three only should be quoted followed by et al. 

No issue numbers should be quoted. 
Abbreviations for titles of medical periodicals should conform to those used in 
the latest editions of Index Medicus and Current Contents. The first and last 
page numbers for each reference should be provided. Abstracts and letters 
must be identified as such. 

Papers in press and papers already submitted for publication may be included 
in the list of references. No citation is required for work that is not yet 
submitted for publication. 

Personal communications may be allocated a number and included in the list of 
references in the usual way or simply referred to in the text. Authors must 
obtain permission from the individual concerned to quote his or her 
unpublished work. 

Examples of References: 
Journal article: 
1 Derksen RHWM, Bouma BN, Kater L. The association between the lupus 
anticoagulant and cerebral infarction in systemic lupus erythematosus. Scand J 
Rheumatol 1986; 15: 179-184. 
Journal article, in press: 
2 Mendonca LLF, Khamashta MA, Nelson-Piercy A, Hunt BJ, Hughes GRV. 
Nonsteroidal anti-inflammatory drugs as a possible cause for reversible 
infertility. Rheumatology (in press). 
Journal article submitted for publication: 
3 Khamashta MA, Cervera R, Asherson RA. Association of antibodies against 
phospholipids with heart valve disease in systemic lupus erythematosus 
(submitted for publication). 

http://www.uk.sagepub.com/repository/binaries/pdf/SAGE_UK_style_guide_short.pdf
http://www.uk.sagepub.com/repository/binaries/pdf/SAGE_Vancouver_reference_style.pdf
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Complete book: 
4 Wallace DJ, Dubois EL. Dubois' Lupus Erythematosus. Lea & Febiger, 
1987, p 51. 
Chapter in book: 
5 Christian CL. Etiologic hypotheses for systemic lupus erythematosus. In: 
Lahita RG (ed) Systemic Lupus Erythematosus. Wiley, 1987, 65-79. 
Abstract: 
6 Valesini G, Luan FL, Falco M. Clonal analysis of affinity purified 
anticardiolipin antibodies. Clin Exp Rheumatol 1988; 6: 214 (abstract 102). 
Letter to the Editor: 
7 Sills EM. Systemic lupus erythematosus in a patient diagnosed as having 
Shulman disease. Arthritis Rheum 1988; 31: 694 (letter). 

9.4. Manuscript Preparation 
The text should be double-spaced throughout and with a minimum of 3cm for 
left and right hand margins and 5cm at head and foot. Text should be standard 
10 or 12 point. SI units should be used throughout the text.  

9.4.1 Keywords and Abstracts 
The title, keywords and abstract are key to ensuring that readers find your 
article online through online search engines such as Google. Please refer to the 
information and guidance on how best to title your article, write your abstract 
and select your keywords by visiting SAGEâ€™s Journal Author Gateway 
Guidelines on How to Help Readers Find Your Article Online. 

9.4.2 Corresponding Author Contact details 
Provide full contact details for the corresponding author including email, 
mailing address and telephone numbers. Academic affiliations are required for 
all co-authors. 

9.4.3 Guidelines for submitting artwork, figures and other graphics 
For guidance on the preparation of illustrations, pictures and graphs in 
electronic format, please visit SAGEâ€™s Manuscript Submission Guidelines.  

TABLES 
Each table should be numbered consecutively with an Arabic numeral. Each 
should have a separate caption or title. Methods not described in the text and 
abbreviations should be explained at the foot of the table. Footnotes should be 
designated by superior lower case letters (a, b, c etc). Vertical lines should not 
be inserted in the table. Tables must be referred to specifically in the text of the 
paper. 

FIGURES 
Lettering should be planned for 50% reduction; text should be readable after 
reduction. Figures should be referred to as Figure 1, Figure 2 etc. Figures must 
be referred to specifically in the text of the paper. 

Images should be supplied as bitmap based files (i.e. with .tiff or .jpeg 
extension) with a resolution of at least 300 dpi (dots per inch). Line art should 
be supplied as vector-based, separate .eps files (not as .tiff files, and not only 
inserted in the Word or pdf file), with a resolution of 600 dpi. Images should 
be clear, in focus, free of pixilation and not too light or dark. 

http://www.uk.sagepub.com/journalgateway/findArticle.htm
http://www.uk.sagepub.com/journalgateway/msg.htm
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Colour photographs and Figures - Important information: 
Colour photographs and Figures, when accepted, will be published online. In 
the printed version, they will be in black and white (unless colour prints are 
paid for). Authors who submit in colour must ensure that their figures are of 
the highest definition for the black and white version otherwise these may not 
be accepted. In particular immuno-fluorescent and histological figures, as well 
as skin rashes, must be paid for in colour or omitted from the manuscript and 
replaced in a descriptive format. If, together with your accepted article, you 
submit usable colour figures, these figures will appear in colour online 
regardless of whether or not these illustrations are reproduced in colour in the 
printed version. For specifically requested colour reproduction in print, you 
will receive information regarding the possible costs from SAGE after receipt 
of your accepted article. 

9.4.4 Guidelines for submitting supplemental files  
The journal may be able to host approved supplemental materials online, 
alongside the full-text of articles. Supplemental files will be subjected to peer-
review alongside the article. Please contact the Editor 
(editorial@lupusjournal.co.uk) in the first instance.Â For more information 
please refer to SAGEâ€™s Guidelines for Authors on Supplemental Files.  

9.4.5 English Language Editing 
Non-English speaking authors who would like to refine their use of language 
in their manuscripts should have their manuscript reviewed by colleagues with 
experience of preparing manuscripts in English.  

Alternatively it might be useful to consider using a professional editing 
service. Visit http://www.uk.sagepub.com/journalgateway/msg.htm for further 
information. 

Back to top  

  

10. After acceptance             

10.1 Proofs 
We will email a PDF of the proofs to the 
corresponding author. Corrections should be 
limited to typographical amendments. Authors' 
approval will be assumed if corrections are not 
returned by the date indicated. 

10.2 E-Prints and Complimentary Copies 
SAGE provides authors with access to a PDF of 
their final article. For further information please 
visit Offprints and Reprints . We additionally 
provide the corresponding author with a 
complimentary copy of the print issue in which 
the article appears up to a maximum of 5 copies 
for onward supply by the corresponding author 
to co-authors. 

mailto:editorial@lupusjournal.co.uko
http://www.sagepub.co.uk/repository/binaries/doc/Supplemental_data_on_sjo_guidelines_for_authors.doc
http://www.uk.sagepub.com/journalgateway/msg.htm
http://www.uk.sagepub.com/msg/lup.htm#Top
http://www.uk.sagepub.com/journalgateway/pubPolicies.htm
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10.3 SAGE Production 
At SAGE we place an extremely strong 
emphasis on the highest production standards 
possible. We attach high importance to our 
quality service levels in copy-editing, 
typesetting, printing, and online publication ( 
http://online.sagepub.com/ ). We also seek to 
uphold excellent author relations throughout the 
publication process. 

We value your feedback to ensure that we 
continue to improve our author service levels. 
On publication all corresponding Authors will 
receive a brief survey questionnaire on your 
experience of publishing in Lupus with SAGE.   

10.4 OnlineFirst Publication 
A large number of SAGE journals benefit from 
OnlineFirst, a feature offered through SAGE’s 
electronic journal platform, SAGE Journals 
Online. It allows final revision articles 
(completed articles in queue for assignment to an 
upcoming issue) to be hosted online prior to their 
inclusion in a final print and online journal issue 
which significantly reduces the lead time 
between submission and publication. For more 
information please visit our OnlineFirst Fact 
Sheet  
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11. Further information 

If you would like to discuss your paper prior to submission, 
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Prof. GRV Hughes 
Lupus Research Unit 
The Rayne Institute 
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Tel: _44 20 7620 2567 
Fax: _44 20 7620 2658 
editorial@lupusjournal.co.uk  
Managing Editor: Dr Maria Laura Bertolaccini 
Editorial Assistant: Mrs Denzil Fletcher 

Contact information for the Publisher: 

Susan Lord 
SAGE Publications Ltd 
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APÊNDICE A  

Protocolo de Aprovação no Comitê de Ética 
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APÊNDICE B 

Termo de Consentimento Livre e Esclarecido 

 

Projeto de Pesquisa: Avaliação do estresse oxidativo, dos fatores de risco cardiovascular e 

da resposta imunológica em pacientes com Lúpus Eritematoso Sistêmico submetidos a 

tratamento com óleo de peixe e/ou óleo de oliva.  

 

 

Você, __________________________________________, idade _________ anos, residente 
em _______________________________, na cidade de __________________, telefone 
___________, recebeu todas as informações necessárias a respeito da realização deste projeto 
de pesquisa e declara estar completamente esclarecido sobre a forma como a pesquisa será 
realizada, não tendo dúvidas sobre a natureza e os procedimentos aos quais será submetido. 
Serão necessárias 2 coletas de sangue, uma no início do estudo e uma no término. As 
informações e os resultados obtidos nesta pesquisa não serão utilizados para outros fins e 
serão mantidos sob sigilo médico. Para tanto, assine aqui o consentimento para ser incluído no 
estudo, assumindo o compromisso de permitir a coleta de sangue venoso para a realização dos 
exames laboratoriais necessários. Declara também que está ciente de que sua participação é 
voluntária, de que será informado dos resultados dos exames realizados, de que não terá 
nenhum ônus e de que poderá deixar de participar do estudo a qualquer momento se assim o 
desejar, sem restrições de qualquer espécie e sem prejuízo ao seu atendimento.      

 

       Londrina, ____________________ 

 

 

Assinatura do participante ou responsável: ____________________________________ 

 

Assinatura do responsável pela pesquisa: _____________________________________ 
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