
Diabetic Kidney Disease (DKD) is a major cause of 

morbidity and mortality in people with type 1 diabetes 

(T1D), and develops silently during a 10-20 year 

period before it is clinically detectable.

We have previously shown the association and 

predictive value of specific advanced glycation end 

products (AGEs) for biopsy documented DKD events 

in type 1 and 2 diabetes.

The goal of these studies is to determine if similar 

AGEs predict DKD in DCCT/EDIC.
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Cox proportional hazards models were used to investigate 

the association between biomarkers as fixed (baseline and 

early EDIC) or time-dependent (all 4 time points) covariates 

and DKD outcome.

Models were fully adjusted for covariates including age, 

HbA1c, duration of diabetes, treatment group, cohort, BMI, 

HDL, LDL, sex, systolic and diastolic blood pressure.

The hazard ratios in the Cox models are presented per 20% 

increase in the biomarker value (or equivalently, per 1.2-fold 

change).
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 DCCT (1983-1993): 1441 participants (13-39 years old) with 
T1D duration 1-15 years were randomly assigned to intensive 
versus conventional therapy and followed for a mean of 6.5 
years.

 EDIC (1994-present): 94% (1,214) of the surviving DCCT 
cohort continue observational follow-up under similar mean 
glycemic control.

 Outcome: 

 >40% decline in GFR from baseline on 2 consecutive visits 
on yearly determinations.

 Macroalbuminuria  (AER≥300 mg/24 h) or ESRD .

Sub-cohort:

 The participants (n=459) were selected using a case-cohort 
design with 109  cases of >40% decline in GFR and 106 
macroalbuminuria cases observed over an average of 26.8 yrs. 

 Biomarkers measured :

 Plasma and urine AGEs (Carboxyethyllysine [CEL] 

Carboxymethyllysine (CML), 3 deoxyglucosone (3DGH), 

methylglyoxal (MGH1), and glyoxal (GH1) hydroimidazolones 

and OPs methionine sulfoxide and 2-Aminoadipic acid were 

measured by LC/ triple quadrupole mass spectrometry.

 Products measured at four time points: DCCT baseline, 

DCCT year 1, DCCT closeout and EDIC year 1-2. 

METHODS ABSTRACT

CONCLUSIONS

 Most of the >40% decline in GFR events occurred after visit 

4 at year 1-2 of EDIC. More specifically, 104/109 events 

occurred after visit 4 during EDIC.  Proteinuria outcomes 

were seen earlier, with 30 events occurring during DCCT, 

and 76 during EDIC. 

Analyses of the association between plasma AGEs and 

macroalbuminuria or ESRD showed weak associations except for 

CML adjusted for all covariates (p=0.042)

After partial or complete adjustment for covariates no significant 

associations between urinary AGEs or oxidation products and 

DKD (>40% decline in GFR) progression was observed.

Similar negative associations were observed for the traditional 

DCCT/EDIC nephropathy endpoint (Macroalbuminuria and 

ESRD) and urinary levels of AGEs. 

The observed associations of DKD with AGEs were independent 

of concurrent blood glucose levels as shown when adjustment 

was made for the updated mean HbA1c as a time dependent 

covariate.

Significant associations were seen between plasma 

levels of three specific AGEs: Carboxymethyllysine 

(CML, p=0.003), 3-deoxyglucosone hydroimidazolone 

(3DG-H, p=0.0007), and carboxyethyllysine (CEL, 

p=0.021) and progression of DKD in DCCT/EDIC, 

independently of glycemic control (HbA1c).

These findings confirm prior studies showing that CEL 

and CML independently predict DKD in type 1 and 2 

diabetes, and that 3-deoxyglucosone and it’s end-

product 3DG-H is most strongly associated with DKD.

Early identification of those at high risk of progression to 

DKD by measuring specific AGEs may provide 

predictive power above traditional risk factors and allow 

the institution of preventive therapies.

RESULTS-CONTINUED
SEQUENCE OF RENAL EVENTS

Introduction: Early diagnostic measures that predict development of

complications in individuals with type 1 diabetes would be clinically relevant. Our

goal was to determine if glycative and oxidative stress biomarker levels are

independent risk factors in the development of advanced diabetic kidney disease

(DKD) prior to detection of overt disease in the DCCT and follow-up EDIC.

Methods: Using a case-cohort design, we measured plasma and urine levels of

5 Advanced Glycation (AGEs) and 2 oxidation end-products by LC-MS/MS in

109 DKD cases (>40% eGFR decline from baseline confirmed on two

consecutive visits) and 350 non-progressor controls. Sampling, done at study

baseline and three other time points during DCCT and early EDIC prior to later

GFR decline, was analyzed by Cox models adjusted for risk covariates (Age,

HbA1c, BMI, HDL, LDL, Sex, SBP, and DBP) to assess the association between

the AGEs and risk of DKD.

Results: Significant associations between GFR decline and plasma biomarkers

occurred for three specific AGEs: Carboxymethyllysine (CML, p=0.003), 3-

deoxyglucosone hydroimidazolone (3DG-H, p=0.0007), and carboxyethyllysine

(CEL, p=0.021) using multi-variate adjusted analyses. Prediction by AGEs was

independent of HbA1c at the same time points. Urinary AGEs were not

predictive. Calculation of c-statistics also showed that plasma 3DG-H

significantly increased predictive value for progression of DKD above traditional

risk factors.

Conclusions: Two predictive AGEs, CML and CEL, previously shown to predict

DKD (Diabetes Care, 36, 3234-9, 2013) were found to independently identify

progression in DCCT/EDIC. DKD prediction by 3DG-H also confirms prior data

showing that DKD is associated with increases in its precursor, 3-

deoxyglucosone.

Early identification of those at high risk of progression to DKD by measuring

specific AGEs may provide predictive power above traditional risk factors and

allow the institution of preventive therapies.

 Most of the significant relationships between DKD (GFR 

decline) and plasma biomarkers occurred for specific 

plasma AGEs measured as time-dependent covariates. 

 Three AGEs (CML, 3DG-H, and CEL) all showed     

significant associations with renal functional decline (DKD) 

using the unadjusted, partially adjusted, and multivariately 

adjusted analyses as shown in the following table.

 The AGE 3DGH showed the most consistent independent   

association with progression of diabetic kidney disease, 

while CML and CEL also showed significant associations 

with progression of DKD in most analyses.

 No AGEs showed correlation between low levels and 

future progression of DKD

 Calculation of c-statistic also showed that 3DGH 

significantly increased predictive value for progression of 

DKD above traditional risk factors.(AUC (without 

3DGH)=0.7002, and AUC (with 3DGH)=0.7149 (difference 

with inclusion of 3DGH is statistically significant).

RESULTS 


