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ABSTRACT 
Objectives. To investigate whether advanced glycation endproducts (AGEs) are 
increased in patients with systemic lupus erythematosus (SLE), and are related to 
atherosclerosis, which is accelerated in SLE, and its traditional and non-traditional 
disease-related risk factors. 
Methods. Fifty-five SLE patients with quiescent disease and 55 age- and sex-matched 
controls were included. The amount of skin autofluorescence (AF), as a measure for 
the accumulation of AGEs, was assessed by the excitation-emission matrix scanner 
(AF-EEMS). Traditional risk factors and disease-related factors were recorded. Plasma 
levels of C-reactive protein (CRP), as a marker for systemic inflammation, were 
assessed. Intima-media thickness (IMT) of the common carotid artery was determined 
by ultrasound. 
Results. Skin AF-EEMS was increased in SLE patients as compared to controls (1.50 ± 
0.5 a.u. vs. 1.28 ± 0.4 a.u., p = 0.006). Regarding all included risk factors, univariate 
analyses in patients revealed that AF-EEMS was associated with age (r = 0.48, 
p<0.001), IMT (r = 0.35, p = 0.01), creatinine (r = 0.29, p = 0.03), damage index (r = 
0.29, p = 0.03), and disease duration (r = 0.32, p = 0.02). In multivariate analysis, age 
and disease duration were independent predictors of accumulation of AGEs in SLE 
(p<0.001, p = 0.03, respectively). 
Conclusions. AGEs are increased in SLE compared to controls. Our findings indicate 
that AGE accumulation is associated with disease duration and might contribute to the 
development of accelerated atherosclerosis in SLE and, therefore, could be used for 
assessment of risk for long-term vascular complications. 
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INTRODUCTION 
Systemic lupus erythematosus (SLE) is a systemic autoimmune disease with a chronic 
relapsing course. Increasing evidence shows that SLE patients have an increased risk 
for cardiovascular disease (CVD) due to accelerated atherosclerosis. The accumulation 
of advanced glycation endproducts (AGEs) is recognized as one of the factors 
contributing to the progression of atherosclerosis.1 AGEs are a class of compounds 
resulting from glycation and oxidation of proteins, lipids or nucleic acids. Glycation is 
the non-enzymatic addition or insertion of saccharide derivatives to these molecules, 
leading to the formation of intermediary Schiff bases and Amadori products, and, 
finally, to irreversible AGEs.2 The formation of AGEs occurs ubiquitously and 
irreversibly, and accelerated formation and accumulation of these compounds in 
diabetes contributes to their accelerated atherosclerosis.3-5 AGEs can also be formed in 
other conditions, such as chronic inflammation and renal failure.6;7 Inflammation leads 
to oxidative stress and consequent formation of reactive carbonyl compounds, which 
are partly transformed in AGEs. Apart from AGEs formation in the extracellular 
matrix, resulting in a decreased elasticity and increased thickness and rigidity of the 
vascular wall, the interaction of AGEs with a range of receptors, including the receptor 
for AGE (RAGE), has been implicated in endothelial dysfunction.8 The interaction 
induces oxidative stress and activation of intracellular signaling, causing secretion of 
cytokines and expression of cell adhesion molecules, vasoconstriction by reducing the 
production of nitric oxide, and coagulation.9-13 In a model of accelerated and advanced 
atherosclerosis in diabetic mice, treatment with soluble RAGE completely suppressed 
diabetic atherosclerosis.14 Furthermore, several clinical studies suggest that AGEs can 
predict long-term vascular complications.15-18 For example, serum AGEs have been 
shown to positively predict cardiovascular mortality in women without diabetes.16 
Meerwaldt et al demonstrated that AGEs accumulation, as determined by measuring 
skin autofluorescence (AF), was an independent and strong predictor of cardiovascular 
mortality in diabetic and hemodialysis patients.17;18 
In systemic autoimmune diseases, such as SLE, increased AGEs formation can be 
expected, as inflammation is common in these conditions. Furthermore, comparable to 
diabetes mellitus, accelerated atherosclerosis occurs in SLE as well and cannot be fully 
explained by the prevalence of traditional risk factors for CVD.19-28 
Based on these data, we hypothesized that tissue accumulation of AGEs is associated 
with accelerated atherosclerosis in SLE. Thus, we evaluated the presence of AGEs by 
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measuring skin AF in relation to the presence of early atherosclerosis, as measured by 
intima-media thickness (IMT). Assuming accumulation of AGEs in patients, we 
investigated whether the extent of AGEs accumulation correlates with traditional and 
non-traditional risk factors for CVD, including disease-related factors, such as disease 
duration and damage. 
 
PATIENTS AND METHODS 
Patients 
Fifty-five consecutive patients fulfilling the American College of Rheumatology 
(ACR) criteria for SLE29, who attended the out-patient clinic of the University Medical 
Center Groningen, were included (table 1). Exclusion criteria were pregnancy, diabetes 
mellitus and active disease within 4 months before participation, defined as SLE 
disease activity index (SLEDAI) >4.30 Fifty-five age and sex-matched healthy subjects 
were recruited as controls. All patients and controls were Caucasians, except for two 
Asian patients. Characteristics are given in table 2. The local research ethics committee 
gave approval for the study and informed consent was obtained from each participant. 
Information was obtained regarding the presence of CVD, defined as a history of 
ischemic heart disease (ICD-9 classification 410-414), cerebrovascular accidents or 
peripheral vascular disease based on medical records. Hypertension was defined as 
systolic arterial pressure above 140 mmHg and/or diastolic arterial pressure above 90 
mmHg, or use of antihypertensive drugs, prescribed with the aim to reduce blood 
pressure. Dyslipidemia was diagnosed if plasma cholesterol exceeded 6.21 mmol/l, 
plasma LDL cholesterol exceeded 3.36 mmol/l, plasma triglycerides exceeded 2.26 
mmol/l, or use of lipid-lowering drugs.31 Furthermore, body mass index (BMI) and 
smoking status were recorded. 
Current recommendations on the prevention of CVD emphasize that intervention 
should be based on the individual’s total burden of risk for CVD rather than on the 
level of any particular risk factor. To obtain an estimation of the overall cardiovascular 
risk the SCORE (systematic coronary risk evaluation) risk analysis was used.32 This 
estimation of ten year risk of fatal CVD is based on the traditional risk factors gender, 
age, total cholesterol level, systolic blood pressure and smoking status. As younger 
persons are essentially risk free within the next ten years, using the SCORE adjusted 
for that age would give a wrong impression of the long-term risk for young people with 
a high number of risk factors. The cardiovascular risk estimation was, therefore,  



Advanced glycation endproducts in SLE 

 69 

Table 1. Disease-related factors  
 Patients (n = 55) 

Cumulative ACR criteria, n (%)  
Malar rash 28 (51%) 
Discoid rash 16 (29%) 
Photosensitivity 24 (44%) 
Oral ulcers 11 (20%) 
Arthritis 32 (58%) 
Serositis 23 (42%) 
Renal disorder 26 (47%) 
Neurologic disorder 3 (5%) 
Hematologic disorder 39 (71%) 
Immunologic disorder 47 (85%) 
Antinuclear antibody 55 (100%) 

Duration of disease, months 145 (72-217) 
SLEDAI  2 (0-2) 
SLICC/ACR DI  

Without damage caused by CVD 
1 (0-2)  
0 (0-1)  

Presence of manifest CVD, n (%) 13 (24%) 
Anti ds-DNA, Farr 7 (0-23) 
Cumulative prednisolone dose, g 20 (13-39) 
Cumulative hydroxychloroquine dose, g 730 (364-1188) 
Cumulative azathioprine dose, g 237 (122-347) 

Data are expressed as median (interquartile range). 

 
extrapolated to the age of 60 years to circumvent such an underestimation. 
Furthermore, we assessed disease-related factors that might influence the development 
of atherosclerosis. Next to disease duration, disease-related damage was determined at 
the time of enrolment in the study using the systemic lupus International Collaborating 
Clinics/American College of Rheumatology Damage Index (SLICC/ACR DI).33 The 
use of prednisolone, hydroxychloroquine and azathioprine were categorized as ever or 
never used, and quantified as cumulative dose and time of treatment.  
 
Measurements of advanced glycation endproducts 
Tissue AGEs accumulation can be assessed as skin AF, following the principles of the 
AGE-reader, which is a validated and non-invasive technique.34;35 Repeated 
measurements on one day in controls and diabetic patients showed an overall Altman 
error percentage of 5%. In this study, an adapted set-up of the AGE-reader was used, 
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namely the excitation-emission matrix scanner (EEMS), which is a technique to 
determine skin AF (AF-EEMS), which has the additional potential to discriminate 
between AF spectra of different fluorophores. This technique and set-up has been 
described elsewhere.36 Briefly, approximately 4 cm² of the skin of the ventral site of 
the lower arm is illuminated using a 75 W Xenon lamp and a 0.2 m f/4 monochromator 
(PTI, New Jersey, USA). As in the AGE-reader, a fiber placed under an angle of 45° 
collects the light coming back from the skin, and leads it to a spectrometer. The 
measurement was performed at non-lesional skin, to prevent influences by the presence 
of skin disease in SLE patients. Skin color can also influence the measurement, as the 
skin reflection will decrease, when there is more pigment in the skin. The skin 
reflection ideally should be >6% to perform an adequate measurement. In this study, 
skin reflection of all patients and controls was >6%, except for 2 patients and 1 control. 
However, when we excluded these 3 measurements, and performed all analyses again, 
the same results were found. Therefore, we did not exclude these data.  
A series of measurements is obtained for each subject, varying the peak excitation 
wavelength from 360 to 405 nm with 5 nm interval steps. Additionally, a white 
reference measurement is performed to obtain reflectance. Furthermore, dark 
measurements are performed before each measurement to correct for dark current noise 
of the detector-array. All actions are performed automatically using a LabView 
program (National Instruments, Austin, USA). For each interval step, AF-EEMS 
measurement is composed of the average of 50 (separate) scans. A whole series of 
measurements can be performed in about ten minutes. To derive the mean skin AF 
from the excitation-emission matrices, firstly the AF-EEMS values for each separated 
excitation wavelength are calculated by dividing the mean emitted intensity per nm 
(Iem) in the range between 420 and 600 nm by the mean reflected excitation intensity 
per nm (Iex) between 300 and 420 nm for a given excitation wavelength and expressed 
in arbitrary units (a.u.), as was performed for the AGE-reader as well. Then, mean skin 
AF-EEMS is determined by calculating for each excitation step the contribution in 
excitation light intensity corresponding to that of a conventional AGE-reader lamp 
intensity spectrum with a maximum wavelength at 370 nm. The AF value is calculated 
off-line by automated analysis and is observer-independent. 
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Measurement of intima-media thickness 
To measure the extent of early atherosclerosis, we measured IMT of the common 
carotid artery as this segment can be assessed with high reproducibility using B-mode 
ultrasound, as described before.37 
 
Blood analyses 
Serum levels of lipids and creatinine were measured by routine techniques. Additional 
plasma samples for measuring levels of C-reactive protein (CRP) were stored at -20°C 
until analysis. CRP was measured using in-house enzyme-linked immunosorbent 
assays as described before.37 
In patients, antibodies to double stranded DNA (ds-DNA) were measured using Farr 
ammonium sulphate precipitation technique. Anticardiolipin antibodies and lupus 
anticoagulant were measured as described.38 Antiphospholipid antibody status was 
considered positive if the levels of either IgG or IgM anticardiolipin antibodies were 
≥40 GPL or MPL, respectively, or if lupus anticoagulant was present on more than one 
occasion.  
 
Statistical methods 
Except when stated otherwise, values were expressed as mean ± standard deviation, 
when variables were normally distributed. In case of a non-normal distribution data 
were reported as median and interquartile range. Comparisons between patients and 
controls were made by two-sample t-tests or Mann-Whitney tests for continuous 
variables and by chi-square analysis for categorical variables. The univariate 
correlation between AF-EEMS values and other categorical variables was assessed by 
Pearson correlation coefficient, when variables were normally distributed. Otherwise, 
Spearman correlation coefficient was used. Significant correlations were defined as 
strong when the r value exceeded 0.5, and as moderate when the r value was between 
0.26 and 0.5. To assess the influence of tested parameters on AF-EEMS, multiple 
linear regression analysis was performed with mean skin AF-EEMS as the dependent 
variable and all variables which were significantly correlated in univariate analyses as 
independent variables. Disease-related factors were transformed into dummy variables 
to perform this multivariate analysis. All analyses were performed using SPSS 12.0. A 
two-sided p value <0.05 was considered to indicate statistical significance. We 
performed a power analysis based on the study of Meerwaldt et al, in which AF values 
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of 109 hemodialysis patients (2.4 ± 0.7 a.u.) were compared to AF values of 43 
controls (1.0 ± 0.1 a.u.).17 We hypothesized that AF values of SLE patients might be in 
between the AF values of these patients and controls. Power analysis revealed that at 
least 49 patients and controls had to be included to detect a difference in AF of 0.4 a.u. 
with a standard deviation of 0.7 at a significance level of 0.05 with a power of 80%. 
 
RESULTS 
Clinical characteristics of patients and controls 
Patients were comparable to controls regarding age, gender and BMI (table 2). The 
prevalence of hypertension was increased in SLE patients compared to controls. This 
difference was due to increased use of antihypertensive drugs among patients and not 
to increased level of actually measured blood pressure. No difference was found in the 
prevalence of dyslipidemia, however, more patients used lipid-lowering drugs than 
controls, probably an explanation for the increased lipid levels, including total, HDL 
and LDL cholesterol, found in controls. Furthermore, smoking was more frequently 
present among patients than controls. Although, as shown, traditional risk factors were  
 
Table 2. Clinical characteristics of patients and controls 

 Patients (n = 55) Controls (n = 55) p value 

Age, years 43 ± 12 43 ± 13 NS 
Men, n (%) 8 (15%) 8 (15%) NS 
Body mass index, kg/m2 24 ± 4 25 ± 4 NS 
Smokers, n (%) 14 (25%) 2 (4%) <0.01 
Hypertension, n (%)* 

Antihypertensive drugs, n (%) 
Systolic blood pressure, mmHg 
Diastolic blood pressure, mmHg 

24 (44%) 
21 (38%) 
128 ± 17 
80 ± 9 

8 (15%) 
0 
125 ± 18 
78 ± 10 

0.001 
<0.001 
NS 
NS 

Dyslipidemia, n (%) 
Lipid-lowering drugs, n (%) 
Cholesterol, mmol/l 
HDL, mmol/l 
LDL, mmol/l 

23 (42%) 
13 (24%) 
4.7 ± 0.9 
1.5 ± 0.3 
2.6 ± 0.8 

14 (26%) 
0 
5.4 ± 1.0 
2.0 ± 0.8 
2.9 ± 1.2 

NS 
<0.001 
<0.001 
<0.001 
0.05 

SCORE extrapolated to 60 years, % 2.7 (1.9-4.3) 2.6 (1.8-4.2) NS 
Creatinine, µmol/l 82 (74-96) 75 (68-82) 0.01 
CRP, mg/l 2.5 (1.1-6) 1.6 (0.4-2.8)  0.01 

Unless otherwise indicated, data are expressed as mean ± standard deviation when normally distributed and as 
median (interquartile range) when non-normally distributed. 
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not equally distributed between patients and controls, the total cardiovascular risk, 
calculated using SCORE, did not differ between both groups. Patients had increased 
levels of creatinine and CRP compared to controls. 
IMT did not differ between patients and controls (0.64 (0.57-0.72) mm vs. 0.67 (0.59-
0.76) mm, p = 0.52). Disease-related factors of the patients are presented in table 1. 
Median duration of SLE was 145 months. At the time of measurement 27 (49%) 
patients were using prednisolone with a daily median dose of 7.5 mg (minimum-
maximum: 3.75-15 mg). Prednisolone dose was not changed in the 3 months prior to 
measurements. Furthermore, 21 (38%) patients were using hydroxychloroquine with a 
daily median dose of 400 mg (200-800 mg), and 15 (27%) were using azathioprine 
(median: 100 mg a day, 50-150 mg). Two patients also received mycophenalate 
mofitel, one patient methotrexate and one patient cyclophosphamide. 
Concerning antiphospholipid antibodies status, nine (16%) patients were positive for 
lupus anticoagulant and six (11%) for either IgG or IgM anticardiolipin antibodies. 
 
Skin AF-EEMS in patients and controls 
AF-EEMS values for each separated excitation wavelength were significantly 
increased in SLE compared to controls with ratio’s SLE:CTL ranging from 1.15 to 1.19 
(p<0.05). Mean skin AF-EEMS was also significantly increased in patients compared 
to matched controls (1.50 ± 0.5 a.u. vs. 1.28 ± 0.4 a.u., p = 0.006).  
Using data of both patients and controls, skin AF-EEMS did not differ between 
smokers (n = 16) and non-smokers (n = 94) (1.42 ± 0.4 a.u. vs. 1.38 ± 0.5 a.u., p>0.05) 
or between male (n = 16) and female (n = 94) (1.55 ± 0.7 a.u. vs. 1.36 ± 0.4 a.u., 
p>0.05). Also, no difference between smokers and non-smokers, or between male and 
female were found using data of patients and controls, separately (data not shown). 
Comparing those patients with manifest CVD (n = 13) to those without manifest CVD 
(n = 42) skin AF-EEMS did not differ (1.54 ± 0.4 a.u. vs. 1.49 ± 0.6 a.u., p>0.05).  
Also, use of prednisolone did not influence skin AF-EEMS, as patients who used 
prednisolone (n = 27) did not differ from those who did not receive prednisolone (n = 
28) (1.48 ± 0.5 a.u. vs. 1.52 ± 0.5 a.u., p>0.05). Furthermore, patients with 
antiphospholipid antibodies (n = 14) did not have increased skin AF-EEMS compared 
to those without antiphospholipid antibodies (n = 41) (1.48 ± 0.4 a.u. vs. 1.51 ± 0.6 
a.u., p>0.05). 
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Factors potentially related to skin AF-EEMS 
Results of univariate analyses between skin AF-EEMS and risk factors for CVD are 
given in table 3. In patients, moderate correlations were found between skin AF-EEMS 
and age, serum creatinine, mean IMT, SLICC/ACR DI, as well after correction for 
damage caused by CVD, and disease duration (figures 1 and 2A). After correction for 
age, by subtracting the values of age- and sex-matched controls, disease duration 
remained moderately correlated with mean skin AF-EEMS (figure 2B). In controls, a 
moderate correlation was found between skin AF-EEMS and age. 
Multivariate analysis, including the independent variables age, gender, serum 
creatinine, mean IMT, SLICC/ACR DI and disease duration, revealed that age and 
disease duration longer than 10 years were independently associated with skin AF-
EEMS (table 4).  
 
Table 3. Univariate correlations between skin AF-EEMS and risk factors for CVD 

 

 
 

Patients (n = 55) Controls (n = 55)  
 R p value R p value 

Age 0.48 <0.001 0.44 0.001 
Body mass index -0.16 0.23 0.15 0.29 
Systolic blood pressure 0.18 0.19 0.20 0.17 
Diastolic blood pressure -0.01 0.95 0.07 0.64 
Cholesterol -0.67 0.63 0.03 0.85 
HDL 0.07 0.59 -0.03 0.86 
LDL -0.09 0.53 0.01 0.97 
SCORE 0.19 0.17 0.10 0.49 
Creatinine 0.29 0.03 0.05 0.77 
CRP 0.14 0.32 0.29 0.14 
Mean IMT 0.35 0.01 0.21 0.21 
Duration of disease 0.32 0.02   
SLEDAI  -0.06 0.69   
SLICC/ACR DI  

Without damage caused by CVD 
0.29 
0.27 

0.03 
0.04 

  

Anti ds-DNA  0.05 0.73   
Cumulative prednisolone dose -0.13 0.35   
Cumulative hydroxychloroquine dose 0.22 0.12   
Cumulative azathioprine dose -0.05 0.71   
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Figure 1. Correlation between autofluorescence and intima-media thickness (IMT) in patients and controls.  
In SLE patients, IMT is positively correlated with autofluorescence of the skin, as obtained by the 
Excitation-Emission Matrix Scanner (straight line, r = 0.35, p = 0.01). No correlation was found in controls 
(dotted line, r = 0.21, p>0.05). Open circles represent controls and closed circles represent SLE patients. 

 
Table 4. Multiple linear regression with AF-EEMS as dependent variable including SLE and CTL (n = 110) 

Variable Beta p value 

Constant 1.021  
Age 0.019 <0.001 
Gender (men defined as 0) -0.258 0.09 
Mean IMT -0.541 0.21 
Creatinine -0.001 0.61 
Disease duration 

<5 years 
5-10 years 
10-15 years 
>15 years 

 
0.18 
0.21 
0.33 
0.35 

 
0.33 
0.19 
0.03 
0.03 

SLICC/ACR DI 
SLICC/ACR DI = 1 
SLICC/ACR DI >1 

 
-0.057 
0.056 

 
0.72 
0.70 

 
DISCUSSION 
We hypothesized that AGEs might be increased in SLE, an essentially euglycemic 
disease with relapsing episodes with systemic inflammation, superposed on chronic 
low-grade inflammation. As AGEs contribute to atherosclerosis, their presence might 
be important in SLE, since these patients are prone to develop CVD. Indeed, this study 
shows for the first time that SLE patients have an increased accumulation of AGEs, 
which tended to be related to IMT. 
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     A.                                                                             B.     

 
 
 
 
 
 
 
Figure 2. Correlation between autofluorescence and duration of SLE.  
A. Autofluorescence, as obtained by the Excitation-Emission Matrix Scanner, is positively correlated with 
duration of SLE (r = 0.32, p = 0.02); 
B. After correction for age, as determined using the data of the matched controls, this correlation remains 
significant (r = 0.28, p = 0.04). 

 
We determined the accumulation of AGEs by measuring skin AF. This method was 
validated by Meerwaldt et al, who demonstrated that skin AF was strongly associated 
with AGEs as measured in skin biopsies.17;35 This new technique is rather simple, rapid 
and non-invasive. Skin lesions and skin color may influence the measurement. 
Recently, new software was developed in our lab to be able to perform AF 
measurements in more pigmented skin. A pilot study using this new software revealed 
that even in Fitzpatrick skin type V, AF value can be determined independently of skin 
pigmentation. We did not measure AGEs blood levels because AGEs in tissue may 
better reflect the chronic accumulation of AGEs than measuring AGE from serum or 
plasma.34 Furthermore, there is still a lack of uniformity in assays to determine AGEs 
in serum or plasma. 
In this study, AF-EEMS values were calculated from responses at separate 
wavelengths as obtained with the EEMS. The relatively equal increases in SLE patients 
compared to controls for all selected excitation wavelengths seem to suggest that the 
involved AGEs in SLE are not different from those in controls, but have accumulated 
more than in the controls. 
Furthermore, we determined a mean value by calculating for each excitation step the 
contribution in excitation light intensity corresponding to that of a conventional AGE-
reader lamp intensity spectrum. AF values obtained with this AGE-reader in patients 
with diabetes and controls (unpublished data) are higher than mean skin AF-EEMS 
values found in this study. This increase might be explained by slight differences 
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between both setups. Therefore, these AF-EEMS values cannot be directly compared to 
data obtained with the AGE-reader.  
In previous reports it has been shown that in diabetic patients, the amount of AGEs was 
related to age, creatinine levels, diabetes duration, mean HbA1c of the previous year, 
levels of low density lipoproteins, levels of CRP, and the presence of CVD.17;39 We 
confirmed a relation between skin AF-EEMS and age in SLE patients, and between 
skin AF-EEMS and levels of creatinine. No relation was found between AF value and 
SCORE, which combines several different cardiovascular risk factors. However, this 
might be explained by the fact no pre-treatment values of blood pressure were used, 
resulting in an underestimation of the SCORE in patients. Furthermore, despite the 
moderate positive correlation between skin AF and IMT, no significant difference was 
found between patients with and without CVD. This is probably due to the small 
number of patients having CVD (n = 13). Therefore, prospective studies with a larger 
number of patients should be performed to investigate the relation between skin AF 
and CVD in SLE.  
Interestingly, we also found a moderate, but significant, correlation between skin AF-
EEMS and disease duration, which remained significant in multivariate analysis, when 
disease duration exceeded 10 years. This might suggest that cumulative disease activity 
itself may play an important role in the increased accumulation of AGEs in patients 
compared to controls. This suggestion is supported by the fact that also skin AF-EEMS 
and SLICC/ARC DI tended to be positively correlated (r = 0.29, p = 0.03).  
Several possible mechanisms may explain increased accumulation of AGEs in SLE. 
First, SLE is characterized by inflammation, as demonstrated by increased levels of 
CRP. It has been demonstrated that AGEs can be formed in an inflammatory 
environment. This may explain the increased accumulation of skin AGE during the 
course of the disease, depicted in figure 2. Indeed, others including larger number of 
patients than the present study demonstrated a positive correlation between levels of 
CRP and skin AF.17;40 
Secondly, AGEs can be formed in an environment of enhanced oxidative stress, 
especially lipid derived AGEs, such as N -(carboxymethyl)lysine. Perhaps enhanced 
oxidative stress, probably present in such an inflammatory environment as SLE, plays 
a role in the accumulation of AGEs in this disease. It would be interesting to monitor 
skin AF repeatedly during and after episodes of active disease. In the presence of active 
inflammation and oxidative stress skin AF might be even further increased. 



Chapter 5 

 78 

Anti-inflammatory drugs, especially corticosteroids, might influence the formation of 
AGEs, as they might influence atherosclerosis.27 However, it is difficult to interpret 
data concerning this interaction, as, on the one hand, these drugs may reduce 
accumulation of AGEs, as they suppress inflammation and oxidative stress, when given 
in sufficient doses. On the other hand, SLE patients receiving high doses of 
corticosteroids often have more severe disease, resulting in a more inflammatory 
environment, and, thus, in an increased accumulation of AGEs. In this study, we did 
not observe an association between skin AF-EEMS and immunosuppressive treatment.  
AGEs are involved in the development of atherosclerosis via different pathways.3-5;8-11 
Through interaction with their major cellular receptor RAGE, AGEs may prime 
monocytes and endothelial cells, thereby amplifying pro-inflammatory mechanisms in 
atherosclerotic plaque formation. Therefore, we assessed, besides skin AF-EEMS, also 
IMT, as a measure of atherosclerosis. Indeed, a moderate, positive correlation was 
found between skin AF-EEMS and IMT in SLE patients. As accelerated 
atherosclerosis in SLE cannot be fully explained by traditional risk factors19;21-28, these 
AGEs may constitute a link between inflammation and accelerated atherosclerosis in 
SLE. Moreover, when AGEs are indeed playing a pathogenic role in the acceleration of 
atherosclerosis in SLE, AF values cannot only be used to predict CVD, but also as an 
monitoring tool for treatment, as AGE accumulation can be reduced using AGE 
formation inhibitors or breakers, or receptor blockers.2 
In conclusion, SLE patients have increased levels of AGEs, which are moderately 
associated with disease duration and IMT. Our data suggest that the longer the disease 
is present, the more AGEs have accumulated, resulting in accelerated development of 
atherosclerosis. Therefore, new strategies to prevent acceleration of atherosclerosis in 
SLE patients could aim at reduction of AGEs formation. Furthermore, studies should 
be performed to investigate whether this simple, rapid and non-invasive method can be 
used to predict cardiovascular mortality in SLE.  
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