
People with type 1 diabetes (T1D) have a 10-fold 
increased risk of cardiovascular  disease (CVD). New 
biomarkers of risk are needed for early detection. 

We investigated the association and the predictive value of 
Oxidation (OPs) and advanced glycation end products 
(AGEs) for CVD events over 30 years in the DCCT/EDIC. 
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Analytic considerations

 Multiple imputations were used to address the missing 
biomarker values.

 Inverse probability weighting was employed to account 
for the case-cohort design.

 Biomarker values were skewed to the right and a 
logarithmic transformation was used. 

 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 CV outcome.

 Models were fully adjusted for age, HbA1c, duration of 
diabetes, treatment group, cohort, BMI, HDL, LDL, sex, 
systolic and diastolic blood pressure.

 The C-statistic was used to assess prediction 
improvement for biomarkers which were significantly 
associated with the outcomes in fully adjusted models.

 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 
 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 33 years later

 Outcome: 
 CVD outcomes included nonfatal myocardial infarction 

and stroke, cardiovascular death, confirmed angina, 
congestive heart failure, and coronary artery 
revascularization. 

 Sub-cohort
 The participants (n=459) were selected using a case-

cohort design.
 There were 93 CVD cases.

 Biomarkers:
 Plasma OPs (methionine sulfoxide [METHSO]) and 2-

Aminoadipic acid and AGEs (carboxyethyllysine [CEL] 
Carboxymethyllysine, 3 deoxyglucosone, 
methylglyoxal, and glyoxal hydroimidazolones) 
measured by LC/mass spectrometry.

 Measured in plasma at four time points: DCCT 
baseline, DCCT year 1, DCCT closeout and EDIC year 
1-2. 

METHODS: 

Background: People with type 1 diabetes have a 10-fold increased 
risk of cardiovascular  disease (CVD) relative to age-matched 
non-diabetics, and new biomarkers of risk are needed for early 
detection. We have investigated the association and the 
predictive value of Oxidation (OPs) and advanced glycation end 
products (AGEs) for CVD events over 30 years in the Diabetes 
Control and Complications Trial and the follow-up Epidemiology 
of Diabetes Interventions and Complications (DCCT/EDIC) study. 

Methods: Using a case-control design, we measured plasma OPs 
including methionine sulfoxide [METHSO]) and AGEs 
carboxyethyllysine [CEL] by LC/mass spectrometry in 459 
participants (93 CVD cases and 366 controls) at baseline, year 
1, plus closeout of DCCT, and year 1-2 of EDIC. CVD endpoints 
included nonfatal myocardial infarction and stroke, 
cardiovascular death, confirmed angina, congestive heart failure, 
and coronary artery revascularization. Cox models were 
employed to look at association between biomarkers as fixed 
(baseline and early EDIC) or time-dependent (all 4 time points) 
covariates and CV outcome. To assess prediction improvement, 
C-statistic was computed for biomarkers which were significantly 
associated with the outcomes in fully adjusted models.

Results: Baseline CEL was associated with CVD (p=0.03, HR 
1.15) when fully adjusted for all covariates (Age, HbA1c, BMI, 
HDL, LDL, Sex, SBP, and DBP), while METHSO at beginning of 
EDIC and in the time dependent analysis, was strongly inversely 
associated with CVD outcomes (p < 0.001 and HR 0.58 and 0.61 
respectively).  Adding METHSO also significantly increased the 
predictive c-statistic from 0.711 to 0.783 (p<0.001) when added 
to the other covariates.

Conclusion: High levels of METHSO, a product of the free 
oxygen radical scavenger methionine, are associated with lower 
incidence of composite primary CVD events during DCCT/EDIC, 
and significantly improve predictive value over traditional risk 
factors. Baseline levels of the methylglyoxal derived AGE, CEL, 
may also have value in predicting later CV events in type 1 
diabetes. Early identification of CVD risk in this high-risk group 
may allow the institution of early preventive therapies.

ABSTRACT

 High levels of METHSO, a product of the free oxygen radical 
scavenger methionine, are associated with lower incidence of 
composite primary CVD events during DCCT/EDIC, and 
significantly improve predictive value over traditional risk 
factors.

 Baseline levels of the methylglyoxal derived AGE, CEL, may 
also have value in predicting later CV events in type 1 
diabetes. 

 Early identification of CVD risk in this high-risk group may allow 
the institution of timely  preventive therapies.

CONCLUSIONS

At baseline, 51% of the subcohort participants were males, 47% 
were in the intensive therapy group, median age was 28 yrs with 
median diabetes duration of 4.4 yrs and HbA1c was 8.7%.

There were 93 CVD events among the 459 participants over an 
average follow-up of 20.9 years.

Baseline CEL was associated with CVD (p=0.03, HR 1.15) when 
fully adjusted for covariates.

METHSO at beginning of EDIC and in the time dependent 
analysis, was strongly inversely associated with CV outcomes (p 
< 0.001 and HR 0.58 and 0.61, respectively, covariate-adjusted).

Therefore, adjusted for covariates, a 20% increase in METHSO  
at EDIC baseline was associated with a 42% lower risk of CVD, 
while a 20% increase in METHSO in the time dependent  
analysis was associated with a 39% lower risk of CVD.

Adding METHSO also significantly increased the predictive c-
statistic from 0.711 to 0.783 (p<0.001) in the full model.

RESULTS 
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