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4. Rationale:  

Advanced glycation end products (AGEs) and their cell-bound receptors (RAGE) 

have been implicated in the pathogenesis of diabetes (Goldin et al., 2006; Goh & Cooper, 

2008; Selvin et al., 2013). When stimulated by AGEs, RAGE induces inflammation and 

is thought to fuel progression of chronic disease through nuclear factor (NF)-kB-

mediated signaling (Yan et al., 2008). The soluble form of RAGE (sRAGE) is a cleavage 

product of RAGE and may prevent the inflammatory processes initiated by RAGE 

activation (Wautier et al., 1996). Alternatively, high sRAGE levels may simply be 

reflective of AGE-elicited inflammation. Similar to AGEs, elevated levels of circulating 

sRAGE may result from decreased renal clearance (Hartog et al., 2005). Inhibition of the 

renin angiotensin system through the use of angiotensin converting enzyme inhibitors 

among kidney disease patients may increase the production and secretion of sRAGE 

(Forbes et al., 2005). 

Low levels of sRAGE have been shown to be independently associated with an 

increased risk of diabetes, coronary heart disease, and mortality in the ARIC Study 

(Selvin et al., 2013). However, the role of this marker in kidney disease is less well 

known. A few cross-sectional studies have related higher levels of sRAGE to decline in 

kidney function, chronic kidney disease (CKD), end-stage renal disease (ESRD), and 

dialysis (Kalousová et al., 2006; Gohda et al., 2008; Kim et al., 2012; Semba et al., 2008; 

Basta et al., 2010). In a prospective study of 230 women without kidney disease at 

baseline, baseline sRAGE level was positively associated with incident CKD (defined as 

eGFR <60 mL/min/1.73m
2
 at the follow-up visit) during 12 months of follow-up (odds 

ratio: 1.32; 95% confidence interval: 1.01, 1.74; p=0.05) (Semba et al., 2008). However, 

this study had a relatively short observation time, small sample size, and lacked a control 

group. Rigorous prospective studies are needed to establish temporality. 

Using data from a nested case-cohort study and a nested case-control study in the 

ARIC cohort, we will conduct prospective analyses to determine whether levels of 

sRAGE are associated with incident CKD and incident ESRD. 

 

5. Main Hypothesis/Study Questions: 

Hypothesis 1: sRAGE is positively and independently associated with incident CKD. 

Hypothesis 2: sRAGE is positively and independently associated with incident ESRD. 

 

6. Design and analysis (study design, inclusion/exclusion, outcome and other 

variables of interest with specific reference to the time of their collection, summary 

of data analysis, and any anticipated methodologic limitations or challenges if 

present). 

 

Unless otherwise specified, the methods below pertain to both study 1 (case-cohort) and 

study 2 (case-control). 

 

Study Design:  

Study 1: Nested case-cohort study with six years of follow-up within the Atherosclerosis 

Risk in Communities (ARIC) study (N=1,942) 

 



 

 

Study 2: Nested, matched case-control study with 18 years of follow-up within the ARIC 

study (N=302) 

 

Inclusion/Exclusion:  
Study 1: 

The eligibility criteria for case and control selection were as follows: 

 

1) Estimated glomerular filtration rate (eGFR) ≥ 60 mL/min/1.73m
2
 at ARIC study 

visit 2 

2) Not missing hypertension status, diabetes status, smoking status, and lipid levels 

(low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, 

triglycerides) at ARIC study visit 2 

3) Not missing eGFR at ARIC study visit 4 

4) Black in Jackson, white in Minneapolis, white in Washington County, white or 

black in Forsyth 

 

Study 2:  

1) Not missing eGFRSCr at ARIC study visit 2 

2) Not missing diabetes status at ARIC study visit 2 

3) No ESRD prior to ARIC study visit 2 

4) Black in Jackson, white in Minneapolis, white in Washington County, white or 

black in Forsyth 

 

Case Definition:  
Study 1: Incident CKD was defined as not having kidney disease at ARIC study visit 2 

(1990-1992, eGFR ≥ 60 mL/min/1.73m
2
) and developing kidney disease by ARIC study 

visit 4 (1996-1998, eGFR < 60 mL/min/1.73m
2
 and ≥ 25% eGFR decline during six years 

of observation) (n=653). Two case groups will be defined: one based on eGFRSCr and one 

based on eGFRSCys. 

 

Study 2: Incident ESRD was defined as not having ESRD prior to ARIC study visit 2 and 

developing ESRD by surveillance of hospitalizations and deaths through December 31, 

2005 (n=161). ESRD-related hospitalizations and deaths included those with any of the 

following ICD-9 and ICD-10 codes: 585.5, 585.6, 39.95, 54.98, N18.0, V42.0, V45.1, 

V56.0, V56.1, V56.2, V56.3, V56.8, Z45.2, Z49.1, Z94.0, and Z99.2.  

 

Selection of Comparison Groups:  
Study 1: A random sample of eligible participants was selected to serve as the sub-cohort, 

AKA cohort random sample (n=1,289). 

 

Study 2: Controls were frequency matched to cases on sex, race, diabetes status, and 

eGFRSCr categories (per 10 mL/min/1.73m
2
 category, i.e. 10-19, 20-29, 30-39, etc.) at 

ARIC study visit 2 (n=141). Controls did not develop ESRD during follow-up, from 

ARIC study visit 2 until December 31, 2005. 

 



 

 

Exposures: Levels of sRAGE was measured with an ELISA from stored plasma samples 

that were collected during ARIC study visit 2 (Quantikine® Human RAGE 

Immunoassay, R&D Systems, Minneapolis, MN).  

 

Other Variables of Interest: C-reactive protein was measured from stored plasma 

samples using a high-sensitivity immunoturbidimetric assay on the Siemens (Dade 

Behring, Deerfield, IL) BNII analyzer (Dade Behring). HbA1c was measured from stored 

whole blood samples using high-performance liquid chromatography, and values were 

standardized to the Diabetes Control and Complications Trial HbA1c assay. 

Two estimates of GFR will be calculated: 1) CKD-EPI equation using serum creatinine 

only, and 2) CKD-EPI equation using cystatin C only. To examine the independent 

association of sRAGE with incident CKD and ESRD, the following variables from ARIC 

study visit 2 will be considered for inclusion in multivariate regression models: age, sex, 

race, systolic blood pressure, antihypertensive medication use (including angiotensin 

converting enzyme inhibitors), current smoker, body mass index, low-density lipoprotein, 

high-density lipoprotein, and triglycerides. 

 

Data Analysis: 

 Descriptive statistics will be used to describe the study population overall, to 

compare cases with controls, and to examine differences by sRAGE quartile. For study 1, 

quartiles will be created based on the distribution of sRAGE in the sub-cohort. In study 2, 

quartiles will be created based on the distribution of sRAGE in the entire study 

population. Differences in baseline characteristics by case status will be tested using χ
2
 

and t tests. Differences in baseline characteristics by sRAGE quartile will be testing using 

ANOVA, Kruskal-Wallis, and χ
2
 tests. sRAGE will be expressed continuously and in 

quartiles. The correlation between sRAGE, eGFRSCr, eGFRSCys, ACR, HbA1c, hsCRP, 

and β2-microglobulin will be estimated in the sub-cohort in study 1 and in the entire study 

population in study 2. 

 Unadjusted and adjusted means (standard deviations) and medians (inter-quartile 

ranges) will be calculated for sRAGE by case status. Unadjusted and adjusted logistic 

regression models will be used to examine the association between sRAGE and incident 

CKD in study 1, using a robust variance estimator and inverse probability weighting. In 

study 2, we will use conditional logistic regression to examine the association between 

sRAGE and incident ESRD. Crude and adjusted odds ratios and 95% confidence 

intervals for incident CKD and incident ESRD will be estimated for an increase of one 

inter-quartile range, an increase of one standard deviation, and by quartile of sRAGE. 

Potential covariates for multivariate models include: age, sex, race, systolic blood 

pressure, antihypertensive medication use, current smoker, body mass index, low-density 

lipoprotein, high-density lipoprotein, and triglycerides. For race- and gender-stratified 

analyses, race- and gender-specific quartiles, inter-quartile ranges and standard deviations 

will be calculated, and regression models will be repeated for the estimation of incident 

odds ratios and 95% confidence intervals.  

 

Limitations/Challenges: Loss-to-follow up between ARIC study visit 2 and 4 may have 

introduced selection bias, since individuals with disease may be less likely than healthy 

individuals to attend follow-up study visits. The plasma specimens may have been 



 

 

compromised during long-term freezer storage between the time of collection and time of 

laboratory measurement.  
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