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RESEARCH DESIGN AND METHODS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure. Flow chart study population 

Note: some patients had a non-fatal and a fatal cardiovascular event, and some patients both 

suffered a stroke and had ischemic heart disease (IHD), or peripheral arterial disease (PAD). 

Time to the event that occurred first was used in the analyses. 

 

Other baseline assessments – All investigations were performed in the morning after an 

overnight fast. No antihypertensive medication was ever prescribed in 24% of patients with 

nephropathy and 88% of the normoalbuminuric patients. All of the remaining patients were 

asked to stop their antihypertensive and diuretic treatment 8 days before the examination, but 

15% of the 339 patients (27% in the nephropathy group) considered in our analyses did not 

comply with this recommendation. Arterial blood pressure was measured twice with an 

appropriate cuff size following at least 10 min rest in the supine position. Mean arterial 

pressure was calculated as [systolic blood pressure + (2*diastolic blood pressure)]/3. Pulse 

pressure was calculated by subtracting the diastolic from the systolic blood pressure, and used 

as a marker of arterial stiffness (1). Urinary albumin excretion was measured by an enzyme 

immunoassay from 24-h urine collections. Serum creatinine concentration was assessed by a 

kinetic Jaffé method. In all patients glomerular filtration rate (eGFR) was estimated according 

to the short Modification of Diet in Renal Disease equation (MDRD) = 186 * [serum 
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creatinine (mg/dL)]−1.154 
* [age]−0.203 

* [0.742 if patient is female] (2). Patients were 

interviewed using the WHO cardiovascular questionnaire. Individuals were categorized into 

three groups according to their smoking status as never, former or current smokers. 

 High-sensitivity C-reactive protein and secreted phospholipase A2 were determined by 

ELISAs as described previously (3). Commercially available ELISA kits were used for 

measurements of plasma soluble vascular cell adhesion molecule-1, soluble intercellular 

adhesion molecule-1 and interleukin-6 (Quantikine High Sensitivity; R&D Systems, Oxon, 

U.K.). The intra- and inter-assay CVs of these immunoassays were <8%. Protein-bound 

pentosidine levels were determined in plasma by a single step reversed phase based high-

performance liquid chromatography separation with fluorescent detection. Protein-bound N
ε
-

(carboxymethyl)lysine (CML) and N
ε
-(carboxyethyl)lysine (CEL) were determined in plasma 

by stable-isotope dilution tandem mass spectrometry. The intra- and inter-assay CVs were 

2.7% and 2.8% for pentosidine, 3.5% and 3.6% for CML, and 7.3% and 2.0% for CEL, 

respectively. The laboratory analyses of these biomarkers were done on frozen (-80°C) 

samples. 

 

 

RESULTS 

 

Additional analyses 

In all individuals, decline in eGFRMDRD per year (∆eGFRMDRD) was estimated using the last 

eGFRMDRD measure at follow-up. During the course of follow-up, and in patients with 

diabetic nephropathy only, GFR was also measured yearly after a single injection of 3.7 MBq 

51Cr-EDTA (GFREDTA) by determination of radioactivity in venous blood samples taken 180, 

200, 220 and 240 minutes after the injection. With the use of these data we estimated a more 

valid and precise rate of decline in kidney function (∆GFREDTA) over time in those patients 

with at least 3 follow-up measurements. 

 In order to clarify further the role of eGFR in the associations between Ln-sRAGE and 

incident fatal and non-fatal cardiovascular disease, we also investigated the extent to which 

Ln-sRAGE levels at baseline were associated with changes in (e)GFR and the extent to which 

any such associations could explain the sRAGE-related increase risks. 

eGFRMDRD decreased over the course of follow-up [median decline of: -2.07 

ml/min/1.73 m
2
 per year (inter-quartile range –2.90 to –1.19)]. After adjustments for baseline 

eGFRMDRD, age, sex, HbA1c, duration of diabetes, smoking status, MAP, total cholesterol and 

use of RAAS inhibitors or other antihypertensive treatment, higher levels of Ln-sRAGE at 

baseline were associated with an accelerated decline in eGFRMDRD [β=-0.34 ml/min/1.73m
2
 

per year, (95%CI: –0.90 to 0.21), p=0.227]. However, this association was present in 

individuals with nephropathy [β=-0.71 ml/min/1.73m
2
 per year (–1.70 to 0.29)], but not in 

those with normoalbuminuria [β=0.23 (–0.32 to 0.77)]. 

In patients with nephropathy we had data on ∆GFREDTA on 165 out of the 169 patients 

in this group: median decline of -2.99 ml/min/1.73 m
2
 per year (inter-quartile range: -5.15 to -

1.60). In these patients, and after adjustments for age, sex, HbA1c, duration of diabetes, MAP, 

smoking status, total cholesterol and use of RAAS inhibitors or other antihypertensive 

treatment, the rate of decline in ∆GFREDTA was 1.38 ml/min/1.73 m
2
 per year (p=0.036) 

greater per each unit increase in Ln-sRAGE levels at baseline. This raises the possibility that 

sRAGE-associated impaired renal clearance could explain, at least in part, the positive 

association between Ln-sRAGE and incident fatal and non-fatal cardiovascular disease. In 

addition, in these patients, the associations between Ln-sRAGE and incident fatal and non-

fatal CVD events as well as all-cause mortality (Table, models 4a and 5a) were further 
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attenuated when adjusted for ∆(e)GFR (either as estimated by MDRD or EDTA, but more 

strongly so by the latter).  
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Table. Associations between plasma Ln-sRAGE and incident CVD events and all-cause mortality in individuals with diabetic nephropathy (n=165) 

  CVD morbidity and mortality    All-cause mortality  

Model: adjustments HR 95% CI p-value  HR 95% CI p-value 

1: age, sex, HbA1c, and duration of diabetes 2.30 1.29; 4.11 0.005  2.77 1.56; 4.90 <0.001 

2: model 1 + MAP, smoking status and total cholesterol 1.88 1.08; 3.30 0.027  2.46 1.41; 4.29 0.001 

3: model 2 + RAAS inhibitors, other antihypertensive agents, and 

continuation of medication use at baseline examination 

 

1.86 1.02; 3.41 0.045  2.32 1.28; 4.20 0.005 

4: model 3 + baseline eGFR MDRD 1.43 0.72; 2.85 0.303  1.91 0.99; 3.68 0.054 

4a: model 4 + change in eGFRMDRD  1.45 0.73; 2.86 0.288  1.84 0.96; 3.53 0.068 

        

5: model 3 + baselineGFREDTA 1.47 0.72; 2.99 0.292  1.92 0.97; 3.79 0.060 

5a: model 5 + change in Ln-GFREDTA  1.24 0.64; 2.42 0.523  1.44 0.74; 2.80 0.281 

HR, hazard ratio for CVD morbidity and mortality or all-cause mortality per each unit increase in Ln-sRAGE levels at baseline; CI, confidence interval; CVD, cardiovascular 

disease; MAP, mean arterial pressure; eGFR, estimated glomerular filtration rate. 
 

 

  

 

 

 


